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DESCRI PTI ON F-PgﬁmmﬁmmﬂmmwmmCLISHlNG PAD, METHOD OF PRODUCI NG THE SAME, AND
CUSHI ON LAYER F PAD Technical Field This ﬁﬂﬁﬁﬁéi@ﬂB&ﬁbates to
a polishing pad whi clgog@an be utilized as a polishing pad characteri'zed by
bei ng capable of industrially easily fine surface processing and usabl e as
a polishing pad effecting stable planarizing processing, at high polishing
rate, materials requiring surface flatness at high level, such as a silicon
waf er for sem conductor devices p gcg?F?&MNdiSk’ a magnetic disk, optical
materials such as optical |ens ang reflective mrror, a glass plate, netal

etc. The poIisMﬁBl#%?ﬁﬁg ﬁﬂﬂ53ﬂﬂ¥ﬁaﬁid¥1ﬂﬁbé?ﬂfﬁgﬂﬁhﬁ(gmm$e in the step of

planarizing particularly a si'licon wafer, a device (nmulti-layer substrate)

havi ng an oxi de | aye y o o] Lhicon wafer, or a
siMWﬂﬁmwﬁmwmm beforeaﬁggﬁﬁngéﬁ g%éﬁgoggét?gﬁggﬁEgchAFayers . This

I n relates to a nethod of producing the polishing pad and to a
cushi omoels@ayer for the polishing pad. Background Art Typical materials

reqU|r|n9egg£§gg? %Eg&gess at high |evel

This invention relates to a polishing pad which can be
utilized as a polishing pad characterized by being capable of
industrially easily fine surface processing and usable as a
polishing pad effecting stable planarizing processing, at high
polishing rate, materials requiring surface flatness at high
level, suchasasiliconwafer for semiconductordevices, amemory
disk, a magnetic disk, optical materials such as optical lens
and reflective mirror, a glass plate, metal etc. The polishing
padof thisinventionissuitable foruseinthestepofplanarizing
particularly a silicon wafer, a device (multi-~layer substrate)
having an oxide layer, metal layer etc. formedonasiliconwafer,
orasiliconwaferbefore laminationand formationof such layers.

This invention also relates to a method of producing the

polishing pad and to a cushion layer for the polishing pad.

Background Art

Typicalmaterials requiringsurface flatnessathigh level
include a single-crystal silicon disk called a silicon wafer
for producing semiconductor integrated circuits (IC, LSI). The

surface of the silicon wafer should be flattened highly



i nclude a single-crystal silicon disk called a silicon wafer for producing
sem conductor integrated circuits (IC, LSI) . The surface of the silicon
waf er should be flattened highly 1 F- PO3019TB( SG accus ahsbYorB sty

| ayer-formng step in order to provide reliable sem conductor conhegtions
anong various |ayers used in manufacturing circuits in a producing step of
IC, LSI and the like. CGenerally, a polishing pad is stuck on a rotatable
supporting plate called a platen, while a sem conductor wafer is held on a

plate cal Led,aapehi,Sit 301 hpad- £4PAPLE Ao 8h fo AL P oBid QL3 heRal
novenent of the twd, a relative speed is generated between the platen and

the pol i sBAgBRAM.:3Rd MihbeBoRgl UhbAR LalupLY) 183¢-adyukety shine silica-
or ceria- aseg particles (abrasive gralins) suspended in an alﬁall sol ution
or in an i, di 1,00 | o] f I h p e
polishingﬁ%g Egﬁggkﬁébﬁg%gg?g%% %??%§§x5%ﬁ¥§ ﬁgggnaﬁp ahé??gﬁﬁgpﬁﬁgcess .
When t he ggkishing pad noves on the surface of the wafer, abrasive grains
are pushe af ‘cont act poi nts against the surface of the wafer. Accordingly,
t he surface of {he maﬁgr is Bo Lsged by the indiEg dynani% Erbitional
action between FREBSEAHEceoPOLhE hBPeP2dndSt AEYUSHr 28] e T§FAIAR ISt 0 reduce
t he unevenness and surface roughness of the wafer. Such polishing _process
is usualI?ueBPFédn@NPEfEﬁéﬁ?%ﬁgyﬁb? &hECal RO shiSRPLCHAYC IS Vgﬁ?ﬁg pad>
The known polishing pad for. the mrror surface of a sem conductor wafer
used in t A& N5oid ehp R aseetP 1 iR uBe La sporpdfat s 3RaP 1 o psrydr&Phaitd ofoam
type, a polishing pad of polishing cloth type having a polyester nonwoven
fabric 2 BYPPpBbuoTsl Seyemﬁﬁftefgﬁmgh@dwm B Rl 3wt BrAe I ks geneandges
pol i shing pad of stacked type having the above 2 pads |am nated therein. As
t he pol i shetyepadtiod ndabenr andaiiee bodmshypg, headoland vhhane Sodmtdbaet
havi ng a void volune of about 30 to 35g is used. Techni ques described in
Japanese RatlemtyAppkivdiagi verMatfioral iRdloki-catri ceribabds€deppriécles500622
di scl osing a polishing pad conprising fine hollow particles or
wat er - sol ubbeapgdlenera jpes )t subkpendedper sedlikald smiutdon esiim snekiddc
pol yur et hane are al so known. Anong these polishing pads are those forned
grooves oOkohata®nohs tald sued acef Idw tthelofughoh igkpy bgtvagarcti@potihehpugpose of
inmproving the fluidity of slurry and maintaining the slurry. As known
t echni quepadf ad@rdlienga 8&f | akLepabtergb 0f sl mphh8hd Tuhd By£Ling Brolespal i shi ng
pad, known techni ques of form ng surface

When the polishing padmoves on the surface of thewafer, abrasive

grains are pushed at contact points against the surface of the
wafer. Accordingly, the surface of the wafer is polished by
the sliding dynamic frictional action between the surface of
the wafer and the abrasive grains, to reduce the unevenness and
surface roughness of the wafer. Such polishing process is
usually called CMP (chemical mechanical polishing).
<[I] Polishing pad>

The known polishing pad for the mirror surface of a
semiconductor wafer used in the polishing step include a
polishing pad of polyurethane foam type, a polishing pad of

polishing cloth type having a polyester nonwoven fabric



pattern by a worker with a device such as a cutter, a chisel, or a dianond
| at he are disclosed in JP-A 11-48129, JP-A 11-58219 and JP-A 11-70462. The
known pol yurethane foam sheet having a void volume of ahoph3gPotmsEhs as
descri bed above is excellent in a |local planarization, but exhibi&s
conpressibility as low as about 0. 5 to 1.0% and is thus poor in cushioning
characteristics, to nmake it difficult to give uniformpressure onto the
whol e surface of a wafer. Accordingly, polishing processing is carried out
usual |y aihgrebhgtbackstdepgliyaraehyHeetbang, f 9am ahest i a1 REO¥LEeds
separately with a soft cusﬁlon | ayer. 3 F- P03019TB(SG The polishing pad
of pol yur gthaRgaf egpLl KRG Ag Lhe ?Bbbéhhn9a8§d19ﬁ§ﬁ5téd {Redapanese Patent
P No. 8-500

Application Nationa ubl 1 cation (Lai d-Open) 622 constitutes a
i shi I . ' J N . T th

i ace i's roncamdcrs Bonse iy elad SFTRRPHhPEREnE EbaRCELBe AT, 1T oy

th Ui shi . . . th " i

pol i 5ni ngPPae et eFhais Ll ek ChagLAE P84 V3R F BERR IS dPknce i

t hei ght... That is, .th i .0bl that wh teri . tituti
2 pol | Shotosi Thce TR N BPAREEORR. Al IR & FRGfTEr PPEBIGACIER

polished jn_a |larger apount, thus,failin 0 aghi | at ness at the
nicroscophétF898ﬁ.Sﬁgilﬁﬁg?gﬁiRg?lﬁﬁépﬁ8?iEﬂrné—bﬁéggkanﬁcg8sngv?ded at

t he backside,&%“e.rflaten aftachnent side) with a_cushion | ayer haying a
pol yest er PROARBYBH HashfF PRPT it RY A M OV parydrdeRare " rEsrnsoLHRS e
requiring an additional step of sticking the cushion |ayer_ in the nethod of
produci ngPPhEMBE| PaRFAGLBEdIIEBeRERE P @i PREELKt Te81BopBCHI A demand for
reduction in costs. In these polishing pads, abrasive grains, polished dust
etc. are ReéUHLPA&DREHSI ATGORHSOOKNPHE -surface of the polishing |ayer during
polishing to reduce the polishing rate, thus periodically necessitating the
dressing step ofmpoyi thesg phbishiitiadadd tdren these Havineg abrayesecyr ai ns
of di anond deposited thereon, to renew the polishing surface during

pol i shi nghobet ¢hethe is1rfgueoblfethehat pbbtausegviaysr ifon depphicphsrg pad
are 4 F- P03019TB(SG not uniformy dispersed and the size and shape of

t he voi dsodriempraweigud ahe fheidiny afesienewethdyatheadnesgitige stepriys not
the sane as previous one, to give rise to a difference in polishing

char act er pst kgswn RtédHreiquapld s ioRehieaNBat £ Hee Goatitist e b dur pbgdikhengr essi ng

step to cause a reduction in the efficiency of production. Furthernore, the
pad is pohlkghedid Rhkhso i &58hdi®ad, known techniques of forming surface
pattern by a worker with a device such as a cutter, a chisel,
or a diamond lathe are disclosed in JP-A 11-48129, JP-A 11-58219
and JP-A 11-70462.

The known polyurethane foam sheet having a void volume
of about 30 to 35% as described above is excellent in a local
planarization, but exhibits compressibility as low as about 0.5
to 1.0% and is thus poor in cushioning characteristics, to make
it difficult to give uniform pressure onto the whole surface
of a wafer. Accordingly, polishing processing is carried out

usually after the backside of a polyurethane foam sheet is

provided separately with a soft cushion layer.



step, and thus there is a problemthat the pad is consuned in the dressing
step in addition to the polishing step. For fluidizing and mai ntai ni ng
slurry used in polishing, the polishing surface is forneﬁpgs@py§§30)
concentric circles or holes thereon. This processing neans include cutting
with a chisel, cutting device etc. or pressing wwth a specified nold, but
the cutting nmeans suffer fromdifficulty in preventing quality variation
dependi ng on worker's individual variation, difficulty in changing

manuf act ured patierpslishindg pod fOf Hpdlner Peides NSoam afgbgeneritié on of
burrs to mar the surface of a material polished, while the pressing neans

has problg§Bi SHERG FaBRekBELEASH TRPEASES Bhieed © AplUlattivhentienapl d and
a change, by pressing, in physical properties of a region surrounding the

processedpy0i O8tids ELABI OO P! W0l RLARkENBItkR Brsssis¥inghere is
proposed manufacture of a polishing surface by coating a substrate wWwith a

l'iquid ph I td Si q : i aphy d ri bed
1 V09830956 Wl o o Bl e (rye e B ST eory AP Ry Tt h v

rays or | . F- TB(.S i o] - 1 r.adi regiqns: i.n order
to rermvegﬁg%??r%%i%%%gﬂe%eggogéFg\?\%g%t% %%ﬁ%ﬁ%@éjéﬁ%&ai %h?ﬁi% hess is
manuf act u plicati f_.t.he ve | i gui otQ Lt resin, the
Taui d resin Do BBtk i W enat Rebh e, W HAR Y, B2ERR L ¥R BT,

t hi ckness._accur ac Productiqn of, _a pad usi.ng a,.spacer etc. to _solving this
br bl 6m CAUE G PRSP BTG Hh oo 1o RdEg: FRar G ERARBET Tkl ha MEERELFLO n |'s
liquid before |ight exposyre, product control, (tenperature control etc. )
s 0gi 111 o LErhednei o eteTreBnas gh SeRBoRtt & o, SR e CAPPER, 1and ¢ he
stock of the product is also difficult, to cause a reduction in industrial
ef fi ci ency PEHhsiethatheRer chMéest atee@BEF1 Ut LRI th@oPdrn6di Bar f&Fessi ng
step in the polishing step is still not solved. An object of this invention
is to probdded Lbbierener) Padamdingscar Fefdssi reodap) éstralishsdrince
processing to forma sheet and grooves ( is excellent in thickness
accur acy, a2atenges ameugh, pohushfaylingetandchtavevesatnegns fafntpol i shing
rate. In a polishing pad of stacked type lamnated with a cushion | ayer, a
m ddl e | ayeeroscapi¢ ded e Int oFeegprehi shing ndle phéiehasyirad saocaddebésti cs
different fromthose of the polishing layer to inprove polishing

char act erpsdvidedast déscbikbédide JP-Allp4d8idd atdmdtlimertthisidedseitboa, there
are the problens described above . To inprove the polishing characteristics
of the potiushitf Dager ther PO i polgdsayer nahdovkhefabayer smoregphadytded

Wi th various 6 F- P03019TB(SG enbossed patterns, but still not solve the

above propleRA®molyurethane resin, thus requiring an additional step of
sticking the cushion layer in the method of producing the
polishing pad, to make it difficult to cope with demand for
reduction in costs.

In these polishing pads, abrasive grains, polished dust
etc. are accumulated in voids on the surface of the polishing
layer during polishing to reduce the polishing rate, thus
periodically necessitating the dressing step of polishing the
surface with a head having abrasive grains of diamond deposited
thereon, to renew the polishing surface during polishing, but

there is a problem that because voids in the polishing pad are



Anot her object of this invention is to provide a nmethod of producing a
pol i shing pad whi ch sol ves the problens described above, is free of quality
variation resulting froman individual variation, easilppepepbesis@)change
in processed patterns, enables fine processing, is conpatible with various
materials to be polished, and is free of burrs upon form ng patterns , as
well as a nethod of producing the sane. A still other object of this
invention is to provide a polishing pad having a high polishing rate, being
excel | enhokMuntf & @i 1Y Y s@le ra cBhRE I B e 5 ZREa RO dHdRd o@NENd A G hberence in
step height, and not necessitating stacking a cushion | ayer on the

attachmenkrehdeatortde Rhative ThaeRakl 5PItHE Bad s8finbostebye desenbbed
above is a relatively soft pad of |ow elastic nodulus so that as shown in

Fig. 6, LhRePod islinousa¥RE, 3o give! Fiks Wehl CF 80rS0c&S d Boll 25hougt he

shape of a circuit pattern 32 in a sem conductor wafer, and the in3ulating

| ayer S4chelbueed RatLeLns AR Li%e PObLENEA1hE cBAEBIDe c401(ELERAR RG0! Em

wi th planarizing characteristics at the m croscopic Tevel"of a mateérial to
be polis : he polishing of , s Lbh i L LT an
increasegﬁ% gkgsépggtgéeﬁngalﬁggg? ?h%ggg%%éﬁﬁnéklg@%r?iggﬁh%ﬁégeg?s al so a
limt to_ingprovenent in planarizi characteristics. .So pql i shing pads
with an PROPOOERERE (5FEHAEETE Sodll U 0L S RO BhIEFR AT FRSpAFEPES 81t he
polishing,layer include: O 7., F-P03019TB(SG olishin ad having a

vl aul | SERBARRY OTRIB e dof BORBLETSFBAE oY BAT i EAPEHEHoR o ng

| ayer is conpressed with 4 to 20, psi (JP-A 6-2102%%,5 a golishing pad
using a pBPFi SRPR§LPLy&FeRavPng9ditansi F8 EPEsPPLLABABPUSTEP-1 MPa to 500
MPa (JP-A 2000-202763) , and ~ a polishing pad having_an bending el astic
nodul us of 3508°F of UoiHir iy erd aF0 e DY BAHFE0) US§Re hBPLiARAGIpads
described in these literatures have inproved planarizing characteristics to
a cert ai thexeehtshing surfegemss frrmed gropye st he’ec et T 5Ridg Pafs OKavi ng
sati sfactorypl anari zing characteristics axe obtained. A still further

obj ect ohofkssthavenni orifliss tprqrans ide angeols sinalgdeadudideld gitthi a

pl anari zing characteristics of a material to be polished. A polishing pad
usi ng a cbhsent i owat ippldayrietchane . stregtr garstvigded thi 4 s cCifsilidomolldyer has
the follow ng problens. (1) A nonwoven fabric having continuous pores

i mpr egnabad whthcuesing sewhdebyffisedfasmt Hefeushilen Layprevbdtihbere are
probl enms such as variation anong nonwoven fabrics and a change in

conpr essyQa1ehgragst e4t 5éh G g i bATRE kA’ & N ral iwrildtal( FhrAateaned

ur et hane foam havi ng i ndependent pores cones to be used, but there are
still pr @Qkﬁﬂﬁuiﬁ?ﬁrﬁéhgﬁéiﬁgH\hhu&fa@QUrieaaééﬂﬂaﬂ{s A1ieamed sdaheinha
production, significant residual strain resulting fromthe pores subjected
tor epeabﬁgtéﬁ?ﬁgh Nhd §bferdk 86 ble NS 9L €8 efirkhlba JfyRRLEPRANS tO

provi de a

polished, while the pressing means has problems such as an
increase in costs due to manufacture of a mold and a change,
by pressing, in physical properties of a region surrounding the
processed region.

As a method of solving the problems in pressing, there
is proposed manufacture of a polishing surface by coating a
substrate with a liquid photosensitive resin and subsequent

photolithography, as described in W09830356, wherein a

photosensitive composition is irradiated with UV rays or laser



F- PO3019TB(SG cushion |layer which can reduce variations in conpression
characteristics, a change in conpression characteristics due to inmersion
in slurry, and the influence of residual strain of the popgzthionmsa@yer upon
repeated |oading. <[II] Slurry-free polishing pad> For the polishing pad
used in CW , the follow ng techni ques are known: ~|l Apolishingpad having a
synthetic | eather |layer as a polishing |layer |amnated on an el astic

pol yur et hane | ayer (US-A 3,504, 457) . 2~ Apolishingpad structured by

| ami nat i ngight aamedpal Viweidianed avgyioMd him Jemewuen dade | mpregnat ed

wi th pol yurethane (JP-A 6-21028) . 3~ A polishing pad provided with a

pol i shi nghsyirif G b Fdgidh£l enent of selected rigidity and thickness

adj acent to the polishing surface and with an el astic elenment adj acent to

Strengih. char aear B B e T e A Rl aPoate ™y ehen

0 v, ) Py L R DegRO AR UGS, ROl ANSE R
o 1 ARG sl WRL"Le 20l LoD 20Ok MRIUAD &gl ghinant ol d
o0 T e R O BB e BRI e o

. : i
| ongi t udi fral S etast i CostH

F- PO3019TB( SG), |.oW ongi tudi nal el astic coefficient EB, characterized by
bei g pr o Rt EHA GRAIKD ) e e rE TG | BhgMGHA T ol ast ¢
coefficient_ than that of the | ayer B between the |ayers A and B (JP-A
10- 1567281115 6005 E¥REo8Ed dte Zepdlitsht P Y ef or e 1d9d RABEE havi ng
hi gher elasticity than_that of the polishing |ayer, and a soft |ower |ayer,
wher ei n M Hdcentgpdr (Fempe v Here (rmtaolie481313s diffd oydit sRitHe pads ~
to ~5 descri bed have the followi ng problens: ~1 For the uniformty of the
whol e surdzaeess Head ddoihd pappsuaehanespajdifigathes, syrdcthplsiack rol e
in making | oading applied to a wafer uniform and since a soft synthetic
| eat her iaf ugeal RIOdURL oig erstd i iehithg tayeuse erredwcthicoprigbl em such
as scratches, but there is the problem of poor planarizing characteristics
in finitendEonal 2£flicitheyst aEkedheypetlnd muibiiameblianecassdl ty nbrmoven
fabric, the nonwoven fabric |ayer acts the sane role as the elastic
pol yur et harne peayediica 1t dee abiwe stwit iondte poltichdak evep Urs ot iltyot
Further, the polishing |ayer has a rigid foanmed pol yurethane |ayer and is
t hus supesdlored 0 the synthetic leather in planarizing characteristics, but
does not reach | evels

An object of this invention is to provide a polishing pad

which can be easily subjected to surface processing to form a
sheet and grooves, is excellent in thickness accuracy, attains
a high polishing rate and achieves a uniform polishing rate.
In apolishingpadof stacked type laminated with a cushion
layer, amiddle layer isdivided into segments tomake the elastic
characteristics different from those of the polishing layer to
improvepolishingcharacteristics, asdescribedinJP-A11-48131,
and in this case too, there are the problems described above.
To improve the polishing characteristics of the polishing pad,

the polishing layer and other layers are provided with various



required in recent years for inproving planarizing characteristicsinfinite
regi onsandf or polishing netallayers. Further, the planarizing
characteristics can be inproved by further increasing theppgodoesg®@f the
rigid urethane |ayer, 10 F- PO3019TB(SG) but in this case, scratches occur
frequently, thus making this prior art pad unpractical. ~3 The structure
havi ng a polishing layer, a rigid |layer and an elastic layer is constituted
so as to have suitabl e hardness not causing scratches on the polishing

| ayer as ehBossetiagpatkayas,andtt etpelmbtt B81§6CORE bbed bayBlekng.i Nprove
pl anari zing characteristics deteriorated due to lowrigidity. This is to

sol ve the probl gAibtRethGoyst it ithilshensbaveopEnsi engfhoviil 4 Rethbs case,
the thickness of the polishing layer is specified to be 0.003 inch or |ess,

and Wi th hig-ddickies HANNnd HEd RALICEHE §0 4 QXBE 5ol &fs aRakedpkq reduce
the | ongevity of the product. e basic idea in this systemis the sane as

in the abgygyEentd eped &quéﬂﬁ%%ﬂi QQ%.n0£e§@&ﬂ§§%E® é@.dLHEE§iBt1a§aCh

layer is limted to achieve a re efficient range; In this system

there is ntj.al. ;r.eal i.zj . ! iQn he
polishingggggggﬁkﬁrgﬁ%ﬁ}W§g %Q%%gﬁggﬁﬁééﬁﬁ?%%ﬁ%?%§§§§%$ﬁé'§ %gi?%e sane
as in thebegveiggngigged §~,cbut %hglniddls ri%Ld Iﬁﬁer S iv%de in a
certain preaetgrnlﬁea 8Pze o PUPTHE Fnﬁ%g eVBAIFPEP ?&efﬁa Re“8uPface of
a wafer. However, the.step. for dividing the layer costs nuch, thus_failing
to providgoiﬁsﬁﬁQXp@ﬂgi%%eﬁﬁﬂq 8 iﬁﬁrﬁﬁdPP?ﬂr% 1ng RaLFEId1S s Ry Spads in ~
to ~5 requires exgegsi¥e slurri to flow during polishing, thus leading to
an 11  F2P03018FBPSGPLi REPEHSEPnthRodACEI on costs. Accordingly, a fixed
abrasi ve polishing pad contai ning abrasive grains in a polishing |ayer has
been devel oped. 2UAFtkt R PP £ hoP fpdd ish I vade AbridsitPe PRI AEs st em
the fixed abrasive polishing pad does not require expensive slurry to flow
during t hEopéFhdRPeRS they ings at mioh ipedd Aumes raéepope 51y i gsdd e o nexanpl e
a polishing pad constituted by m xing cerium oxide particles with foaned
ur et hane pasifnring tii eflapsedetIRIAL2009186498%d 3RIALIRDOHIFLIEMce 1hn this
pol i shing pad, however, there is aproblemthat since the density of
abr asi ve gtepniseight hergbhbshiege$ai/eatisg otacdanty gheushioen ylssfoubd be
used sinultaneously in order to increase the polishing rate. Further, ~7 a
pol i shi ngtpadaptadhunedtbgidesfetsanglaheasi ve grains in a binder solution
in a solvent and coating the dispersion onto a filmis disclosed (JP-A
2000- 190235). Homevpolithéng padacpr 6bhmntipat debtsipetii shbig padaconpri ses
the resin and abrasive grains mxed nerely in a solvent, thus undergoing
aggregati ealatitvBeyosaf Ppdd oFeNek ad Ba S€1 ARRE BAShl YhatWd R@lown @n
pol i shing pad produced by secondarily aggregating primry abrasive grains
of 0. 5 ~pigl d e8Re PP13SHly 1 HyEPBLA 1 Pl BARF IRHIY 360G sfEXiEBg1bhe
resulting granul ated particles of 1 to 30 ~, mvia binder resin onto a
substrat ethdPsa gOUF 23786A) 1 + DA ticairs, BOlishl 8gmPadnafPLas W LF akhg are
positively aggregated to introduce the abrasive grains 12 F- PO3019TB( SG
efficient is t I £61 re .l it : tes

Kol iRsR 1t %?*%%ﬁ%EE??%@§%§%§}?%$5§§§%@ J¥ii§£¥hRQQE89§J

cause scratches easi ng pad produced by m Xi ng

abr asi ve to cause a problem with planarizing characteristics at the
microscopic level of amaterial tobepolished. Inthepolishing
pad of foam type, there is a 1limit to an increase in the elastic
modulus of the polishing layer, and there is also a limit to
improvement in planarizing characteristics.

Some polishing pads with an improvement inelastic modulus

out of physical properties of the polishing layer include: O



grains having the maxi mum particle dianmeter of 2 Nmwith a resin materi al

whose particles having an average particle dianmeter of 50 ~Imor |less are

solid at ordinary tenperature, then introducing the m xedpo®d8sTRSG)NtO a

nol d and conpression nolding it under heating is disclosed (JP-A

2000- 190232). However, this polishing pad has a problemthat the resin

powder is hardly uniformy mxed with the abrasive grains at an initial

stage, and when the density of grain particles in the polishing pad is

i ncreaseda pbeiBhDAEGrpa@shavisgdecrpasedlie nedel80bHi ngodpsii gudbh. As

descri bed above, there is no satisfactory pad in the fixed abrasive

pol i shi ngcpRPraks PEESAN pA THEANSe BB116RENGT1 NS b RN dSwi enprovi de

a polishing pad which is used as a pad for sem conductor wafers in the

pol i shi ng | anani zi ke @in £SS; fi t
435099\%;4%?,(%@% é ﬁ‘??ﬁelra][‘, @ E‘écﬁlgh%%ﬁr@ﬁgd ﬁé‘fm?% ;I%Siﬂsf?ﬂﬂgut

sem conduct or IS exce inp I ng racterrstics wt

usi ng S| Uf Ly 3 06NSr ALES {EWI13CHALONET 1 s T LImddiRbego ahleegbpof this
invention IS to provide a polishing pad for sem conductor wafers, ichis
used as a J pol.i shing st.ep.af planarizing fine _unevenness.on a
fne pat 2PR0GA027 85T iRl e nd 5RO BL 68, A ORI RESRRAEG o
very high density w t, usi lurry, . a e t F- P03019TB( SG
fem1scrat@ﬂ§§fFﬁ 8§1§§8§ftaiégg9§igﬂ/§? aGﬂ% Ggﬂgﬁgﬁ%%ﬁgp'hig edensity.
Di scl osure ?f ﬁnventi&n < IL Polishing gad> The gresent i nvention rel ates
to a poliBRFAGRPAE RAVFng=SCpdPeentRgtRayer L1ERER SR EF i DRYS | WPRAYSEhe
polishing |layer is fornmed froma curing conposition to be cured by energy
rays, andpiﬂéaﬁéﬁi-%iéﬁf‘sh%’%acftﬁ’e“s'ft}?lf%%éooﬁ‘ HEFIAR F§ﬁ?ﬁ§flk?ﬂﬂ'erlti sapdPhed by
phot ol i t hography. The polishing pad can be easily processed to forma sheet
or groove§e§?édﬁhﬁ$?Wﬁﬁ%ﬁ@ihﬁg}ng§a§§@@W%ﬂﬁS??ﬂ%%ﬁ%?%€%319669%5é99 and
achi eves a high and uniform polishing rate. Preferably, the polishing pad
has a stafheraererishiedepfecpheinedl. 49 or less and a dynamic friction
coefficient of 1.27 or less on a glass under a |oading of 4400 gf. In the
pol i shing pad, Ahsttl¥ iy dowposiiaan qff ehdmsaliinyeoddoa is dosprodigel yner
conpound. The polishing pad may be used as such by using its polishing

| ayer as &heolbbdh g madadceddentieipabl st niz jpag arsmravahes iss ttiicshiodnal ayer
| am nated at the back thereof (other side than the polishing surface). In
t he pol i shangrpatl havbagpalpshedhing | ayer, it is preferable that the
polishing layer is free of pores and has a storage el astic nodul us of 200
MPa or nore, and gdieistii@@adldsing a conventional polyurethane sheet

provided with a cushion layer has the following problems.
(1) A nonwoven fabric having continuous pores impregnated with
resin is widely used as the cushion layer, but there are problems
such as variation among nonwoven fabrics and a change in
compression characteristics due to immersion in slurry.

(2) A foamed urethane foam having independent pores comes to
be used, but there are still problems such as difficult
stabilization of a foamed state in production, significant
residual strain resulting from the pores subjected to repeated
loading, etc.

A still other problem of this invention is to provide a



F- PO3019TB(SG el astic nodul us of the cushion layer is |ower than that of
the polishing | ayer. Conventionally, an elastic nodulus of a polishing

| ayer, such as hydraulic nodule, tensile elastic nodul ug-po3GBETR(BG) el astic
nmodul us, is determ ned under static conditions. In actual polishing,
however, a sem conductor wafer to be polished and the polishing pad are
rotated, and the polishing pad is repeatedly and periodically pressurized
and released. In this invention, therefore, a difference in defornmation of
t he surf aceslofoh heaper i whicly tayerediicé hea pit 5o H0ipacompse exasm ned from
the vi ewpoint of storage el astic nodul us considered to correspond to

el astic npgatastendet i gy nadnchLdiitn @BmpreAsianl 8Hkhctbbespigsedhe
inventors found that the problens related to the planari zing

charact er{stimreffidn PO iShad-PbjarRCitheCaugedeRtet B £8BYQNLIL 0§8La PRI i Shing
pad having a polishing | ayer of |ow storage elastic nodulus , can be sol ved
by using arngteridy i HViHo & 8 ohssn SOk a9E-&! dfndodul us (that is, at

| east 200 MPa t%anlthat80f9¥€eg€§nﬁen§éonaf pg?%s |§8 | ayer. The storage
el astic np S r o ln: this.i tion is conparable with elastic
nodul us inggéﬁa%¥§£§$sgg%%ag%?%%$§?gaﬁ%g?ndicates the rigidity of a

mat eri al subj ted, to dy.nanm_c vibrati.an or_defaryimation. shown in Fig.

5, a polishi nge%%ﬂgg‘f %O;ivﬁsnglngu%% HESSH lsrigbfj%g gl%‘sa]t]iocw‘nr%%ﬁ?%snﬁ%%ee? goes

| ess deforngt'gn upon periodical deformation and is excellent in the
flatness of “an ?Haul ating | ayer 34 between patterns 33 in a circuit 15

F- PO3019TR(SG pattern 32 in a sem conductor wafer, The storage elastic

nodul us of #1RP bt MY RGIPAYENG 2 SEREREFIRI WL TG F IVPRY OF 2F5r ROLLF 4L RBe upper
limt of the storage el astic nodul us, of the polishing |ayer_ _is_ not

parti cul at®YeFi hiPeaatett OneR ehesEiorRghyerasiaee nbavittis (¥ 200 high, the
sem conduct or wafer may be scratched, and thus the storage el astic nodul us
is preferdbP{424@Ph-or | ess, nore preferably 1.5 GPa or less, still nore
preferably 1 GPa or less. In particular, the storage elastic nodulus is

pr ef er abl ) 2000 MPsh iy Ra@Rd,r uniue eprtsf éambhyt 200 aMRzanexr po GPareThane
polishing layer is preferably a |layer free of pores . For increasing the

st orage elaget wimbduhaswobenHabydla shpreghalyed wish2oo wie tdranef&P-Rhe
polishing layer is made preferably of a |ayer free of pores such as those
in a foanbeft028nh.addition to the polishing | ayer having a storage elastic
nodul us of 200 MPa or nore, the polishing pad preferably has a cushion

| ayer hav@ha #@Méh§h@rpwﬁp@b&§&ia§ wiDgh! bUso T hewi ddiatur@h cehengal £shiag | ayer
. When the polishing layer has high storage el astic nodul us, the undul ation
and warp @ichenatefi abléotbe pohished ane tnLckrnsed, abjbcbytatsatgéng a
cushion layer, the highly rigid polishing |ayer inproves fitness for a

material $0106hpayi Sethcanthd ke taUshi Oladayere s b diheewrdubathen of
the material to be polished. Accordingly, even if a polishing |ayer having

hi gh st or agg: §0dubmsnt st¥Sefldoh NEnENE{ 9L EVeh@hBANRL LRI BGoShARACLELY St CS)
of the polished surface of the 16 F- P03019TB(SG naterial to be polished

is not dehRyFQratLorerdden SIHAUIR 1R ASIL 1 ROEKS Hseid ﬂﬂq§d3E§QEQBt|§M&r i's
not particularly Iimted insofar as it 1s |lower than the storage nodul us of

t he poli shi I r ‘ ] i I l1to
T o e R e S R T e s e B R

MPa, in %ﬁ'?f#& ﬂafﬂh%%ep{ﬁﬁ%éﬂ{&fé@ﬁ%&eégséﬂec?ol'i%h%% QQLFéQ%F‘g pad

of this inventron, the polishing T'ayer preterably conprises a polishing

surface | ayefs 3G & BRCKSIAR LAYEL <Al LR backslda ] Y ahd gatoLaEd from
0 cured Wt he

an energy ray-curing cofpaosition energy rays, an

backsi de | ayer.,is a cushion_layer. formed patterns .b tal i thography. The
nct o orPOhEEBET AR Medd R e LT SRBEFBUC R g P b P A R BRB% & ¢ hat
t he polishin ad is free_of a variation ipn qualities d i ndi vi dua
variation?fegggl?uﬁﬁﬁﬁ?egfatgﬁamﬁﬁefha oPﬂEﬂsB%?tégﬁ§é @ﬁé@?é@g§g'forn1fine
pattern, Ls conmpatible with various materials to be polished, and is free
of burrs @)@nppérlmhﬂ@gpgtlpéhn?omr%ﬁengo@iwﬁﬁﬁ)alcﬁyecmé Bavkspdeipghyer is
formed preferably froma curing conposition to be cured with _energy rays,
and the bbeRrgitedingerelasty ¢ eoritddcliepérEARTREG paveerip¥sxr B having

phot ol i t hography. The action of the polishing pad thus constituted is that
pressure received by the polishing surface can be relieved w thout
separately |l am nating a cushion Iayer,9and t he polishing characteristics
can be inproved. Further, the polishing pad 17 F- P03019TB(SG can be
produced at |ow costs w thout necessity for the step of lamnating a
cushion |l ayer, and the polishing pad has a cushion | ayer adhering strongly
to and integrated with the polishing layer. In the polishing pad of this



pol i shing pad having a high polishing rate, being excellent in uniformty
of a material polished and in a difference in step height, and not
necessitating sticking a cushion |layer made of another napesDaOTBI®AE)he
attachnent side for a platen. That is, the polishing pad does not
necessitate arranging a cushion | ayer separately between the polishing pad
and a platen by form ng a backside | ayer of |ow hardness at the side of the
polishing layer to which a platen is attached. Wen the difference in
hardness 5wl Rfyithalimhl &8st esWdd fiTd -G 11ER fehiaraleerliaddsf bednyi th a
cushion | ayer nade of another material, as required in the prior art. The
backsi de b%ﬁ%&d@&%ﬂﬂ§1iQﬁHﬁde%HﬁHHJMﬁ%vﬁhérhﬁﬁﬂﬂ?ﬁén?§t9§£ﬁ§ﬁéﬁgstic
continuously fromthe polishing’layer to the side attached to the platen,
or the ba I : r hiut o tind ay. U rein
whi ch theeéglrfg%gggngtt % gﬁ??%w{l&u 19 ?tlgol??g%%% S}Cl;){%% qiﬁe%aagihge | ayer
serving ag the_sida_ d to the platen is higher than that of the

m ddl e re%iéﬁ? %rq?hZ%%ZgEZfde | ayer may be constituted to be a two-I|ayer
structuredn which the hardness of.the surface of the backside |ayer is the
s oo ¢ DA A ROTRORIE Ofed: B-LERLES] 12T The AL o 1-X5d: "AZETHni f or m
hardness. . The difference in . hardness defines . as.a difference from the

o on of PLGREEL © haF HRELEY [ AhG TBaeRE  the FRyaeriry LRESEaserdr tRE®

mul ti-layer structure, the, polishing surface of, the polishing pad.and the
surface of-OMRE X8I ‘tﬂ]%e¥%§r%uthﬁ'é‘§/1dr?g\?ef%¥%§ts et Jﬁa’f\&ﬂré‘éé,méﬁd in
this case, either the front or back of the polishing pad can be used as a
pol i shing surfadbe ryhbshing Radernose Qudtacsibadcdraegrdhenhécddowingst
backsi de | ayer have the al nost the same hardness while the hardness of the
m ddl e | ap&ebilemsewer than that of the two, the difference in hardness
defines as a difference in hardness between the outernost surface or

backsi de (By®rr aritk turel foxhdl y | @ ethe |who ke pyef Bacb) ethdatladieic
above-descri bed polishing pad attains the above difference in hardness by
appl yi ng eréyvgyertapsearaer ihetdiis syatehastahmei ngle he potkishilegdiager and
t he backside | ayer each formed froma curing conposition, so that the

pol i shi ngapad ikdvtog wadepr edef erm, nadd diifrfcar ansef t rshratlthteiss learthee easily
produced. The phrase "applying energy rays and/or heat" refers to

irradi ati 1g epedoys rays cutdieristd polliehsheelagbrantiar€acd e eubbigm
conposition, to cure it so as to attain the predeterm ned 19

F- PO3019TBLEE) a §liddrereimesi nbhiarthsss dependigid ikt a€hd&8ibeanalie ing
difference in hardness is attained by control of energy volume . The

control otnaracerriehyudR iis ¢onduwet edgbyneontrolling tenperature, tinme etc.
in the case of heating or by controlling irradiation conditions such as

intensity @f 1 ena{O% vA%Sa thpRIbat by hEBENELE  and SOWAIARL *ebric,

transparency of the curing conp05|%|on, se?ectlng conponents such as a

phot 0-i ni that Abnwdkehne Fdbaliicng alRe ARUNLSH 0 e earParRerhe kiakhecase of
energy rays. In the polishing pad of this invention, it is preferable that
t he poli shi I r..an backsi de. |l ayer are r continuously into one
body fro Pﬁguggﬁéaggrgﬁ ng%%ogﬁfigﬁpv ugﬁ%glﬁégpgﬁshgt%aén%%%Y%g t he

pol i shi ng I th [.O Y, i e hody. ily

pr oduced. u%:ﬁéf%g(r)n% éss?%?#ﬁ%/’ gFﬂl?réélp){o%ﬁ?niggyﬁfegﬁ/g{rgsl % %}llg%%glf?gﬁﬁﬁz pad
is preferabl nsi der at.i on_of _.the ¢ s%%oni

0 ..5=S i
char act er POAVEESPRPRG BT SRAAT FAYEUHT A H BT EFehabty P2 hET of
. Th [ f. th i shi | [ f bly 50~
Tor e in CORPABTAEAGA Gt TR SERERT SNAAG c RATabEBr| CPtcE DA M HE FaR hing
ot ng  { GeRREEYe Tt EEHRRS: REaRBalPde LnpEovIRg planariziag 1 O OO CF

characteristicsinfiniteregionsandforpolishingmetal layers.

Further, the planarizing characteristics can be improved by

further increasing the hardness of the rigid urethane layer,
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Preferably, the surface of the polishing layer is forned grooves through
which slurry used in polishing flows. Preferably, the surface of the
polishing layer is formed grooves in which slurry used imppgbiotTBELG) S
stored. 20 F- P0O3019TB(SG~ Preferably,the material poli shedi sasem conduct or
waf er or a glass substrate for precision instrunents. This invention
relates to a nethod of producing a polishing pad having a polishing |ayer,
characterized in that the polishing |ayer is produced by a
phot ol i t hggtaphithinethed ,Cospatshdg dddurt Feegieptal, ,f enas g ld riheat snol di ng
froma curing conposition containing at |least an initiator and an energy
ray-react b¥eo¢OBRURAJt nbeackried1wi th energy rays, (2) the step of
exposi ng the sheet nolding to energy rays to induce nodification thereof,
to change 0 i ; R :dj i ol ' ( t he
step of de®ve o%ién%&q%%%g%%g{eat‘;%gq gilqg}?lajf@el?{q]%r& |Ig't isaor]f %tah l%%grrg;%)ﬂgays, to
partially_.re I ng cmos L4 i : r ikNg an
surface pgﬁtglr)%gg%glqusé:f g%e sl de. ﬂuégcﬂsgi %)%10 ugtgli‘%ﬁmnlia%%gldée?%rgﬁ%@s
photolith o C [ |t h ' hod,
t here can?l%reta%{rhosglur{c%%gggﬁ%ﬁ?gﬁ?lngﬁéggﬂ\%ﬁ%g#gﬁga&?%égo eq%g%?%)gé \‘"}g |Ea:ti on
resul ting %&pn1anei%inEg%ag %%Bhatkoqd ﬁasg&yt%ng%l%%v% cga%g%i%ugface
patterns,aenagPeg 8 o s PRECEGY FATE paFFérn, i § onpatP Fe™with Vari ous
materials to _be polished, .and is fre f burrs in.formng sur f.ac
pat ter n. - FRETAGEROASSTCHr SAUCF AT ERECONT offl NG hAdOCBAEY | ot T He 58 i shing
surface | ayer and the backside | ayer formed continuously into e body from
the curi n§odFRpEBRIRERPIYN i 2he srsP@@o&@r@@s@)@oyer—@&nﬁﬂpﬁeén@g?%ys i's
characterized by having the steps of formng a _sheet of the curing
conposi ti é®, thikpsassy tg-ﬁé Whedinggn o hﬁ%mq%gl%r& Layetol £ReLGyY fl&¥s | and
devel opi ng the sheet to dissolve and renove the unexposed curing
conpositi &@ P68 PoPRBalsghfatel past eaf t'hickledih i Bythifknasshed edvi fgesuch
constitution, the pattern on the surface of the polishing |ayer and the
backsi de Payjdshiag hgvarcushibir pdraveshriicbhsepgredutkd lonagiel Y qf the gi ve
the polishing pad at |ow costs. The step of exposing the polishing |layer to
| i ght andptrieglusttep of exposing the backside |ayer to light may be carried
out separately, or both sides may be sinmultaneously exposed to light . In
t he nmet ho@ofherisslsice ngdédeipoth shi sigspad ToONpié Séage the pol tiski ng | ayer
and the backside | ayer forned continuously forned into one body wherein the
Ihar dness gfboﬁz*é@nié@ﬂ‘di%lhieﬁg@) A¥a8 i Rhgherot hae & hesbod dass uel of Radpacksi de
ayer, and the
layer is limited to achieve a more efficient range, but in this

system, there is no substantial realizing means, thus making
production of the polishing pad difficult.

® The basic idea in this system is also the same as in the
above-mentioned @, but the middle rigid layer is divided in
a certain predetermined size to further improve uniformity in
the surface of awafer. However, the step fordividing the layer
costs much, thus failing to provide an inexpensive polishing
pad.

Further, these polishing pads in @ to ® requires

expensive slurry to flow during polishing, thus leading to an
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difference in hardness in Shore D hardness is 3 or nore, it is preferable
that the difference in hardness is given preferably by applying energy rays
and/ or heat to the sheet nolding of the curing conpositiﬁ@n36qug§khshing
pad of this invention can be used alone w thout a cushion layer, but can be
| am nated with a sheet, a nonwoven fabric or a woven fabric having
conpression characteristics different fromthose of the polishing |ayer.
Anot her aspect of this invention relates to a polishing 22 F- P03019TB( SG
pad conpri;piRga8k hRagtoaulRlbinbgehay &c A thPUsNOE hd¥ehbrasive
characterized in that " the polishing layer is free of pores and has a
storage e .6 s ond S - mJ.e tk . i.¢.nodul us
of the cu? %ﬁgﬁallggeﬁggscﬁg\%}%‘%@%b%aagtméef 9 %gqgo ﬁs%?p%l%gsglylglrgéﬁ%kgg

pr ef er abl f | shing. o th f f.1he | i_shing | ayer is
P ovi ded WL Sebdeva oRBon i RA e pFy FRELAS Batin ACHPR PR e
anot her preferabl e node.of .the.polishin d,.the surface of the polishing
| ayer is HFS\WG%%ISWTh%&reoB{‘/}é%dia%ﬁﬁrﬁjtvf?ggggﬁ?lﬁgéoc? Ho581 TShirFd L st or ed.
The material to, be pqlished IS preferabgy % sem_conductor wafer or a gl ass
subst r at e SFBENSAEE SHETYnSOr kMt SUTANG: thE BRILREANEsSEEP of this
invention relates to a polishing pad conprising a polishing |ayer and a
backsi de | ayer, A8hibacEékrdeabrasiiat Pohéspénpshipdg Eayeexanalen® wacksi de
| ayer are formed continuously into one body, and the hardness of the

pol i shi ngPrayéhing pigKensthin teRL haldiagscor lvnexpdeei el ¢kgmitnd t he
difference in hardness in Shore D hardness is 3 or nore. In the polishing
pad, it ig$opmefepzisitianigatreshia dgr ddceloBedhd JBolRi SR0Ag3P4YeP i dPfF-ér med

wi th grooves through which slurry used in polishing flows. In the polishing
pad, it i<2000eBerdablo¢ .t han thie murifsddegypad hbopeleshitig Heayea pirebflemed
with grooves in which slurry used in polishing is stored. In the polishing
pad, it i<$hprtesonabditbetdentsite ofdleraslv@grairsPO3GeTB{ B3 hing dayer
polished is preferably a sem conductor wafer or a glass substrate for

pr eci si oniisnabtuset sgh <[dJur@iskhomlldaperufed 4ireu pdnsduslyy pads rike
cushion |l ayer for the polishing pad of the present invention is a cushion

| ayer for tbhanpelkihash rggepad1aensngt irageaf a polishing layer and a cushion

| ayer, characterized in that the conpression recovery is 90~ or nore. In

the cushion layegrchBere® S R3S MAHAHRN gdrdduced by dispersing
abrasive grains in a binder solution in a solvent and coating
the dispersion onto a film is disclosed (JP-A 2000-190235).
However, there is a problem that this polishing pad comprises
the resin and abrasive grains mixed merely in a solvent, thus
undergoing aggregation of the grains to generate scratches
easily.

Further, a polishing pad produced by secondarily
aggregating primary abrasive grains of 0.5 Um or less so as not
to contain a binder resin and fixing the resulting granulated
particles of 1 to 30 um via binder resin onto a substrate (JP-A
2000-237962) . In this polishing pad, abrasive grains are

positively aggregated to introduce the abrasive grains
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conpression characteristics, and the change of conpression characteristics
due to immersion in slurry is low, and the influence of residual strain
caused by repetitive |oading on the polishing layer can heosgdyesta)The
cushion |l ayer for the polishing pad preferably conprises a conpound 'havi ng
rubber elasticity. The surface (at the platen attachnent side) of the
cushion layer for the polishing pad is preferably forned pattern. By

subj ecting the platen attachnment side to formng to form protrusions,

grooves ekgfichbhtaleanits EﬁgU9€g1nStb@hnth@§QGQSC§anBBEQRYtHSt'@ﬁéeased
to increase conpression strain, thus increasing conpressibility. The

surface pg bggaakgscgggggtggrgggﬁggagggl%Q forma , groove structure or a

hal f-tone dot Structure he “Shore D hardness of the polishing surface
side of the pad hess

S an 1 hargnesgdo eé&# %9 |sh|ng gg&@gce is
too low, while FPEERE  co FeES %I F? PEe P o2y He e 924
F- PO3019TB( SG se the oblen1 reducti o arization
accuracy. %a~)n8rhw§g bﬁpff\aeéﬂsm hedie, A1 aRRESE sz B SR agan
non-recover def tion used On one handgﬁ%: 6ﬁ:a ari z t|on

accur acy gty ﬁﬁ? vEd°BY Pﬂ6¥é8§?ﬁ The 9 i Yt ASF AR lﬁEe &rf ace,

but the surface uniformty is | owered. Accordingly, the pad provided with a
cushi on | 8FePOt M REr 88& £KE é@ﬁﬁ?e§§|BF@FP?rﬁnGe@BﬁﬁP§§§PontPéBovery i's
required. The cushion |ayer faor the polishing pad_of this invention
preferabl9nﬁ§§d981n8rtﬁﬁr@168ﬁpﬂé§§F6ﬁlré@&@eﬁymoéﬁlPPdSFBWPﬁePFéén
pol i shing pad> The slurry-free polishing pad of this invention is as
fol | ows: ROPELNGhiitgUPEGThAGRRG ﬁ§|ﬂeﬁPAQSE§yéﬁPhévﬁﬁaOaﬁﬁagﬁ@é -grains
dispersed in a resin, characterized in that the resin is a resin contains
ionic gr oﬁpye\fﬁrt,h*'ehxarp@éll@mlm Pad 15090 acip¥ elohem THha &y b e 4 pkhicrg delre
polishing | ayer constituting the polishing pad of this invention has ionic
groups i nisrhapblnundf o2 lyonix0d wddht tre albd asdn e gredkpd p&t an dbiddive
grains in a stably dispersed state to forma conposite, and even if

abr asi ve grtaiges ameé whemt dhaetbradity gif geasntparttitd esesnrntleapolédhdag
scratches resulting from aggregati on of the abrasive grains. Further, the
ioni c groppsl Df itrergamzxid) ahe hiaider gelsulnl Bs are cnataeyred o peris? bloadiand by
wat er suppl i edin the polishing process, the affinity for a material to be
pol i shed idd fifipuated to increase 25  F-P03019TB(SG

As described above, there is no satisfactory pad in the
fixed abrasive polishing pad at present.

A further objectof thisinventionis toprovideapolishing
padwhichisusedasapadfor semiconductorwafers inthepolishing
step of planarizing fine unevenness on a fine pattern on a
semiconductor wafer, is excellent in polishing characteristics
without using slurry, and generates few scratches.

A still further object of this invention is to provide
a polishing pad for semiconductor wafers, which is used as a
pad in the polishing step of planarizing fine unevenness on a
fine pattern on a semiconductor wafer, can have abrasive grains

mixed at very high density without using slurry, and generates
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the polishing rate and to exhibit polishing characteristics excellentin
pl anari zation and uniformty. Fromthisviewoint, the anount of ionic
groups possessed by the resin is preferably 20 eqg/ton orgl ' r
preferably 100 eqg/ton or nore, still nore preferably 200Fg%¥?33$%#§%5re
When the ionic groups are increased,the watersolubility or water
di spersibility becones too strong, and thus the anount of ionic groups
possessed by the resin is preferably up to 1500 eqg/ton, nore preferably up
to 1200 edkiwoscrstihésmf epRief sy ahleyed itbd 4200 80/t LB the ﬁ’ﬁ'rcT}gShi ng
pad, the resin formng the polishing |layer is a polyestgr resin, and the
ratio of akematic dicarboxylic acids in the whole carboxylic acid
conponents constituting the polyester resin is preferably 40 nol-~ or nore.
The resin formng the polishing layer is not particularly limted, and
various resins can be used, but the polyester resin is preferable in that
i onic groups can be easily P@%%ggg%?g.ﬁknlconsideration of the polishing
I"shi

properties of the surface o e po ngnwgﬁgﬁ?nthe gl ass transition

t enper at ur, f . in _farmng the polishing |ayer is preferably 10C or
nor e, nnréqéﬁeféggﬁﬁﬁﬁgop?gggoc. For exanpl e, when the content of aromatic
di car boxylic ac&ﬁs in thetmhole car boxylic acid conponent constituting the
pol yester resin I's 20°Hott ot B Hor q%i??ﬁsa§§ ®r h e RathBr¥iBEe can
be in the_aboye-defined range . The content of the aromatic dicarboxylic
acids is AoPBIpPBIBFab?YeB0 FRATAS@Fi%RA eln dhat fheoROldTBI8G) lhyThe
polishing,pad of this invention is a polishing pad i i having a polishing
| ayer havilggfl%ﬁ}‘%‘%if\féngﬁa?%“éﬂ §}9§‘P§édtil|@nat©gsq guredapactreigredays , t hat
the main chain of the resin is a polyester containing at |east 60 nol -~
aromat i ¢ BPEEFHORPELErAS| f ithet fier fmes @ fobhe ®oliish iay Hagenponéntmednd t he
side chain of the resin is a polyner of radical polynerizable nononers
cont ai ni n§YhpBesphikhegtanbyi onal groups. The polishing pad of this
invention is a polishing pad having polishing | ayer having abrasive grains
di spersed in a Fesinoligidmar pedi eanl benebhaly tdw ded sed hai floph & BRek€SIi N i S
pol yest er pol yurethane based on a pol yester containing at |east 60 nol -~
aronat i c dF gaolyryl e ach dhersurtfa ool eegaehosyikiic @i ckcaspaneitacand the
side chain of the resin is a polynmer of radical polynerizable nononers
cont ai ni ngnlydcopairéscaf iaghi anal ugt oops. pPLesRIAR! ¥arbhe specific gravity
of the resin formng the polishing layer in the polishing pad is in the

range of 1.05 tbrdf8babhpnd the @bp§§hiﬁ?n§éai@@stgnpgégi@rgriétggg or nore.
For producing a viscosity polishing surface to achi eve good polishing, it

i s preferabbefibpént hef SPEGi bi G AWMLY a Ay dhe & esiiRhionMogsEhe; PRLI shing
| ayer is in the range of 1.05
of 1.27 or less on a glass under a loading of 4400 gf.
In the polishing pad, the curing composition preferably
contains a solid polymer compound.
Thepolishingpadmaybeusedassuchbyusingitspolishing
layerasthepolishingpad,orthepolishingpadmayhaveacushion
layerlaminatedatthebackthereof(othersidethanthepolishing
surface) .
In the polishing pad having a polishing layer, it is
preferable that the polishing layer is free of pores and has

a storage elastic modulus of 200 MPa or more, and the storage
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tol . 35 ( and the glass transition tenperature is 10C or nore . In the
polishing pad, the resin formng the polishing layer is preferably a

m xture of a resin having a glass transition tenperature re and
a resin having a glass transition 27 F- P03019TB( SG teﬁ%ﬁ%ﬁﬁ%ﬁgﬁ%aPBOC or
| ess. The resin dispersing abrasive grains used in this invention is
conposed preferably of a m xture of at |least two kinds of resins, that is,
a resin having a glass transition tenperature of 60C or nore and a resin
havi ng a @138%%1 Ll eIRer, re.o I ~.VWen only_the resin
havi ng a gl ass Hggg}lt&}lggoferrperc:g{s&rle no;laggg f(;ér lr?o%‘?ezr F?aﬁsg}(ﬁégi%% B8at | ng
may be shr ¢ ols i of drying, and the coating cannot endure the
shrinkagelgﬁﬁgggJﬁpﬁgﬁggﬁerate wrinkles on the surface . Wen only the
resin having a gl I; htion_tenperature of 30C or less js used, its
coati ng surface%iog%g?%é?ﬂé%tlybu?}l ietq%iss}:lé: @?FBEVSS‘{% ?a%%f%%h’rrh%rlé‘é@é 't he
frictionagu% sggt n eas'gnifigagtly durifg olishing, thus failing to

achi eve stabi e pol't ShithgrSALRIPUP ngt§2S4ate| L} BE S AFaPiemGlimdr f er ent
glass transition te gratures shoul d be m xed with good bal ance. One of the
two resin§ BreftEr &‘855‘ HEs &SgredeIiiaRs vrgett Sipdist ¢raddtisns or Inor e,
and the other resipn preferably has a glass transition tenperature of 20C or
| ess. WheRCHEL R EHIRE | BPUEVES /f B BREE CONMCEoItywa frr teshe pedvishgda gl ass
transition tenperature of 50C or nore, the surface of its coating undergoes
cracki ng &Bﬂiggedpyﬂﬁghﬂﬁgfaﬁﬁ pgegirpsazegoodndodhiengo lisbiagepade idi anet er
of abrasive grains in the polishing pad is preferably 5 to 1000 nm The
abrasi ve §PRFASedly dreéberdsidickilley pbeasuvezegd aimbreheasedveragehparticl e
dianeter is 5 to 1000 nm Wen the average 28 F- PO3019TB(SG particle

di anet er aRVeR&iabr ddiare fpzd ns dif feerencasaddefhemdic$parct bhé istiy fhler eof in
the resin having ionic groups may be deteriorated to nake m xing thereof in
t he resinodi thecrdliskin tlaen Ha aner pgdiphi hiyohed diaiTeixa iefed Beo@br asi ve
grains is preferably 5 nmor nore, nore preferably 10 nmor nore, stil

nore pref thablipwd®d imn of s tor ege Wheas ti benoaid 1ivshi 61gs 1 @yesd @@aba&agﬁanabr asive
grains having a | arge average particle dianmeter is used in polishing, |arge
mars nmaybeoge vast i ramatlers ahdpel dehedli c althditusdhe aves age particghe

di aneter of the abrasive grains is preferably 1000 nmor |ess, nore

preferabl préfenamiaehesgs sbiihl HREE EE@fEE@Bh¥mQOQeTHE§H L§S$he! N the
polishing pad, the abrasive grains are nmade preferably of at | east one
material pehaetedihgQURardd e i deof a polished object, caused by the
conventional polishing pad having a polishing layer of low
storageelasticmodulus,canbesolvedbyusinganmterialhaving
a higher storage elastic modulus (that is, at least 200 MPa)
than that of the conventional polishing layer.

The storage elastic modulus referred to in this invention
is comparable with elastic modulus in dynamic viscoelasticity,
and indicates the rigidity of a material subjected to dynamic
vibration or deformation. As shown in Fig. 5, a polishing pad
31 having such high storage elastic modulus undergoes less

deformation upon periodical deformation and is excellent in the

flatnessofaninsulatinglayer34betweenpatterns33inacircuit
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cerium oxi de, al um num oxi de, zirconiumoxide, ferric oxide, chronme oxide
and di anond. In the polishing pad, the content of abrasive grains in the
polishing layer is preferably 20 to 95~ by weight. Becaqagggbggﬁg@ygnt of
abrasive grains in the polishing |ayer is decreased, a sufficient polishing
rate cannot be achieved, and thus the content of the abrasive grains is
preferably not | ess than 20~ by wei ght, nore preferably not |ess than 40~
by weight, still nore preferably not | ess than 605 by weight, in order to
increase tLhe.Rehi shi ng LateniPBnkhetet-hgL saand, when the content of the
abrasive grains is increased, the ability to formthe polishing | ayer may
be deteriorated n F- T h . ent - qf abrasi ve
grains is prefe?%glgtﬁgfgﬁiSgggggﬁaﬁgggﬁu%yaae%gﬁt?Bg%sgagge%gpg I?gnot

hi gher than 20~ j still r ref er abl . pi ~ by
welght . 1 BiphezanvenodBad” tRedborrerile LpRek Tehip Shind d3ba852 Y

The average dianeter, of th ids i.s preferably 10 to 100 _urn. .Th
polishingggéétﬁgvpﬁ&u38ﬁd§%i% h&°3arPeReng v eﬁscgﬁtagﬁfﬁ&gu%agﬁgble and
hi gh polishing rate. The void dianeter (average dianeter) is§ nqgt

parti cul atipLtedit BRT RAD {4 SERFBOPH %SE%%%roéidwsl IR %‘@Of%ﬂt‘%}' & voi d
diameter is preferably 10 ~mor nore, nore preferably 20 -n or nore.
Further, WEBYComElugdiod Hadeet BRYi £ §eredsdgd + REds att®aSteE&9%of t he
polishing |ayer in contact wwth a material to be polished tends to be

decr eased elasd ifcomodeRiisy iagPae AR gRP BB # SPRAP T keSS t MORfoRF edicadPrler i s
preferably 100 ~xn or less, nore preferably 50 Eun or | ess. The proportion
of the voild$ GRat lsg gelsisshisitg Ulayerec dy e rabtlar di G8@ €& tL&I5ISy dgbending on
the material to be polished, and generally the content is about 5 to 40~ by
vol une, prefredailyarl0the $torbye \alastel bhawsdlos tiheppefesabhy 1y MPa The
polishing pad of this invention preferably conprises the polishing | ayer
forned onta paiBawemosehstefdmbIfhe OfdFaeo &R r affbei go bt sl nadlayex

pol yester sheet, i acryl sheet, ABS resin sheet, polycarbonate sheet or

vi nyl chl drd geefesaibl gheriyedifecpod § poiresubsFoatimdregzang théardorage
preferably a pol yester sheet. 30 F- P03019TB(SG The polishing pad

conpri si n@ 1tz iROhbaRLag bBaYEie boliehiony dapekyt®r2 KubFhr at encen, itheused.
The pol yner substrate is not particularly limted, but those described

above are prfle_fs@fialla Eayand PARHE G SFd BB NE of0d YaYike! £ S&RIE poros efmmabl e in
respect of adhesion, strength and environnental stress. In the polishing
pad, the tJy giness if 4 e dapldtghi ng | ayer
Inaddition to thepolishing layer havinga storageelastic
modulus of 200 MPa or more, the polishing pad preferably has
a cushion layer having lower storage elastic modulus than that
of thepolishinglayer. Whenthepolishinglayerhashighstorage
elastic modulus, the undulation and warp of a material to be
polished are increased, but by arranging a cushion layer, the
highly rigid polishing layer improves fitness for a material
to be polished, and the cushion layer absorbs the undulation
of thematerial tobepolished. Accordingly, evenif apolishing

layer having high storage modulus is used, the uniformity

(planarizing characteristics) of the polished surface of the
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is preferably 10 to 500 Vin. The polishing pad of this invention is
characterized in that a cushion | ayer of softer material than the polishing
layer is |am nated on a polyner substrate having the polg$ppgorBuRs) formed
thereon. In the polishing pad, the cushion layer is preferably 60 or |ess
in ternms of Asker C hardness. In the polishing pad, the cushion |ayer to be
| am nated is preferably a nonwoven fabric of polyester fibers , the
nonwoven fabri ci npregnated with pol yurethane resin,a pol yurethane resin

foam or g.pekyalhyd s omhedfl%%taatgbaaraegant'@ffhsw@aa@d%&lc
substrate supporting the resin layer (polishing |ayer) having abrasive

grains di B%lhi%g 6%‘%@8'&#@1&}‘&5?82 l'saHBE a%‘h‘@ %ﬂﬁ?{&fﬁe&#i@b‘%’a layer,

wher eby t e uni torm I'shing r on t & sUrface of

silicon wafer after oI hj V. i.n thIS
|nvent|0nanl%%' gra%F £% nQS1 %ggrl gﬂﬁé%%l% jgﬁ % laﬁggﬁggn drder to
secure the formt of t e mafer e c n _l.aye i nvention can
be a nonmﬁ\?&n{?%ﬁr{: 35F 39 UlVis ﬁ&s@i@?%f%%; ;f?‘)e‘?‘?etr gbﬁ &b@e@%%‘r "iBers or
t he nonwoven fabri ted with urethane resin_in or o realize
on Acker EiRieanesy BLEE ob s ST T RS ke r By oy bl eih¥k8 1 oot n

f oam or polyethylene resin foamis preferably used., The thickness of the
cushi on Ié@ePﬁﬁe§ot8fﬂgﬁFQVFh@lGHPFBFﬁPQyC@PrSSFF§HFﬁdCSand thus the
thickness is preferably in the range of 0.5 to 2 mm_1In the polishing pad,
the thickness ofntthe polishingregyet thisdnereatdery tspralifhéng lamet\Wien

t he adhesi on strength between the polishing |ayer and the polynmer substrate
in the polirsffiexrgbdadcPapekantneddii shifrossefaceesayernend kgride
remaining regions is preferably 90 or nore. In the polishing pad, the

pol ymer sulleyveratandhbetieckaisie bayetayerfarreed fuok gy eherahing wica rdmyg
adhesi ve or a doubl e-coated tape. The adhesion strength between the pol yner
subst r at e camgposhic ionshd e tayed wiirkht éme poy irslyisngapd dhiesbae ks bdallayex
strength of 600 g/cmor nore in a 180 peeling test. The polishing pad of
thi s i nvers @n dushfionnda yere fferateldy pattte rgrso ye phort dllic hpoiraphiyng | ayer .
The grooves are preferably lattice-shaped. The groove pitch is preferably

10 mm or | ess . Theeagtaouest atee podfiehdlldy padnt&ning ctlod radmstsihapedn The
depth of the grooveispreferably 300 Nmor nore. The polishing layer in the

pol i shi ng qeat rabddhboiravienthet 3% poffiBAAGPR $6) £ £68¢ oFea pizaGessem t 0
formgrooves . Wien the polishing layer do not have grooves , a wafer

sticks durifnguR®hi3BENGuEOcd i BAUISHINA L F¥8Eat20HENEE S By i ab1 &Y g€

frictional force, and there is the case where the wafer cannot be

"H'”ta'”eQﬂuﬁﬁgﬁ1%ﬁ@dﬂ%daﬂﬁéﬁﬁé¥%s, enables to form fine pattern, is
compatible with various materials to be polished, and is free
of burrs upon forming pattern.

In the polishing pad, the backside layer is formed
preferably from a curing composition to be cured with energy
rays, and the backside layer is a cushion layer formed pattern
by photolithography.

The action of the polishing pad thus constituted is that
pressure received by the polishing surface can be relieved

without separately laminatinga cushion layer, and the polishing

characteristics can be improved. Further, the polishing pad
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i npossi ble. The shape of the manufactured grooves in this invention
i ncludes, but is not limted to, shapes such as those of punched
hol e-shaped, radial grooves, l|atticed grooves, concentrikPO30¢bEBE@pPed
grooves, spiral grooves, arc-shaped grooves etc., preferably latticed or
concentric circle-shaped grooves . The depth of grooves in this invention
is preferably 300 ~,~rn or nore fromthe viewpoint of drainage, abrasion
dust discharge etc. Wien latticed grooves are forned in this invention, the
groove pikah b predetadlar 10wnsdd ot s eSthout et dshka tgr 6ve Phé adtdrs ofr eat er
than 10 nm the effect of the grooves forned is decreased, and the wafer
sticks as 1dgsehithed akaumionThgyERt el @henpkl Dgh Oh§PERENEB 4 Rushiidyent i on
is not particularly Iimted, and for exanple, formation of grooves by
grindi ng wtR aBEReY8gI5akBAg1Y 0L FRAA@M Pf e GF DOVESy D CHd iR iWhiihga net al
bite, formation of |asér grooves by a . g. a COz gas | aser, formation of
gr ooves bﬁa&%qgsing, before drying, the resin |ayer m xed with abrasive
grains against a nold, and formation of grooves by form ng a conplete
coating |layer a r.eSSsi i i : [ d I
F- PO3019TB( SO E(rlu éﬁg&@cﬁﬁ%%ﬁggf g%aﬂaﬂv&s%g@ |n§% g ggapssé’%t%ifc?rfa?ﬁc?m ng
the constituti of the,polishin d. . Fi i I aw W at a
heet ol Mg of oaPet TR donpbert O E oo o 2P St FRtl kR ey
attached is exposed to Light, to.forma_polishi | ayer. havi ng._a _.concave
penet r at edmidnatq??e(ﬁbﬁJrogectliagﬁrofa?%itg’l?mégganﬁﬁﬁ.Oggpg %O%Jr hhvx%rh% SHoW g t hat
a sheet mplding.,of a curing conposjitiQn to i ch ski mat eri al__was
attached i*@¥&¥pdSeBiPBeri ﬁﬂfif‘ ggef%?ﬁ‘??ﬁﬁss%\ffék%%?act sé]rcﬂeq(}fayaerpolai%i ng
| ayer form ng surface pattern thereon. Fig. 4 is a_draw ng show ng the step
of * f or mi nfFheucidderisacelht BEEANESEedRoPRTS| AghRIPRSRF Shebtthdl%iSg of a
curing conposition to forma polishing pad. Fig. 5 is a conceptual draw ng
showi ng that a ASCOTG4ING §ObBUR| G FE k5 4 g}h@f%ﬁﬁ bAoA 18 7y pad
of this invention. Fig. 6 is a conceptual drawing showing that a nateri al
to be pol irsHddhingphdsheding tthhagbopebhsh bralrais i BRilng paeel Bt bde for
Carrying Qut the Invention <[I] Polishing pad> The constitution of the
pol i shi ng ydd drsnighowd amEtgrial mMalidhied agithvim a poffehénge pal sLerhavi ng
a general 34

? height, and not necessitating sticking a cushion layer made of

another material on the attachment side for a platen. That is,
the polishing pad does not necessitate arranging a cushion layer
separately between the polishing pad and a platen by forming
a backside layer of low hardness at the side of the polishing
layer to which a platen is attached. When the difference in
hardness is less than 3, the resulting pad necessitates
lamination with a cushion layer made of another material, as
required in the prior art.

The backside layer may be formed such that its hardness
is decreased continuously from the polishing layer to the side
attached to the platen, or the backside layer may be constituted

tobeamulti-layer structure inwhich the hardness of the surface
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F- PO3019TB(SG constitution consisting of a polishing |layer 42 and a
cushion layer 45 . Fig. 1 (b) shows a polishing |ayer 42 having a polishing
surface layer 43 and a backside |ayer 44 formed froma sh@eB0noTB(I® of a
curing conposition to be cured by irradiation with energy rays, and the
polishing |layer 42 can be used as a polishing pad when the backside |ayer
44 has characteristics as a cushion layer. Fig. 1(c) shows an exanple of a
pol i shing pad having a cushion |ayer 45 |am nated at the side of the

backsi de lbZyefie 44 dK3 ildee1 8P+ SH A RN ert ssevit tacHdd tolfipg plhiten
formation of the polishing |ayer or the polishing pad in this invention by

using an QRrek g¥hé At A2¢hiateo £ AMOREHHIR, rédifo NV rd¥heayadleatdd VRyer
conposition contains an initiator and an energy ray-reactive conpound. The

- €Ner gy gyl SRACIHKR tGMRAUNG MRY RBe tolotheled $@irid+eRer Gy kY cheaskl ve
pol ymer conpoundor al i qui dener gyray-reacti vé conpound, and preferably the

1 quid engroyy gy L3achivE.EeaRaUDs {HE DL, SORL Al v R S0liL RANATR:
conmpound (‘pol'ymer resin) . en it is rendered insoluble in a solvent by
energy r ax:%a’t (?Prtﬂetn{lﬁds.l.%l 1‘9 f&?r Saé;artaiys',r @ﬁ‘%ﬁo‘a ?(fsﬁgleYWefﬂgﬁ%lfﬂ%o%{j the
l'iquid energy ray-reactive 6%npohn are ‘used preterab as the energy
ray-reactive conpoungd. in.order to achieve. rapi - i i £ r rays .
(HereinafP@FF%Fﬁg'eng?ﬁyd%%ﬁg?%%% fV%%?gﬁﬁgéﬁdgﬁgggﬁéogge é%?%%ﬂ%gﬁ%%

phot oset ti C ound.) _Th olid ntjoned.in this ipventipn refers to the
bne. whi ch 19T ote FRRAPE Gt DeS b e HTTINH € FRPebact o thet DFE? 35 1

F- P03019TB(SG causing a material to spread wwth tine on.a flat rface .
Rubber andhR SE88 A&t Fhe STBEAHLAY D & UGS ERd W P SHIE S |
under the scope of_solid in this invention. The soljd energy. ray-curing
conposi ti &f &hetppsishiRGRash anrg Bheohpotres &f FP@ebB?k?Fﬂgd]rqxg%tmarYoom
tenperature and causing chem cal reaction particularly palynerization
reacti on HpveEnetgyst &fe same hagdngy sraRd iafdriregass it s tha&Eiton
include visible rays, U/ rays, electron beam ArF laser light, KrF |aser

| i ght et c.orAbatheofeibegyotbghing ineg eanprundedsped BPLyshhed mdifes& ting
conpound, conpounds capabl e of polynerization and crosslinking reaction by
| i ght can Whenslzel owitelimot tlsurfaatd bayeapddideoretermost gegisddedayaters or
m xtures thereof can be used. Such conpoundsi ncl ude pol yval ent

al cohol ( meidveathy kame statdrey s ane handiners snagt hibe £ b dtag)dnesymoady Ciretnhi)datlrey | at e,
(nmeth) acrylate having a benzene ring in the nolecule thereof , and

pol yoxyal kydyene ipol ¢edr (treiththaeryt ahe, taad thesd faeecneedialloneirgrss n
conbi nation thereof. The (neth)acrylates include, for exanple, the

fol | ow ng LrmENgs a diler padnned ek raheeBUaGradratRe Olutermost surface

nmet hacr yl at ei ncl udes,

or backside layer and the middle layer.

It is preferable that the above-described polishing pad
attains the above difference in hardness by applying energy rays
and/or heat to a sheet having the polishing layer and the backside
layer each formed froma curing composition, sothat thepolishing
pad having the predetermineddifference inhardness canbe easily
produced.

The phrase “applying energy rays and/or heat” refers to
irradiating energy rays or heat to the sheet of an unreacted

curing composition, to cure it so as to attain the predetermined
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for exanple, diethyleneglycol dinethacrylate, tetraethylene

gl ycol di acryl at e, hexapr opyl enegl ycol di acryl ate, tri net hyl ol propane
triacrylate, pentaerythritol triacrylate, 1,6-hexanedi ol,@na6f

1, 9- nonanedi ol diacryl ate, dipentaerythritol pentaacrylé?gb%61§&gkﬁm
trimet hyl ol propane 36 F- PO3019TB(SG trinethacryl ate, oligobutadi enedi ol
di acrylate, lauryl nethacrylate, polyethyl eneglycol diacrylate,

N, N-di met hyl am nopropyl net hacryl am de, tri nmet hyl ol propane triacrylate and
tri methyl %li%rf%!}%?%et{ﬂ Lﬁﬁfiw'd%%;%ndﬁ or. F§cﬁ oRCT VAL RS draglyde, for
exanpl e, 2,2-Dbi s(4-nethacryl oxyethoxypheny pr opane,

2,2-bis(4-a | oxyet hox enyl )., pr td] | ol pan

nonogl yci dycrge %&ér%é{%sf 18%'10‘%(:’1%&)’%3( ﬁg?‘%ggﬁy {a{egg%gﬁé’%%g@r%yl a?%,e cgrntrOl
derivative roduced by esterifyin hydr oxyl . group,_of or .

bi sphenol RFepleh?dr's ‘?ﬁ§b%%%%u g%§§“¥88Pﬁ¥8%gﬁﬁghBIW%%E%Hu%%b§§ﬂFbsin)
with acrylic acid or nethacrylic acid, etc. The t.h) acrylate . having a
benzene r@ﬁ&‘iﬁntﬁ%enﬁpééupé R i to Pﬁb&@dé??tﬁgﬁﬁéfghﬂFé%qH§%}ﬁﬁiecular
unsat urated pol yesters such as condensates of phthalic anhydri de-neopentyl
gl ycol - aciopridd Hang, SEER. aThid {50y Atk fREREYpBRY DI YTtk yn drde

i ncl udes, for exanple,_nethoxygglyethylenegl col acrylate, nethoxy

pol ypr opyle&fegl yeeMlaciycatbe RERRBRYPONGHr @byt em W YRDICHRPAFAGP at e,
phenoxypol yet hyl enegl ycol acryl ate, phenoxy pol yethyl enegl ycol _

met hacr yl &ted.eqiiasogppoPpenspysedle af pcphoder§nateator, or regulating
phenoxypol ypr opyl enegl ycol nethacryl ate, nonyl phenoxypol yet hyl enegl ycol
acryl at e, tien@nsheriex p fpdihep copyposeedisy dal  thet lvacey loft @nergy rays.

nonyl phenoxypr opyl ene gl ycol acrylate and nonyl phenoxypol ypr opyl enegl ycol

met hacryl ate, etlo. tB€ po FE-4H0R04 pBE( 856 tHis d npreefteoah| &tnbserafreataitdee- based

curing conpounds, particularly urethane-based (neth)acryl ate conpounds are
used i n plaea dhe Qo lticgater] ayerh ardhe hab haekseda drage r( rrteh )faxmedat es.
The uret hane-based curing conpounds are obtained by reacting a

mul ti f unctdanalmdusieg Andoogae BEEROEAEMWERE Sam®|iisiaey avadp sticireund and
a vinyl polynerizable conpound having an active hydrogen group. As the

pol yi socyanat e (S@rahoanﬁow@ﬁih?Ltsédlguatﬂelgm;eﬁehga@ibasﬁg Taye AGaredrgaund,
conpounds known in the field of pol yurethane can be used w t hout

|imitati ony, psyplies, dheididfed NHHHOR HREY Call IO QLANALLHIDHIL RS
2,4-toluene diisocyanate (TDI) and4, 4'-di phenyl net hane di'i socyanate (M),
The compressibilityof thepolishinglayer inthepolishing
pad is preferably 0.5% ormore in consideration of the cushioning
characteristics of the polishing layer. It is more preferably
1.5% or more. The compression recovery of the polishing layer
is preferably 50% or more in consideration of the cushioning
characteristics of the polishing layer.
The polishing layer can be foamed by mechanical foaming
or chemical foaming to improve its elastic modulus.
Preferably, the surface of the polishing layer is formed
grooves through which slurry used in polishing flows.

Preferably, the surface of the polishing layer is formed

grooves in which slurry used in polishing is stored.
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al i phatic or alicyclic diisocyanate such as hexanet hyl ene diisocyanate and
i sophorone diisocyanate, and xylyl ene diisocyanate. The vinyl pol ynerizabl e
conmpound havi ng an active hydrogen group constituting theRodetbaBesdGased
curing conpoundi ncl udes, for exanple, conmpounds having a hydroxyl group and
an ethylenically unsaturated group, such as 2-hydroxyethyl acrylate and

2- hydroxypropyl acrylate. The multifunctional active hydrogen conpound
constituting the urethane-based curing conpound includes, for exanple, a

| ow- nol ecul ar pekydkrauch , ahsahdydengl gbyeeheand peepyteneugtye alated

pol yoxypr opyl ene pol yol having a nol ecul ar wei ght of 400 to 8000, polyether
pol yol s sgh adgy1R@lsy @upeitiultene 038 preciBi3Rl I hBSaheatycol  and

pol yoxyt et ranet hyl ene pol yol obtained by ring-opening of a cyclic ether

such as et hyl enengxi desedy QRYLENSLOXirden AEthEHIH mﬁw@ap@m@me@t er
pol yol conposed of a dicarboxylic acid such as adipic acid, azelaic acid or

phthalic agich Wity 8 g eHinend, oo ¥?x§§:§6t@9£¥8&%r@ﬂ@a@€h¥%ﬁ%’?ﬁtn%

pol yol s as polyners pr oduced g@y ring-openi ng of |actones such

J%}ZS"L?L?‘ aedRE, 15 ?a%gégo?‘e :?fo 3 yE" Ct:m?‘*%%sf B R ERE S ;‘?n coa%"'eii! on’
char acter i g ag o aLBBS6s Yhelane: based £uid o, ¢RIRANAGS, Y. hipdised G one or

asamxtur tV\D OI’ nore conpounds In C rrstics.

t hane- based d h duced f h t hod
exerml 111 S Ex‘trn'g(”%f“i%p(’#&a% i coRons U A B hastar s | a

gl ycol and a diisocyanate co are reacted in such a ratio that the
i socyanat €°§PSHsa 095%% ’ equi val ent rat|0|s 2 to
forman NCQ-tern nated ymer and then a ﬁ@ ound havi n E%droxyl

re

group and ‘@n épﬁyﬁéﬁpcﬁgl?BBﬁ§aP9rEP%dsﬁ?%Ed“% et NI
prepol ynmer are reacted in an NCO OH ratio of 1. A conpound havi ng a
hydroxyl dretyseam@dar icemyoenitiarrpfunsar thates Eﬁ%tﬁpldtmlal idodPsnat e
conmpound are reacted in an NCOCH ratio of 2, to forma conmpound having an
NCO gr oup s tamadidiyiderdinc & |p lyiegdt,urd@ded group, and then this conpound
and a polyol conpound are reacted in an NCOOOH ratio of 1. 39
F- PO3019TBE3GEhAss tére afr demaneprbagethe whasf modgdnade ftéeverie radd atamrer ci al
products such as UA-306H, UA-306T, UA-101H, Actilane 167, Actilane 270 and
Acti | ane 200:h AKERGS CHEN, CAbSpartwhathy caemdee ptled erabing uegosition

with a solvent thereby forming an surface pattern at least one

side.

Such a production method is a photolithographic method,

and according to the photolithographic method, there can be

produced a polishing pad which is free of quality variation

resulting from an individual variation, easily enables a change

surface patterns, enables to form fine surface pattern, is

compatible with various materials to be polished, and is free

of burrs in forming a surface pattern.

The method of producing the polishing pad comprising the

polishing surface layer and the backside layer formed

continuously into one body from the curing composition to be
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As the liquid light-reactive conpound, the one effecting chem cal reaction
by Iight can be used without limtation, and for inproving sensitivity, the
conmpound having photosensitive groups at higher density FipoBoeoms{sEul e
thereof is preferably used. The conpound wherein the density

of phot osensitive groups is 30 weight %or nore is preferable. Exanples

t hereof include, but are not limted to, C7 or |ess alkyl diol

di mret hacryl ate, trinethyl ol propane trinethacrylate, and di pentaerythritol
hexaacryl aligedTResE dnditd ¥ rdaly@hl sr o€t & vee £DPPO WY Badiagusied ddeOriE nati on
with a solid polynmer conmpound. The solid polymer conpoundi spreferably

asol i dl i gori@agt hVEn £SOt YO heOBROYRY: cdiiBoSOtidnl, | &kiios Bag tihee speleter
conpound used as a material constituting the curing conposition can be used

wi t hout | iyt é“nlaf&?u'd?;s{ﬂfa%ér%l'%o ehlkeefSrapsmaal dé@é%b@ﬂﬁb&’hé isgldler and
exanpl es thereof include: a polyner conprising a conpound aV|ng an active

et hyl ene gl O&Psﬁélx‘?é‘ ?{do bgfgcﬁleérfﬁﬁgkgSs‘éBWr}%bB}ang'i‘E G oGl N

chain or side chain o sat urat ed pol yester

havi ng p°|y%h@%gdﬂ %g%%%&%_%%%r%o%henylene di acrylic acid pol ycondensat ed
wth egcoI an aV|ng C|nnanyI|dene acetic acid with polyvinyl

al cohol , and a Bgrl YHES 3 %M Qghaleca sucfoggrg'sgl%ﬁf@orphqgh t:[e'r\ﬁeoglrouD

such as C|nnanDy group, CI nnahny ene group, cone reS| i'socoumarin

o duo, ERERGTATRRE Hhago ?&ﬁ?ﬂ(‘?ggﬂée’?tég’u%%%g f%'s”' “w%a%&@@m nto

a main chain or.side chain_of thg $ ymer 20 a g mer havi .di azo
group or éz?‘d%hb?%@ﬁ e D BGRECTH %dd'nn‘é‘i“ﬁ SHRR VISR G RS "he
polymer; that is, p- di azodi phenyl am ne/ p-fornal dehyde condensate, a

benzenedl@?@n@&h@@w(ﬁﬁ§ﬁflanlno) phosphat e/ f or mal dehyde condensate, a

met hoxybenzenedi azodi um 4- (phenyl am no) salt adduct/fornmal dehyde

condensat e, pol yFineystep £4 g8perzanr ey poldshdsgct §var Eetdghtarrd they

pol ymer having a phenol ester introduced into a main chain or side chain of
t he pol ymsitent afitexrgsingdhegneachaideg awe utoat Lot st wheborr ckedewtdoubl e
bond such as (neth)acryloyl group introduced into the polyner; unsaturated
pol yest er ,seprgatterlat,ear pok wistasanay bearsiatuirtamed ysdlyyexip oesd pollyigdrtyl i c
acid having an unsaturated carbon-carbon doubl e bondi ntroduced via an ester
| i nkage into a dindeéhehaebhod dhermpaurdonyithe pol tshiepgxyadcropratisingovol ak
acrylate etc. A variety of photosensitive polyimdes, photosensitive

pol yam de ta@i gophehosgnka té v @anpotyamataistidie lagd rphenodd esint icapusd yused in
conmbi nation wth the azide conpound. Epoxy resin and a pol yam de having a
chem cal @ERSRId Dked oHid Bodftwd drie igABhalnsadie dised dhe seDbinahg Ayt h a

photo ration polynerization 41

is higher than the hardness of the backside layer, and the
difference in hardness in Shore D hardness is 3 or more, it is
preferable that the difference in hardness is given preferably
by applying energy rays and/or heat to the sheet molding of the
curing composition.

The polishing pad of this invention can be used alone
without a cushion layer, but can be laminated with a sheet, a
nonwoven fabric or a woven fabric having compression

characteristics different from those of the polishing layer.

Another aspect of this invention relates to a polishing
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F- PO3019TB(SG initiator. Natural rubber, synthetic rubber, and cyclized
rubber can be used in conbination with the bisazide conpound. When the
curing conposition is used to produce the polishing pad giposRi§Th ntion
a photo-initiator is added to the curing conposition in a pre#era e node.
As the initiator, a conmpound which upon irradiation with energy rays,
absorbs the rays to undergo cl eavage etc. thus generating pol ynerizable
active species thereby initiating polynerization reaction etc. can be used

w t hout | it ati ; e i WNit | [ 1
photo-cro?gpi%é?ﬁg?sgﬁgggéﬁ%ft?a%ﬁ%%l%ﬁ%%%%§1@ner??gtééhﬁ%Pé |é§?er’
pol ymeri zation,..rati I i.Zzat | . .ank.an 1@ i OR)

Changi ng_ CRaTACSeRdera SR R PB2:alRna HRLLY T o Rk Ph oA e £ a0, g
t hose generating an acid by. light. The.li radi cal pal | zatiqn
initiator %\ﬁﬁe%s rlag?se?%s¥h%m\%ila ilHist?/f c%f0 %?%fr(%%%eh%n%gﬁee ﬁ%é)& &S the
|'i ght source includes, for ampl e, ,aromatic ketones enzpi ns, z

der | vat | vEdasiheloaRbS 4 AR RuShBRy bRy bEsE RIS Pag) BT R T Bhazi de
conpounds etc. Specifically, the follow ng conpounds are nentioned:
Aromatic POLdFELN%DdRYEFhenone, 4, 4' - bi s(di met hyl ami no) benzophenone,

4, 4" -bi s(di et hyl am no) benzophenone, oo

4- et hoxy- 4' - di et ﬁyPéﬁ?ﬁéBEE?o‘ﬁﬁ@ﬁoﬁ%,the polishing pad, the surface
2-benzy|-2-dinethylanino-l-(4-nqrpholinophenylﬁ-butan-l-one, 2- et hyl

ant hr aqui ®én&heppehislh hrEnkRYRE Hen®revd degowlth. gnaoueT B udHe #AGHHS :

nmet hyl benzoin, ethyl benzoin etc. Benzyl derivatives: benzyl di nethyl ket al
etc. | m dsdolrey: ugedolr Hodrighiewy f)loyss- dllpﬁémtlheirnpéaferébéﬁmqle of

2- (o-chl or ophenyl ) -4, 5-di (m et hoxyphenyl ) i m dazol e di nmer,

2- (o- f | uortdyshiesy/l §h #inGprpHerfie snt Bagelod thepplishing layer is provided

2- (o- et hoxyphenyl ) - 4, 5- di phenyl i m dazol e di ner,

2- ( p- met horygbhgmpbye4d, b dilpldngllurmydaged eirdipedrishing is stored. The

2- (2, 4-di net hoxyphenyl ) -4, 5-di phenyl i m dazole dinmer etc. Acridine
derivati vemtediphenyl bagdldished 1s7phd 8Ly acskfliaphfiubeptranef € @r The
above-nenti oned photo-initiators can be used al one orin conbination

t hereof . TEhepamuntumefimase flotaddiisiion Ans tadarhtss preferably about
0.001 to 200 by weight relative to the curing conposition. The cation
photo-initiator o Reliudesanhose QPRI ibFJ tAN sAGind et ilond e 1 al6aMles

t hereof include an aryl diazoniumsalt,

di aryl i odopj1unialy 54 Yoresulshi ygﬁqligh&5?aiy§é@5ﬁa%bg&side layer,

sal t, di al kyl phenacyl sul f oni unsal't, di al kyl - 4- hydr oxyphenyl sul foni'um salt,

Su'fonate@ﬂé?%kf@?%%%d%%ﬂﬁ%ygkhéb%ﬁ@ghlﬁgﬂg§%W%ﬁamﬁk§ﬁa@kgidelayer
are formed continuously into one body, and the hardness of the
polishing layer ishigher thanthehardness of thebackside layer,
and the difference in hardness in Shore D hardness is 3 or more.

In the polishing pad, it is preferable that the surface
of thepolishinglayeris formedwithgrooves throughwhichslurry
used in polishing flows.

In the polishing pad, it is preferable that the surface
of the polishing layer is formed with grooves in which slurry
used in polishing is stored.

In the polishing pad, it is preferable that the material
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The solid polymer constituting the curing conposition in this invention can
al so be added to inprove nechanical characteristics of the polishing pad,
such as el astic nodulus (Young's nodul us), bul k hardnessg_ ddy ity
and conpression recovery and to reduce a change with tin%l?ﬁﬂﬁ%@%ﬁ%%

F- PO3019TB(SG thickness of the polishing pad before the photo-reaction.
Exanpl est her eof include pol y(neth)acryl ate, pol yvi nyl al cohol

pol yest er, pol yam de, pol yur et hane, pol yi m de, pol yam dei m de, pol ycarbonate,

pol yol efi i, gidchoasRokY el hlene. And, ROLLRLEBKLERR o 2AGLERTPON LS dher eof

and m xtures thereo but e solid polyner is not limted I nsofar as the

above- mentj gned. qhj ect. gﬂ%c@ﬁs YR fsitc-‘l; o he curing conposition, a
y ¢ "and a she

comer ci al” product” may be used, et - shaped curing conposition
conmer ci al avai | abl e .as a phat gsensi ti.ve .sheet. can al so be used. The

met hod of Jp[?ic]d%sr}fglotnhéla‘B’c‘?‘lri %rn?]lea é’rhUSS|lrr11§ tpﬁedgener gy ray-curing
conposition of is inyention forped surface, pattern by t ol i t hography is
ostribed by r eFBPoREBREan: RAYAFahP hthe gt SLIG AT e S BHERed it L or o
of the pol.,ishi | ayer in the | i shi pad. The, sheet nolding .1 made of
Che. cur | nd TBREGAT Lona | Tbr e HHWALE S08URREHSRETY (HHH Sk 35 ber
film3. The cover film3 is irradiated via a masking material Mwth a

pr edet er ni%fedl RRvokihing 1I’3‘|'Y&I17tarl‘_c.1 arReshasr tayek oFP@ea ket 28 dshi éﬂhd’itng
region M5 and a |ight-perneable region MP so as to forma predeterm ned
surface pdtheerGPmPLHs PN iLffCVierVadisatilon 0ra MAght exposure region 1S and
non- exposed region 1H are formed . When the curing conposition is a

negat i ve- wor ki ngncdgosivishden tlayexontdeyesdsd Ae€gisowvardaitdoneddved by a
solvent etc. (devel opnent step) , whereby a polishing layer 1 with desired
44 F- POIQIPEB(ESG m oddateertamied iy, f aoe fdiet evanos fodr medipiresmitdne sheet
nol di ng. When the polishing pad of this invention is a non-foam a sticking
phenonenorcheomerte diethisesn duee fooliimsts meg. grad rarsd ver yoliiss Hedr ,metnek itdle such as
a wafer, a glass plate etc. ( and for exanple, the wafer during polishing

may be detiafliedkrideomfi resfidxalgssiatd. cisadtibe pobeésht nge dashding droam
the probl em of the sticking phenonmenon between the polishing pad and the

pol i shed raeeidalli stamda dyeducee bBhireducdd.obabl y because when the
polishing pad is a foam the surface of the polishing |ayer has a | arge

nunber of fine poesulshibhned agle rt B rMeO$ARIsh inQY Yad %&d@@ﬂéﬁl&he
friction with the material polished is reduced, thus reducing the problem
of stickiRgmprises a compound having rubber elasticity.
The surface (at the platen attachment side) of the cushion
layer for the polishing pad is preferably formed pattern.
By subjecting the platen attachment side to forming to
form protrusions, grooves etc., its area is reduced. Strain
loaded can thereby be increased to increase compression strain,
thus increasing compressibility.
The surface pattern is conducted preferably to form a
groove structure or a half-tone dot structure.
If the Shore D hardness of the polishing surface side of

the pad is less than 50, the hardness of the polishing surface

is too low, while if the compressibility is 2.0% or more, there
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Based on this phenonenon, the friction coefficient of the polishing pad
with a glass under a certain | oading was exam ned, and as a result it was
found that even if the polishing pad is a non-foam the # f the
sticki ng phenonenon between the polishing pad and a poligﬁgﬁb%é?%§¥§I such
as wafer and glass plate can be prevented preferably by formng a pattern
on the polishing surface such that the static friction coefficient is 1.49
or less, and the dynamic friction coefficient is 1.27 or less. The effect
of the forned L. Shi [ ol i shing
step wit hénl%? %Pg%‘%gtgﬁgn‘gpg%g%@%és%@g%’?%{ 3?‘2%9‘%@ ]éjr?é'sg?%g% arsétctél%%c erein
because a%bisivel r%ins abr aded %%%%V%&c.ignnskyrr £Are,§ec g%l%%%d in
pores on the x5 E—Pﬁ@ﬁfﬁf@ﬁé@? pollshlﬁg Suffac® uring polrshing, to
reduce the polishing rate, the.polishi surface is dressed at certain

i nterval s A\ _ﬁegoﬁggg ﬁﬁ&?ﬁ&a PEs "G g%aFﬁgsgp‘dianDnd deposited thereon
to renew the polishing surface . Even |f the polishing pad of thi

invention i s us@d 88€alaPr8ssthP R POPT IR MPHAFSI T hatT H&‘ptri?é’edféjé’si ng
step, the effect of the friction coefficient is maintained. However, the
above dreddici§asiey thrildstirnaiithe BPLishhapIsidaccedEt thasuditace of
polishing to inprove the flatness of the polishing pad. The polishing pad

i s obt ai n&@ifpEkvhdsi AgWeredpol AerPRGITPGer heyRIA PrUEIdsHE YTy &r
serving as a cushion layer. In the exanple shown in Fig. 2, the concave
regi on i nushiompdsyed patingregsendheacesprassiphline Pul ioohiprgsisdypsy , and

is suitable for exanple for formng hole. Fig. 3 illustrates a formng
surface patcovenyetisodesmiitraisl.e for form ng groove . The sheet nolding 11
simlar to that in Fig. 2, is forned between a substrate film 13 and a

cover film 17, ahe thehitediaymd donghevpbhishéngasdd od bl erdinalenMiatt ached
to the formed side and with no masking filmat the side of the substrate
filmil3, ipreddiaddd has 99%t orAmdrize cimgher eafs ildne retestergt.e film 13, a cured
| ayer 15 exposed wholly to light is formed, while at the side of the cover

film1l7 , g mgn-saxpesed feegipyl ikbHmnegaai> i ght - exposed region 11S are
formed, to give a polishing |l ayer 11 having concave 11S and convex 11H

through a devel aprenrt uSteP rretNolliiGht ng PadvdirChmdE ink=RR3GRITB(SY the
substrate film13 is to be irradiated is regulated so as to forma cured

| ayer 15 ofyjargsdeterm ned thickness. The depth of the forned concave is not
limted and can be determ ned suitably dependi ng on intended use ,

materials etc . A polishing pad having a polishing layer having abrasive

grains dispersed in a resin, characterized in that the resin
is aresin contains ionic groups in the range of 20 to 1500 eq/ton.
The resin forming the polishing layer constituting the
polishing pad of this invention has ionic groups in an amount
of 20 to 1500 eg/ton and can incorporate abrasive grains in a
stably dispersed state to form a composite, and even if abrasive
grains are contained at high density, the resin can reduce
scratches resulting from aggregation of the abrasive grains.
Further, the ionic groups of the resin are water—-soluble or
water-dispersible, andbywater suppliedinthepolishingprocess,

the affinity for amaterial tobe polished is improved to increase
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and preferably the depth of the concave is regulated to be 100 ~m (0.1 mm)
or nore within 2/3 of the thickness of the pad. The depth of the concave
can al so be regul ated by devel opment. Production of the peljsphphgd@yer was
described in the exanpl e descri bed above, and the backsignggggr gg%a
cushion | ayer can al so be provided with a forned pattern in the sane
manner. I n the production nmethod in Fig. 2, the polishing pad provided with
a cushion layer is produced by using a known backing naterial in place of
the substrgte follli@g% rfa%ren%'fdvec'oyexwi%il%opoafi!sﬂqn hla%aketRd A¥sUSi Ng a
known pollshlﬁb pad 1n place of the substrate film5 and a nmaterial as the
curing co [ I . for i ushi - .pal i shing
ayer 1 andond skt Padin e Rt rol i pEPeSmPeg S Rt FRYEt el BB RT,

| ayer . The m ddl e | ayer nay be fornmed b Uy | the_curin i~tjon
used i n tHTE FROSRE G 18P IRy eTaRE PARG SR S oo L ine® RO enThg

using NS RET olTshing-l ayer

i's produc b he nmet hod shown in F.g. 3 after the substrate . filmis
reIeased,%ghgéﬁgppsﬁfnﬂofﬁye?ofﬁ %%%%g¥$bbY:£§bcﬁq{%ﬁgléﬂb§¥¥%ﬁ%3%ﬁﬂﬁ%i n
Fig. 2, to forma shee& giqg, and then th back%ide Iager can be forned
by the mef¥d& BREHATARLE 400 2474PD OF.BRBY19 FRE {onAC FRRP SR T8 anpl e
of a polishing |Iayer conposed of a polishing surface | ayer, and a backsi de

| ayer . THIPSTEREFH t%?\ﬂ\%é‘eﬁrﬁﬂj]t}lﬁliﬁntﬁbf’rd"a%cﬁq dhPRGT AL hATY R§CE™MSS i shing
surface | ayer and a backsi de Iager formed continuously into one body forned
surface pawceskronchoeRdsities thehamawebtofplehig BB URLPATFEFEHPYNg t he
polishing pad is conposed of a |ayer serving as the polishing surface | ayer
21 and a Ithperesénviagorsfehabhnoksitde 158PeedsBon, aneirdartie ig sl ofup he
sheet nolding is covered with cover filns 26 and 28 . A masking material M
with a formed 200r fea/ecopat tsarinl 1s wiorab lper eff@rafily pe itohilid Os eof/dom .i s
attached to the cover film26 on the surface form ng the polishing surface
| ayer 21 , whil @nathepkilhghimieaidsl tiresth fardmedchspolaskipgtliagrear
suitable for the backside layer is attached to the cover film 28 on the
surface fargmangolifeshagksedenl aypa 2Be, rabio td Hbweit iwldlidarbokydxrosed
via the masking materials ML and M2 to light L and then devel oped to form

the polishidi@gPad. tid whidile &stak%pmc ddiai sehbdnehest coms €i Bgtisg ithadi at ed
with energy rays , and then dissolved in a solvent to forma surface

pattern. R Jddad aldam W hret@h@h1hA%D rdlerse dis rid@t hod of irradiating
a desired surface pattern directly with |aser rays and intense energy rays

or a method of I paliNGAne 'féﬁegfotﬂmifrjdfM@yii@n%rﬂ&’@@&m@y

i nper neabl e regi ons corresponding to the surface pattern and then

irradiati &qr&i%f,ugaa%ﬁowﬁeéiwaﬁg Be IOV bliY%Se FYILEEEerifdAd] ati on

under vacuum

is preferable in that ionic groups can be easily introduced.
In consideration of the polishing properties of the surface of
the polishing layer, the glass transition temperature of the
resin forming the polishing layer is preferably 10°C or more,

more preferably 20 to 90°C. For example, when the content of

aromatic dicarboxylic acids in the whole carboxylic acid

component constituting the polyester resin is 40 mol-% or more,
the glass transition temperature can be in the above-defined
range. The content of the aromatic dicarboxylic acids is more

preferably 60 mol-% or more.
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48 F- P03019TB(SG al so be conducted to inprove the adhesi on between the
filmand the sheet nolding. In the irradiation with energy rays ( the ot her
side than the surface constituting the pattern can be |rﬁq§B %@BFQ

energy rays and photoset to thickness not influencing the dept

pattern. A polishing pad having suitable hardness balance with a hardness
gradient in the thickness direction of the pad can also be forned by

regul ating irradiation intensity on the front surface and backside surface.

In this inventigpe bBEﬁH&HB' }ﬁé&yOPftﬁﬂe Perdeenle 1£9 Yo1iiknaAveRl 1 S
made different fron1that of e inperneable region by chem cal reactlon

W th e”er%més n#a g&ieéégéflcﬂ ?’fné%f@:éc’aféldx)’%ed& (J?le'dtl eers%‘?i yent. The

sol vent i s not urta e the materia

used. DEpencr“egg Orlcltlhrac erizége r?qc}} ecntthfeognal?lrrgﬁg f&ﬁr}%%tl dltso a
certain terrpera ur é ITDI’OVE e e | Cl ency of rermva e SU ace

pattern of th |ncI des .cylind |ca onv coni c. canvex

Ponvex. cPoRSLEPareb e i matal Loiee 0 RETaY S arae 1o M Rape ritlﬁer eof |
and t he concave a ex s Wi dt, itch apd de are not limted,
and the ot #ﬁaﬁexsaﬁ%ﬁc&#@éq@ EEIF‘BEP%théﬁEE%FﬁgS’o‘?]e P ons
such as the hardness and el astic characteristics _of a polished material,

the size, °¢hape éﬁ&lﬁaﬂénéSQO&Wm§5r§§lﬁ@ddFéﬁanle§F&FP§l&sé@nogﬁﬁsthe

har dness and el astic characteristics of a |ayer other 49 F- P03019TB( SG
than the SOMISHNAGY Aysrophitie fagetdrrall SFoNRSe. Wen the polishing pad
of this invention is a non-foam there occurs sticking between the
pol i shing pad aA#teappdiisbhad patdepfathbuchneentiomiis @ Pgligdsing @€ etc. |
and there may arise a problem such as detachnment of the wafer during

pol i shi ng hfavdmd pelfisking dezed. hywiéngt derpeive hireipadisperfeshmn whe
surface of the polishing |ayer has a | arge nunber of fine pores fluffed at
t he m cr oxesdn; lobaelactey iwleidcint Hdaftr itdtel o iwm tdhatime ofattére alesdol ilshed i s
reduced, thus reducing the problemof sticking. Accordingly, the friction
coef fi ci eplol1gfesttad Ppolyshe tigapadtasicddion aghasge side lcon tedmliaignat dadistg was
examned in this invention, and as a result, it was found that a surface

pattern ag mying azomladtiiccd da ebdon toaklidcireiheafholed8adbokessciatid
preferable for solving the problem described above. The above result also

applies i RdnpRrReid Shhdgnst LRINEhR9H At HE 8% iR0i Sheb1 gdeassing st ep
refers to a step wher ei n because abr asi ve grains, abraded dust etc. in
slurry arggolymerizable monomers containing hydrophilic functional
groups.
Preferably, the specific gravity of the resin forming the
polishing layer in the polishing pad is in the range of 1.05
to 1.35, and the glass transition temperature is 10°C or more.
For producing a viscosity polishing surface to achieve
good polishing, it is preferable that the specific gravity of
the resin forming the polishing layer is in the range of 1.05
to 1.35, and the glass transition temperature is 10°C or more.
Inthepolishingpad, the resin forming the polishing layer

is preferably a mixture of a resin having a glass transition

temperature of 60°C or more and a resin having a glass transition
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accunul ated in pores on the polishing surface during polishing, to reduce
the polishing rate, the polishing surface is dressed at certain intervals
with a head having abrasive grains of dianond deposi teddﬁ_@%@gquB g6y enew
the polishing surface. Even if the polishing pad is used as a dress-free
polishing pad elimnating the dressing step, the effect of the friction
coefficient is maintained. However, the above dressing step does not

i ncl ude dressing 50 F- P03019TB(SG conducted at the start of polishing to
i mprove t I f e~polishing pad. During polishing, clogging on

t he surfaggglfpﬁgtt#gﬁ:% %afn%raalgogjéej??ge%ijced by washing with a brush or washing
w th high-press - i LodLE ST . L . The
transmttance o#hgkﬁg?%%%%%gg?g%E?%B?%\}Zlﬁtqsgeﬁlfgt?g?%gq\f\}a‘?%qei’]tel-r%gth of
energy ra IS 4P [ 1 % or en t Nyt ceds |less
t han 1~, %!L%'egﬁgl gﬁ?gt g%%ggg%y 8# ?i%g?£§§ei¥l¥s]u ilgeleaegnt{, anéélttlﬁ}s%tflhe
reaction cannot p£§c§ed suffri cie tI‘yi. | n ttl'ui S it-[]:}/aeﬁ]ti on nttrée ré%tar%%q:eof

pr oduci ngrteﬁémﬁdll f n]gs’pgd ﬁib?ﬁ@ﬁar&ﬁﬁr%r%ﬁée Tt SE RS REER  he
polishing | ayer and the surface regiaon constituting the backside |ayer or a
ni ddl e r e§ifof0 AT MO TR P UL B8L R P VAT 9 ASFe L ERR P hEL €8 HSE®IeTRdH IS or
exanpl e the conposition containing an energy ray-curing conpound or a

t her moset 1iENg0 Lo wFoliRgs - i e ogHaethavrel Hy havd nabpl g4 ars drangy tigys

and/ or heat to the sheet nolding. Specifically, the pad of this invention
can be prdenpedaipnecgdl 60 1thgremergyis aygednd tisegpathdgchay heeshraadt i on
and curing of the curing conposition. The nethod of nmaking a difference in
har dness ledt Weeiinke fpdty S ngnddyhe coatiipticapasitstmutaybe shgiimdadee
conposition containing the energy ray-curing conpound can be carried out

f or exanplsedes sr,egubeheon tefwiimkidisacn checondiadens Wheatpraky the destiensi ty
and irradiation tinme of energy rays such as irradiation 51 F- P0O3019TB( SG
| i ght andher ie@nbr@laes tinditinaitenpece tafret BE 30Td Bg Tespass tusaal, I n the
met hod of regulating transmttance, the irradiation intensity is decreased
as the irriad aba@ingnelgyacayis ehicled lperebuatitd & nostibky enerfyce to
irradiation region into the inside of the sheet nolding are absorbed little
by littl e iindreaske dhay @i caidnalenre saetint e sdighfidrieaea 1iyn dairdssy | nki ng
reacti on between the polishing | ayer nearer to the energy source and the
backsi de lpyarshSWd,aed a8\ fgetd REm Aid f@16e gol imeGhani cal physi cal
properties such as hardness etc.

Accordingly, at least two resins having different glass
transition temperatures should be mixed with good balance.

One of the two resins preferably has a glass transition
temperature of 50°C or more, and the other resin preferably has
a glass transition temperature of 20°C or less. When the
polishing layer is formed from only the resin having a glass
transition temperature of 50°C ormore, the surfaceof its coating
undergoes cracking during drying to fail to give a good coating.

The average diameter of abrasive grains in the polishing
pad is preferably 5 to 1000 nm.

The abrasive grains are preferably fine abrasive grains

whose average particlediameter is 5to 1000 nm. When the average
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By adding the additives or by regulating the refractive index of each
conponent in the conposition, the transmttance of the curing conposition
can be regul ated, while by changing |ight energy anong tﬁupoggqg@ﬁgk”e
| ayers thus nmaking a difference in crosslinking reaction anong t ayers,
mechani cal characteristics such as hardness and conpression characteristics
of the polishing |ayer can be nmade different fromthose of the other |ayer.
Accordi ngly, the polishing pad conprising a 1-layer sheet provided with
both a polj.shiiRgcl a¥@he?Bd arcysli aBrhAYCE ¢2Ri%at sl Kook saur f age
har dness and cushi oni ng characteristics, to’inprove the planarization and
uni formty: .er:l gl i rewsth. ; | S hi , he
%i8hed STRLGLS! LROLLSA LRE' PULLA n i P AL ﬁgor?ﬁg mdYf v

nol di ng she pr o Ing a polishing layer constituti e polishing

pad, can ??%%Q%gsirg%gdb‘go ﬂa)ﬂenﬂikgﬁ%gi%r&%%é B.Rr{ihe-tt E%g}kg&{?%ﬁ%‘%ftl g%'ﬁ a

sheet nol a conventi ona orm ng e n osefting it
ith 52 - PO3019TB( SG h UV " .
A Lornat | GBS, ShE GXREPE GPBECobT A HEUSH boot | i 4 ST i tPne

conposi tion. Wen . the solvent is used as qne nponent in the curi,

Composi t1 81 S EPREPIHant SROPEIMRFS s TRGEnBAChy ERPAVAG L HE FEdfa v& 111
conponent sand renpvi ng _t hesol vent under reduced pressure, The solvent may
al so be r BREFeBTEY SdAYLNg 28f PEY OFoFREE on"oF™ t RS shebt shbrdi HgYebr before
or after curing. The thickness of the polishing pad is determ ned _suitably
dependi ng CORTRES NG eRde§ 1Se IARE NSs NAFE D A tledgcany erageevaFpLELet he
thickness is used in the range of 0. 1 to 10 nm The thickness of the

pol i shi ngdgameterigresen dnPeabisying kay ok may s By ble digran ¥e afetglsliplo. 3 to
5 mm When the backside |ayer is separately arranged, the thickness of the
pol i shi ngplcdyeheds gnetangbile avetage muticlrdéapetéercdbtlye @bZaisdve nm
still nore preferably 0.3 to 2 mm In a preferable node, the polishing

| ayer is boaded ist prafehebilyndlad ngmodr thes cumone qomgiesiabilon Sf00amed by
mechani cal foam ng or chem cal foam ng and then subjected to |ight

irradi ati or dedsdeseliopmmotret pridenad liyoaged nmayer 1eklse cover filmor the
substrate is a filmnmde of an energy ray-perneable material not
interfering wthnl icpbt peipeslihg. palde €beeabiakivandrbhiassubst matle fil m may
be the sane or different. The substrate nay be a thin one simlar to a film

or a thiclrererkibie ¢ Bkasdd £t Bhatntytekhity usabberbhlfAdH s SUDsbh alka dencl udes
a known resin film for exanple PET film polyamde film 53

ahrgﬁ019T%%§§hmpekXH€tdslﬁhhﬁhmaéﬁﬂaé,rfffébﬁiﬁﬁnofEHdpnﬂﬁﬁhﬁn%doeqletC-
chrome oxide and diamond.

In the polishing pad, the content of abrasive grains in
the polishing layer is preferably 20 to 95% by weight.

Because the content of abrasive grains in the polishing
layer is decreased, a sufficient polishing rate cannot be
achieved, and thus the content of the abrasive grains is
preferably not less than 20% by weight, more preferably not less
than 40% by weight, still more preferably not less than 60% by
weight, in order to increase the polishing rate. On the other

hand, when the content of the abrasive grains is increased, the

ability to form the polishing layer may be deteriorated, and
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are subjected if necessary to releasing treatnent. Both sides of the sheet
nol ding may be covered with a film fnlhen the sheet nolding is not sticky
and is free of problens such as staining or adhesion Oflﬁp%bb?§ﬁb¥3 ttached
masking material, the cover filmor the substrate filmmay no used. The
cover filmis preferably coated with an antistatic agent for preventing
static electricity fromoccurring upon rel easing thefilmthusmaki ng

contam nation with dust difficult. The surface pattern shape , width (
pitch and t [ | i m and. [ f pe is
sel ected &gggn |%§8828%8n%ﬂtlhggasb suc J%grtgﬁésﬁ%%%&g?%%&QZf%’é%?gi@?
characteristi of amaterial to _be_polished, the si e and rdness
of abrasi&@aaraf%EYﬁﬁ%9%%7%9{%BE?fgﬁab?Hé“ﬁé?le%%E%E%E e as¥ﬁglg%%’
characteristics _of a_| ayer her than the i shi_ng, |l ayer. in the case of a
Ianinate.séﬁlﬁopﬁfﬁgpfﬁ e§ﬁ%ﬁ¥c€° agﬁg%ﬁroggﬁﬁegaglp¥hlﬁdghﬁyer, it is
possible to inprove the fluyidit f slurry, tqQ inprove the_ retention of

S urry and to | HBr e B hLae Pade e eresoanss TOT E HF SR TAIE B % he
polishing layer. Form ng surface pattern of the backside |ayer can give

sui t abl e ¥Q4HPoni hge A zrRIe dianeier ot hbepuekds dbs IRERTCTHNY Fd it&hi ng

| ayer in the polishing pad of this invention can be fornmed fromthe curing
conposi ti dQ0cHmt-ai ning a thernosetting conpound to be cured by reaction
with heat. The 54 F- P03019TB(SG nethod of making the hardness of the

pol i shi ng | ayer THefpekishing padt having vdislssinftdeepof ishénbabksdtieahnayer or
that of a mddle region, each using the thernbsetting conposition, can be
carried oachigveont sbhbilagattiehoghnpel yshindewsd tappllhed viod d kid acermeasi ti on
and by varying the quantity of applied heat, there occurs in a differencein
cr ossl i nki(ageregetd immdisinjeennat piagiticeipelgtluine treehl lont o achdeviagr egi on
recei ving much heat) and a | owtenperature region, to nake a difference in

nmechani calh 9BYB16 3o PG ir@keSUEReao TRIAANGRS dNekehet \ELAL 1 N um
t hernosetting conmpound can be used wi thout any particular limtation

i nsof ar a%rCIHJ_Sj:QE rﬁoe@é:g'&e@e%gqysz@w_@étwge. Bxamihest hGhepltidigude epoxy
resi nsuch asbi sphenol epoxy resin, bisphenol F epoxy resin', phenol

novol ak epgxmneiasi As ¢he88hsBQVOLRK SPOXYah€fA], alesd & PRXHo1ESHInget her
epoxy resin, urethane-nodified epoxy resin, alicyclic epoxy resin having a

skel eton such asna LYeheRexans dheYehangntadigngqqn chlewotingSke! gkon,

hydant oi n epoxy resin and am no epoxy resin, naleimde resin, isocyanate

gr oup- contaicy B%.e%?”BBH“@or”EEﬁg;wfn eéii{'jh%r?g%ﬂﬁﬂﬁﬁj §a 3 3’%}1@’[\/0& Si N

These are used singly or In co natron t napre e node, the
ther moset 1,08 831 3s' 3-430aBE %1 6" [N% L OTROS] L (kM. 1 Gy Ao agent
or less. The propeortion of the voids in the polishing layer
can be determined suitably depending on the material to be
polished, and generally the content is about 5 to 40% by volume,
preferably 10 to 30% by volume based on the polishing layer.
The polishing pad of this invention preferably comprises
the polishing layer formed on a polymer substrate.
The polymer substrate is preferably a polyester sheet,
acryl sheet, ABS resin sheet, polycarbonate sheet or vinyl

chloride resin sheet. The polymer substrate is particularly

preferably a polyester sheet.
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Exanpl es of the curing agent include, but are not limted to, aromatic
am ne conpounds such as bis (4-am nophenyl) sulfone,

bi s(4-am nophenone) net hane, 1, 5-di am ne naphthal ene, 55 p_dg3ge39BH®( SO
p- phenyl ene di am ne, m phenyl ene di am ne, o- phenyl ene di am ne,

2, 6-di chl oro-1, 4- benzenedi am ne, 1, 3-di (p-am nophenyl) propane and

m xyl yl ene di am ne, al i phati ¢ am ne conpounds such as et hyl ene di am ne,
di et hyl ene triam ne, tetraethylene pentam ne, diethylam nopropyl am ne,

hexanet hyl ene dipgqi }?Sligﬁﬂﬁ&r}%@i&mp%’siirﬁoﬁhgrﬂgﬁigﬁ% M&yer formed

bi s(4-am no- 3- net hyl di cycl ohexyl ) nét hane,” pol ynet hyl ene di"fam ne and

s(4-an no- 3. dr cyc ofe ki | i i
Qodecyl s 8esnpBEg e A e P e T A e
al | phat ¢ gl danhudbidsy sugh s PexahudaRalLG e an

met hyl hexahy C nay aromati1 ¢ aci €s such asphthalic
anhydride, triorel Li.ti c_anhydri.de,.benzophenone tetracarboxylic

Anhydr | doERERAFERI ey SRGIHAN S M Bhs By es tot SRedTYS krereranle
glyceroltristrinellitate, phenol resin, am no r%Fin,urea resin, | am ne
resin, di dyar@S®ficte %nd i'n& EERIGTIN LD ERVEELTE Snt&S Slrewi saci d
and Brensted aci d, pol ynercapt an conpounds, .isocyanate and, bl ock i socyanate

compounds. Thesécth$ RGLA§BARY RAfly CREIthiGIRARSOLIsRPLEERINS diavad] y
depending on the thernosetting resin used. For the purpose of inprovenent
of pol i shiirsg prexffemadaiycd 0 itppré\deMent of mechani cal characteristics,

i mprovenent of processability, etc., the curing conposition to be cured by
heating or ener §per a9sishingi Bad mierithiien inganbeobohp cthriearigr ek ddar y

Wi th abrasive grains and other various additives. 56 F- P03019TB( SG
Exanpl e ofthatea addittiiore$ayaclafdeo fhef matebaritesl, thivh dthsopbbi shingtliayteat i ¢
agents, pignents ( fillers ( polyner resin not be cured by |ight or heat,

t hi ckener d,s heatinptkynen iaz abilgmeirnduliss t0a e dtaciritheéhabpabi stelgy diaysrar e
vari ed depending on the polished material and include, but are not limted
to, a fewfomwd ltssrdfdme particles of silicon oxide (silica), alum num
oxide (alum na) and ceriumoxide (ceria). Wien it is preferable that the

pol i shing | ayer 1gi0€REenNsd 1 ietvenp@aes, theadssiudisied dyvert e podfshampy leyer are
preferably solid beads etc. In the invention described above, the sheet

mol di ng | $Preducsd, Be4s RF aseraln6eaiddyg nethod and a sheet form ng
nmet hod. As a general coating nethod, use can be nade of coating nethods of
using a doctor biA¢aeOpo3PLRIAGPAANY Bfd @usHRldn Mdyer to be laminated
ispreferably anonwoven fabric of polyester fibers, the nonwoven
fabric impregnatedwithpolyurethane resin, apolyurethaneresin
foam, or a polyethylene resin foam.

In this invention, the polymer substrate supporting the
resin layer (polishing layer) having abrasive grains dispersed
therein is further laminatedwith a softer cushion layer, whereby
the uniformity of the polishing rate on the whole surface of
a silicon wafer after polishing is improved. The cushion layer
used in this invention is preferably 60 or less in terms of Asker

C hardness in order to secure the uniformity of the wafer. The

cushion layer of this invention can be a nonwoven fabric of
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or dissolution of the conposition in a solvent . The sheet form ng nethod

i ncl udes known sheet nol di ng nmet hods such as extrusion nolding thorough a
die, calendering etc. by using a pressing machine, pressF_rF;y:sloa_gq\BgSG)under
heating. In this invention, the sheet nolding can be used in various forns.
For exanple, the sheet nolding can be used in the formof a sheet, disk,
belt, roll or tape. The formis determ ned preferably depending on the node
of polishing. Wien the sheet nolding is forned by applying the curing
conpositi 1 Vi i r i Ite% .Qcess
may conpr ?Jggtf%ﬁ%%s}t%g%gg%%g%?g?c}ﬁﬁsggg %@%@q I%gl??%lfgé[r%%is%;l hot o-al&rﬁatci at or,
alight-r i Co:d N t i C t.s, and
renovi ng Sﬁgths%?\l/gﬁggg}efgg??eosr”{afl f Z?J;S%)%{g::gnﬁ?ggg%gn I ﬁ‘élﬂgﬁ ?%qﬁ%l%téand
mechani cal djiti usedq, .pol-i_shi p ' 1S ] ' e

| am nat ed Ov%ict%ﬁ g}r:lojf)%%?' sheepquiﬁ%@%gﬁr’l gg&sgé%gﬁé?fé%n{" 2%%% e?qoaarﬁg)té)gﬁi oni ng
| ayer having higher conpressibility th t hat of the polishi ad d a

| ayer haviFRg VR ONEE 8 AEE0E ORI LB RART Y BPofhe Bofi S PR Snd
giving rigidity to the polishin ad. The cushionjng | ayer, havi ng hi gher
conpr essi BitlS £YSRAGR ]ﬁ"}%tr ) SP%%%%%HP&@J%%O?%@%&& ?%%?lﬁl’?%ar"f‘émguch as
f oamed pol yur et hane, foaned pol yet hyl ene andf oanmed rubber, non-foaned

pol ymer s &ber thhekngaa oI PERLe%ARIY din R srRGeeRET BbPi € % Mbonwoven
fabric inpregnated with resin, a fluffed cloth etc. By |am nating such a
cushi oni ng | ayedn thRPQALBHLROIBADT thepdrickie P diiapot Askingdévirad at

the mcroscopic level is inproved. The |ayer having higher elastic nodul us

t han t hat icf pred epalbilyhi2®® ped tan@ gmvi ng rigidity to the polishing pad
includes resin filnms and sheets of polyethylene terephthal ate, nylon,

pol ycar bonat e, phleyptopyhdhesipol gyvrepdtihbetveen pod ypadlmdhidend agierori de
and pol yacrylate, and netal foils of alum num copper and stainless steel .
By | am natanag thechoaymegi sulb styeste airpahes ped ishtian phdchs deanpiremeritred from
bei ng over-polishing in the periphery thereof, and the polishing

pl anari zatd eroekcatpodsshethamaufbed! ohadnid iy Weghiohy Dé pgresedly
materials can be inproved. 58 F- P03019TB(SG For inproving planarization
and for sequrdmgnddee uniformty of polishing rate, a layer giving rigidity
is preferably | am nated between the cushion | ayer and the polishing pad of

this invention. mscidigol @5hRat ik, Metdpgdl yARradyduraine 4kd had ST AN
adhesi ve or a doubl e-tacked tape or by thermal fusion can be used. Insofar

as the pO'ﬂa%}Hxngrlea%ﬁck/g:f@PeP%i?Wi@ aRadafbst beSot Ny e -has @ $t or age
el astic nodulus of 200 MPa or nore, the material for formng the polishing
layer is nofpgarticularly limted. Exanples of the formng material include
pol yester resin, polyurethane resin, polyether resin, acryl resin, ABS

resin, pol ycarbagal 6anesi By OkranbLeik aledese p3iis: Ak phoLosepsi tive

resin. Anong these, polyester resin, polyurethane resin phot osetti ng

51120 LSRR L DBl 1550 Lol TR LY G300 8L 3 P o

at | east one er ‘se ol'yva car boxylic a ng
di car boxyl i g)l ds, and their ester-faorm ngﬁderi vatives and at | east one
ct

menber sel% HEH 53 PPt & dHol BePAEPEdERG gl ycol s or at | east one
menber sel ected _from hydroxycarboxy|i¢c acids and theLr ester-form

Gor tvat i ves.  or T BOLLFRIBU A SEahALE AT St &F Fuhat FE Bt by
pol ycondensati on thereof . The dicarboxylic acids include, for exanple,

sat ur at ed ‘“1‘]'55'{ PRSI 29 a@d% €xal i ¢ acid, mal onic acid,

The grooves are preferably lattice-shaped. The groove
pitch is preferably 10 mm or less. The grooves are preferably
concentriccircle-shaped. Thedepthof thegroove ispreferably

300 pm or more.

The polishing layer in the polishing pad of this invention
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59 F- P0O3019TB(SG succinic acid, glutaric acid, adipic acid, pinelic
acid, suberic acid, azelaic acid, sebacic acid, decane dicarboxylic aci d,
dodecane di carboxylic acid, t et radecane dlcarboxyllc aci gpdae ﬁ?ﬂﬁ

di carboxylic acid, 1, 3- cyclobutane di carboxylic acid, 1, cyclope ane

di carboxylic acid, 1,2-cyclohexane dicarboxylic acid, 1.3-cyclohexane

di carboxylic acid, 1,4-cyc|ohexane di car boxylic acid,2,5-norbornane

di carboxylic acid and dinmer acid, or ester-form ng derivatives thereof,

unsat ur at edfa [ asf C nd
Taconi o cerare gt LE %%dm‘fﬁ% %??’éﬁ?fvesﬂ%erés?ﬁbgﬁ%ﬁ%?% 1%%1%%
dlcarboxyll aci ds such as or I|c aci d hth aci.d
E RO earRar R %”9 PPsREh B Bt s r%l&gha&
[

terephthallc acid
1, 3- napht hal ene_di carbo lic ac 1,4 napht hal ene di car I|c a

T 5 napht HAVETeE 0l SEHTRACH FETdor 9% S Thadii: EhEe ar@a{wﬁ%ﬁé

2, 7- napht hal ene di ca box %IC aC|d 4, 4" - blghenﬁ di car boxylic aC|d

4, 4" - bi ph&WA© %‘F’F% IBSQW‘P& l%fc’i“alnli a0eli pHetR rakt ‘érp°d1léé’rll5’z%<yl ic
acid, 1, 2- bls(phenoxy)ethane p, p' -di carboxylic acid, panoi ¢ aci d and

ant hr acend™POSSid:ey| | hgcFhapsr oEsthe- FBPHﬁﬁﬁtHé?ﬂvﬁFP9§§stH@rEBFS
Particularly preferable anong these dicarboxylic acids are terephthalic
acid and ﬁ@ﬁﬁ%@néﬂaieaﬁﬁo%}m ésae® LigEtEd tir arshpe B sHEphe hdhase

di carboxylic acid. Polyval ent carbgméjlc aci dsot her than these dicarboxylic

aci ds i nclafd@®usichgse hodiecahismed i ¢agdiad, gnogysse theitdaiassk Lo ves

F- P03019TB(SG acid, butane tetracarboxylic acid, pyronellitic acid,
trinelIitiqpnnannrﬂn*bﬁesﬁe—ahhdgdsgnpevﬁﬂb-@pph@hyjrQqnesuxaﬂnrqhanﬁdacid,
and ester-form ng derivatives thereof. The glycols include aliphatic

gl ycol s suphhaesthyl energfycadld  12tpriemd enecahyentrile J-ipraipHstraped
gl ycol , di et hyl ene glycol, triethylene glycol, 1,2-butylene glycol,

1, 3- but yl enrecglesc.ol The, Bebth Wiegeoghgsoln thid bhotrghenengl y galefeladblgent ane
di ol , neopentyl glycol, 1,6-hexane diol, 1,2-cyclohexane diol,

1, 3-cycl ofygppaip di-Ohoréd. AreMCEREEX 8igt.ofl, @r&%@emﬁ&?mﬁwl

1, 3-cycl ohexane di net hanol, 1, 4-cycl ohexane di net hanol, 1, 4- cyclohexane

di et hanol dikcHrdRe awRE . hylieas mbiwbedlgiaodegeaaeefdmled pal ypiBylene
gl ycol, polytrinmethylene glycol and pol ytetranethylene glycol, and aromatic

gl yool SSquv%?f{)ﬁ_Qj}qudh@ Eobdvé' plcﬁé}yqrsp%i@f@?QBPQllO mm or less. When
1, 4- bls(~|-hydroxyethoxy benzene ((3-hydroxyet hoxyphenyl )

sul fone, ki OXHP B, ( o) le) I
bi s(p- hydroxypﬁg q§ netEgﬂ%ig?€%P%haniﬁrﬁ?o%ﬁ%ﬁ%ﬁg éfhgﬁg gisphenol A

bi sphenol f%rn?eo?l@aBQEP%LEg& dAbrF& e GaeiCaks éVé%‘Qieeéé‘rYi'x? apgAe added
to the above glycols . Prefefable anong these glycols are ethylene glycol
and 1, 4- bl’itﬁélrﬁ‘\éll.ehgéxgma'klnggrooves inthisinventionisnotparticularly
limited, and for example, formation of grooves by grinding with
abrasive grains, formation of grooves by cutting with a metal
bite, formationof lasergroovesbye.g. aC0,;gas laser, formation
of grooves by pressing, before drying, the resin layer mixed
with abrasive grains against a mold, and formation of grooves

by forming a complete coating layer and then pressing it against

a grooved mold.
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Pol yval ent al cohols other than these glycols include trinethylol nethane,
trimethylol ethane, trinethylol propane, pentaerythritol, glycerol, hexane
triol etc. The hydroxycarboxylic acids include |actic aCFQJO%ileI‘iBgS@)l

F- P03019TB(SG acid, malic acid, tartaric acid, hydroxyacetic acid,

3- hydroxybutyric acid, p-hydoroxybenzoic acid, p-(2-hydroxyethoxy)benzoic
aci d, 4-hydroxycyl ohexane carboxylic acid, or ester-formng derivatives

t hereof . The cyclic estersincludeE-caprol act one, ( 3- propi ol act one,

~i - met hyl - (3- propi ol act omg,; & WAlRMAAGINS s Bealdgde, |actide etc.

(Pol yurethane resin) The pol yurethane resin is obtained by reacting

pol yi socyanate with Rolikol, apd+iibnNeaesILY thet Rodsthaim iS4t @3dehe The
pol yuret hane resin may be obtained by reacting all the conponents

si mul tane?)lés_tli%hqr &D)baw_epari ng an i socyanate-term nated urethane

prepol ynerfrom polyisocyanate and polyol , and then reacting a chain
extender with the prepal r al yur-et han esjn. LS _pr rahl. he one
obt ai ned by rea?tlgﬁgfgsc%glgﬁw%&lggﬁggvrm\yﬂ {.lﬁa F'i‘eseﬂ‘és%%‘g%g 8: tog%icﬁl?tlec?[

ur et hane prepol yner. The polyisocyanate includes, for exanple, 2,4- and/or
2 6 a1 S0t AR RS B e a TSETY BadRs 4d s atabt At satisred

nmet hane, 1, 5-napht hal ene dii sqcyanate - and m phenyl ene dii socyanat e,

di nel 1yl di9 $68%5nat® IoFR 3 S Ji”s%&?éiﬁﬁt VIt D ReNYPCAY A PG at e,
1,3- and 1,4-tetranethyl xylidine diisocyanate, tetranethyl ene diisocyanate,
1, 6- hexanmstthyihenh&igigdddarcdt &higddessret hyl ene dii socyanate,

cycl ohexane-1,3 62 F-P03019TB(SG and 1, 4-dii socyanate, '

1- i socyanat o- 3- Fd@cyhhgtpAEaNINg I HWENG thet kysheskmehaiage{ & qugdpibr one
di i socyanate), bis-(4-isocyanatocyclohexyl) methane (= hydrogenated M),
2- and 4- icogpparidticsy tb oegh anasbiony madesdpd! whe it arbeldahe expa®eshd

1, 4-bi s- (i socyanat onet hyl ) - cycl ohexane,

bi s- (4-i sdeydrigthd-,3-tretfopc yudieo renylacengtatadieeretof.  Zhpopdbhingcyamare i s
sel ect ed depending on the pot life required in injection nolding, and the
Vi scosi ty fafrntigy issodfisarea tperttterrm rdteackauar.et hane prepol yner shoul d be | ow,
and thus these pol yi socyanates are used singly or as a m xture of two or
nore thereof. Tlragnokyoksa iduedwidey kihghwinmndhleowtspl €€ uf urmixod ywalrsfa s

pattern both sides of a single~layer sheet molding of a curing
composition to form a polishing pad.

Fig. 5 is a conceptual drawing showing that a material
to be polished is polished with the polishing pad of this
invention.

Fig. 6 is a conceptual drawing showing that a material

to be polished is polished with a conventional polishing pad.

Best Mode for Carrying Out the Invention
<[I] Polishing pad>

The constitution of the polishing pad is shown in Fig.

Fig. 1(a) shows a polishing pad 41 having a general
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t he pol yol, a high-nol ecular polyol is generally used. The hi gh-nol ecul ar ]
pol yol includes, for exanple, hydroxy-term nated pol yester, polyether,

pol ycar bonat e, pol yester carbonate, polyether carbonate, F@@Inqg@ggx%nlde
etc. The hydroxy-term nated pol yester includes reaction pro ucts

di val ent al cohol with dibasic carboxylic acid, and for inproving hydrolysis
resi stance, the length of the ester linkage is preferably |onger, and thus
a conbi nation of |ong-chain conponents is desired. The dival ent alcohol is

not parti %%%It'l)éult'l%t Sgns%‘élﬁ?%@'ae%otﬂl%fh%‘hf '1Q9le¥d@2e$11ﬁ"ae%%s91'1)6%0'
1,3- and 1, 2-propyl ene glycol , 3- and 2, 3-butyl ene gl ycol

1,6- hexa”% aY XS i sl ndh 9l shl 9 é?lﬁ( 8%%’15%'}1191'&‘30'
3% hanol Qﬁ g %h ro M?

cyclohexane cycI
2- net hyl d th t
2, 294 ¥r|§5tﬁp%%p%§eﬁeh?§ 8“8r§| %f%@?gfn 3$y%glféF%ﬁ%n; eneaSheet
I |, t ., t I I tyl I Th
ol Yool Ry RiLeneedl ookt LROPH ETE 8L Heol e ) Byt plene, dlycel, enc. The

het er ocycl i c carboxylic acids, and the aliphatic and alzﬁgcll ones are
pr ef er abl EMESIYEkY gaﬁdﬁﬂﬁﬁPﬁﬁSBFn9ﬁ§Y 0¢$ SARRE VERPHiaHR 88 1ds&iRhe
prepol ymer or for reducing its nelt viscosity, and when the aromatic ones

are used, PeReyharEhsbachrérer srsr idd ’é%ﬁtﬁh?d—”taﬁ)’cr?%sctrf-%ﬁ PEhAaGUshdern

allcycllc ones . These carboxyllc acids include, but are not |limted to,

di mer al i plaaeite aBids sleh ows can reeamriel, ofach Al igdiidg pasehiay iag d,

azel aic acid, sebacic acid, phthalic acid, |sophthaI|c aci d, terephthallc
aci d, naplt hasbhendl@mbcﬁéfllia@ia@rt@si eyctm@éai@eoéi the Hm@hﬁiﬁ%diad’e(ro-, m,
p-), and oleic acid. The hydroxy-term nated pol yester can have a part of a
car boxyl tdr Ainnahegmpolg.shiag deyepl d2 phlopestier §Figf. [lddone such as
~-caprol act one or hydroxycarboxylic acid such as E-hydroxycaproic acid can
al so be used. The hydmakyeterfirithat pdlpshyryheyemnclrutke pehicthiony preaduct s
of a starting conpound having a reactive hydrogen atomw th, for exanple,
an al kyl eriey exi dei rsuit iasn elyhys eng aoxede rgpr opy+ edec oXi e edmpod iarien ,

oxi de, styrene oxi de, tetrahydrofuran or epichlorohydrin or a m xture of

t hese al kydhenenexpgesay-ddgcbive donpBHIhATdH SOh tatiast &AL COTOLE dnavi ng a
reacti ve hydrogen atomincl udes water , bisphenol A and the dival ent

al cohol s tasxe@de&ggr Qdyclreittafve RRPEHNKY - TRENEAALE eayyeéaetw;he
hydr oxy-t erm nat polycarbonate includes, for exanple, reaction products

of diol sygihpdunk $aRf RARE Wied! 'a solid energy ray-reactive polymer

compoundoraliquidenergy ray-reactive compound, andpreferably
the liquid energy ray—reactive compound further contains a solid
polymer compound (polymer resin). Whenit is renderedinsoluble
in a solvent by energy rays, both the solid energy ray-reactive
polymer compound and the liquid energy ray-reactive compound
are used preferably as the energy ray-reactive compound in order
to achieve rapid reaction with energy rays. (Hereinafter, the
energy ray-reactive compound is also referred to as photosetting
compound.)

The solid mentioned in this invention refers to the one

which is not fluidic at 25°C, and fluidity refers to the one
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1, 4-butane diol, 1,6-hexanedi ol diethylene glycol, polyethylene glycol,
propyl ene glycol and/or polytetranethylene glycol, wth phosgene, diallyl
carbonate ( for exanpl e di phenyl carbonate) or cyclic caﬁggﬂgquéfigr
exanpl e propyl ene carbonate). The | ow nol ecul ar pol yol includes the

di val ent al cohols used in production of the hydroxy-term nated pol yester.
The chain extender is a conpound having at |east 2 active hydrogen atons at
the term nal thereof. The conpound includes organic di am ne conpounds and
the above-auTeral Gl bousa Tl SCPLBRARANOL Sme AIPR ¢ 1LRCSE: CAIPOURIDD LN
organi ¢ di am ne “conpounds are preterable. Tﬁe organi ¢ di am ne conpounds

i ncl ude, L m , 3 -di.C 4.4 - di am i I

nmet hane, gh%5$%§%$€%%%#%%%%?Fe%nﬁgzﬁ?5$EH| %é%%gPphégyﬁgkggﬁ%ﬁ€$Q%ll

1, 2- bi s(2-ami nophenyl t hi 0) et hane, .trinethyl en | ycol - di - p- am nobenzoat e
and 3, 5- bidREt %3’191 ry?icé’)"-ez%? £8) ﬁenénditgﬁﬁsné.nvfﬁlécqﬁ%’l'i shing pad of this

i nvention has a %ushion Iaéer in addition to the Eoli%y'ng l.a ert.The

cushi on | ayer i<P6§55°1¥ PRSETYERYSEUY HIH ASTRYSAFLPRL ojb]B YN HEof the
pol i shing surface of the polishing |ayer. The storage el asti¢ nodyl us of
this cushiidr® FRFRPSESiPHiered AhfF et tarat ﬁ@oﬁ‘oﬁ%"&ﬁgﬁ?gtqna%/%ﬁ CRYE 1% hi on

| ayer is not particularly limted insofar as it has a | ower storage elastic
nodul us t IFREMLUSRL SeacHd oo iadtilsy Ladyler PORYARF1eS tivar &SR GHONUSY a
nonwoven fabric or a nonwoven fabric inpregnated with resin, such as a

pol yest er eReREy & visabr Thej apeegharadswehepspgutet hRnER1polPHERTEEE| n
foanms such as pol yurethane foam and pol yet hyl enef oam rubber-1i ke resinsuch
asbut adi ed@cluisiser iahbilsoprehe Wubbes, svde phiopnh@adi t AVE Fasen limhtthe
cushion | ayer, the one achieving its characteristics satisfactorily is

sui tabl y $elFedtaerddierindi mgcon the type of an intended material to be
pol i shed and polishing conditions . Formation of the polishing | ayer and
cushion | ayer i snahepanieiroy aklyy cliriinige docapdunar ieepeciedly dche be used.
For exanple, the layer is formed by applying the starting materials onto a
subst r at e phtttodetitithd Bébodhe, Sdhticiaids caphbllef polymerpatiomared to,
pol ymer substrates nade of resins based on pol yester, polyam de, polyim de,
pol yam de dr¥s#a.iraGhyY regekhshase 1 iRty ehhydeneedpel yips@pyl iedie,a gidy,ol ef i n,
pol yvi nyl chl oride, polycarbonate, phenol or urethane. Among these

material s.ard RRNKARKE!, bilhigoreede , 0bolohyuest 8t meRthrés Piefesphlsn fgoom the
vi ewpoi nt of adhesion, strength, and envi ronnental stress. The thickness of

the substraly i s sHEHUdmp ARRIY i mOLide gég%ybﬂenir he cepali (i tmBthad i ot

particularly limted, and dip coating,
(acrylate and/or methacrylate), epoxy(meth)acrylate,

(meth) acrylate having a benzene ring in the molecule thereof,
and polyoxyalkylene polyol (meth)acrylate, and these are used
alone or in combination thereof. The (meth)acrylates include,
for example, the following compounds:

The polyvalent alcohol acrylate or methacrylate includes,
for example, diethyleneglycol dimethacrylate, tetraethylene
glycoldiacrylate, hexapropyleneglycoldiacrylate, trimethylol
propane triacrylate, pentaerythritol triacrylate,
1l,6-hexanediol diacrylate, 1,9-nonanediol diacrylate,

dipentaerythritol pentaacrylate, trimethylolpropane
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F- PO3019TB(SG brush coating, roll coating, spraying and other various
printing nmethods can be used. Each |ayer can be fornmed by nolding with a
predeternm ned casting nold or by meking a sheet with a cplpeadedTBEG)
extruder or a pressing nmachine. In the above case, the thickness of the
polishing layer or the cushion layer is varied depending on rigidity
necessary for the polishing pad, its intended use etc. and is thus not
limted, but generally the thickness of the polishing layer is usually
about 0. 3, igeZndhyaBdet he1tRLENRESS Ok dlile %H%Q&?ﬁah%Xeﬁab§ bout 0.5 to
2 mm The polishing layer is stuck on the cushion layer usually via a

doubl e-ta I n st cki |.ivs by r, O he . ,.9n | ayer,
the subst Faiboread s T B ee Sach Ay e o ot s vEEEs o b ST TR, TS
When t he l.i_shi I ' tuck. o ' r such
as a nidd%&lhgggr%Xéﬁ%gﬁgéﬁﬁ;%ﬁgﬁﬁéhééﬁégéﬁééﬁég+€%§%gﬁggggpféF%%%?hg on a
pl aten may he uck on the cushion.layer. _Further, the polishing |ayer in

t he poIis%Fﬁ&e§§588ﬂpfﬁpgnfn&@ﬁpﬁ§ﬁaféyﬁﬁgférggfy free of voids, and it is
nore inportant for this polishing pad than faor a polishing pad having a

f oaned polishin3g9a§8Px¥an§¥ FﬁgﬁhéanPgﬁVi ﬁroFgépﬁi?y bet ween t he
polishing | ayer, and a material to _be polished. For retaining the slurry

bet ween t Ke p&iisdhiAg thavey Lery edhreenieay 1Y o PEOPESEI'shed and f or
efficiently elimnating or accunul ati ng dust generated during polishing,

t he pol i sKi-dgPdgrifads ot opye tepxyphepy: 1m@sef'p6mlm%l|°§yéma§e

provi ded preferably with slurry-flow n rooves or slurry reservoirs. These
can be comeneedycRel lestigin er digtlyicdey ACTYHER FDPAMEGRR Crydidént ri c
circl e-shaped grooves, cylindrical convex, coni c convex, | inear grooves,
crossed grgodesivpyidasdarodensd xowres teghidfiiald enbydhekEdfgroumedf oFatt ern
shape, width, pitch and depth are not limted, and the optinum pattern
shape is $dlsehieed loefrmid mp noh wbnidithased speky s st hel bispdeeod Zadesl astic
characteristics of a polished material, and the size, shape and hardness of
abr asi ve @paixys res isl)umiythusedy 1Ear afcddmony mefthialee: ysuircf acd ds hayge,.

phot ol i t hography can be used in the case of the polishing pad using a

phot osensi tive mas (méthjherpdhtehiaigidpyebenoena maihad the ugilrgule
mechani cal cutting or a |aser or a nethod of using a nold having grooves or

an enbosseghepaldrerihdindésed fior dxRangase Qowt-iR IRAUISH Rghspatiradiday ot her
resin than the photosensitive resin. The conpressibility of the polishing

{ﬁger In 10 RAIHY 8cRAG EOndbhSat oY UK pRENA B1 TR RAlde-Ad e thA. Wen
glycol—-acrylic acid, etc.

The polyoxyalkylene polyol (meth)acrylate includes, for
example, methoxypolyethyleneglycol acrylate, methoxy
polypropyleneglycol acrylate, methoxypolypropylene glycol
methacrylate, phenoxypolyethyleneglycol acrylate, phenoxy
polyethyleneglycol methacrylate, phenoxypolypropylene glycol
acrylate, phenoxypolypropyleneglycol methacrylate,
nonylphenoxypolyethyleneglycol acrylate, nonylphenoxy
polypropyleneglycol methacrylate, nonylphenoxypropylene

glycol acrylate and nonylphenoxypolypropyleneglycol

methacrylate, etc.
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conpressibility is less than 0.5~, the polishing pad hardly adj usts itself
to a warped material to be polished and may reduce uniformty in the
surface. On the other hand, when the conpressibility is RipghenofBgiG)10~,
the planarization in a local difference in | evel of a patterned wafer may
be deteriorated. In this invention, the conpressibility and conpression
recovery of the polishing |ayer, the cushion |ayer etc. were 68

F- P03019TB(SG determ ned fromthe follow ng equations using Tl to T3

measur ed at ZSCIﬂﬁéh%?eﬁgféﬁmgiﬁEﬁej’U%ﬂﬂﬁﬁhéﬁbé%éandd}ﬂﬂ 1%%R$BUQHSTN“

manuf actured by Mac Science. Conpressibility ("k) - 100( 2)/T1

Conpr essi ?Brrt?.%@i%[rﬂg( qkd tﬁ?&%gbéééd - (m-E?t)hg);a c(ré';ia'te-rgbmg%ﬁnageaf@ hgkpess of

a sheet after application o a (300 C stress for 60 seconds to

t he sheet. T2: e t:hickn he .sheet ,af ter appl.l [ of 180 kPa

stress fo%n6§l§%%oﬁgé %g ?%éeg Sgt%ﬁ%%fhghgt%?SV%lge#%?%P%Q t hi ckness of

t he sheet aft%% | eavin theTﬁheet %H the _state T2.for 68%68889d§rgﬁthout
r

| oadi ng aﬁ@egu ?gﬁgeﬁﬁ gppllc%t?ﬁ% o?ngobﬁﬁ% stressds gy seconds to the
sheet. <[1] Cushian layer .for th | ishin ad> .The _cushion | ayer for the
Dol | Shi ng OBAG DAY SEPRGARE B FRy BB D G BT g oveh oRPBuRE Y esi
thernpsetting resjn, or thernoplastic resin,,bui in consideration of

for mat | on YOf At RRLBLSRE¥ANALE HRTBRURAGRA LY LRV BONKHE® preP AP EBRP oS an
energy ray-setting resin, particularly a photosetting resin. The energy
ray-setti%@vﬂé§iﬁnu§€&18§n driogem 9ERUPwi th the material constituting the
pol i shing | ayer. A conpound exhi biting rubber elasticityin the conposition
constituting thésclibki 8RLVAPECYRHRLENEOPBIOVSR] F§T54d tHELPRI $Penvention is
not limted insofar as it is a rubber-like resin having high

conpr essi bitleithangi—ie slegks supjsgererpsundndcenpapnds kneveotn the Jfdelg

but adi ene pol yner, isoprene polyner, 69 F- P03019TB( SG styrene-butadi ene
copol yrer ofs pplameetdhemee wens ber esedbWddhoodpdliyrigetion. Examples

st yrene- but adi ene- styrene bl ock copol yner,

st yr ene- etthelrevos- Huicd diden ersimartdre dilisolc yaopdlesmeuchaarsy 120di-ttollluensut adi ene
copol yner, urethane rubber, epichlorohydrin rubber, chlorinated

pol yet hyl erid,sotiylanaare (Tibband 01 yasimrerhasestidrer dbpkasyanaekaypaner ,

pol yam de- based t hernopl astic el astoner, urethane-based thernoplastic

el ast oner ,alapthafdidoromerltiype ltike diplcastana @l asichneys. hBkafiedhyd.ehe

pl asticizer with the material constituting

diisocyanate and isophorone diisocyanate, and xylylene
diisocyanate.

Thevinylpolymerizable compoundhavinganactive hydrogen
group constituting the urethane-based curing compound includes,
for example, compounds having a hydroxyl group and an
ethylenically unsaturated group, such as 2-hydroxyethyl
acrylate and 2-hydroxypropyl acrylate.

The multifunctional active hydrogen compound
constituting the urethane-based curing compound includes, for
example, a low-molecular polyol such as ethylene glycol and
propylene glycol, a polyoxypropylene polyol having a molecular

weight of 400 to 8000, polyether polyols such as polyoxyethylene
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the cushion layer, the conpressibility can further be increased. The

pl asticizer used includes, but is not limted to, phthalates such

asdi met hyl pht hal at e, di et hyl pht hal at e, di butyl pht hal ate, dilpeBbybrafHdal ate,
di octyl phthal ate, di-2-ethyl hexyl phthalate, diisononyl phthalate,

di i sodecyl phthalate, ditridecyl phthalate, butyl benzyl phthal ate,

di cycl ohexyl phthal ate and tetrahydrophthal ate, fatty di basic esters such
asdi - 2- et hyl hexyl adi pat e, di oct yl adi pat e, di i sononyl adi pate, diisodecyl

adi pate, gllgﬁ(awfa)ﬁh %@t?&é&%kt%&ne%weﬂ'e Bo@ér'@'il 0Bk RRLE b i -2-ethyl hexy!

azel at e, sebaca di octyl sébacat i-2-et hy hexyl sebacat e,

di butyl ?lghspeqlln? %Qyéﬁﬁ?r‘ﬁl@but yF‘E Q%t‘i’fﬁlétrﬁé' ék'ffﬁé[ k ’op?ﬁ%%@hat es

such as trie pho ate tri-

phosphat e {1 %h%@yL:%tE(}%BE}ﬁE%f%’%Q Ly C;%i%@%%rs_cpggégfgr%?béﬁ%dc Qleori nat ed

paraffin, acetyfcitrate, "epo ) plast|0|zers
and pol yest er Ias i.cl zer re| naf.t er od. of produ n

cushi on | RS 1T R TR RS AP e (AT oh PR aden e Ded 16
reference to an usi.ng a pho osetting resi.n t her reS| ns are
Used, the? E&Sh.vv&?ﬁ 3y9ﬁyeg & DR e B LT o gh BRANABFEORRRS b s
i nventi on, a m)norrer and a_plasticizer, to which the aboye

phot o-i ni Pioéty&lse??, pom%r%dﬁ'aﬂiu%ﬁdebﬁeﬁﬁa GRAT IR P F IS SHOR ur e

and then nolded into a sheet. The nethod of mxing the starting materials
i ncl udes, asu€-raprrolarianeed Anpng cdtes @uesl vl neereperndshd ¥i%ing themin a
tw n-screw extruder heated at a tenperature hi giher than the Tg (gl ass

transi ti oRoL¥epEcarPespdopo el g6l yaed Prefe nabliote eruspands hes iighgTa sheet

is not limted, and known nethods can be used. For exanple, there are

t echni que§f§@@l‘t as Loproveaehfiginkeemer edaidmogchalors e r bvhtdhg, Thesge
coating, gravure coating, die coating, reverse coating, spin coating,

curtai n coateithgnesipesedcoat i mg cempounisingiynige wisteldl a1l arpe oirfdsed mdadwineg nol d
etc . can also be conducted. For further increasing the conpressibility of
t he sheet ofr ashuced Imy rich e omploluew sd el Eifielrech taliov ehatrae telrdett lics .subj ected to
patterning at a |ight wavel ength suitable for the conposition by

phot ol i t hogr aphyhknanethanéhpBagetl, cnth@rnpddmdy chhebs heriduced foadi at ed
to photoset a desired pattern. The uncured region is washed away with a

sol vent t @xa@ipTea bsurhac eetdicide dkerdl Q¥ idPibedaivi.on of a | oading to the
cushion layer thus 71 F- P03019TB(SG obtained, the loading is

concentrat@d AtmEONvBIndEd S akhibRensarbges cr@rt;tcﬁmi 9r BBy Dyc HRELRY ni Ng.
When t hese convex regions
a diisocyanate compound are reacted in such a ratio that the
isocyanate group/active hydrogen group (NCO/OH) equivalent
ratio is 2 to form an NCO-terminated prepolymer, and then a
compoundhavingahydroxylgroupandanethylenicallyunsaturated
group and the NCO-terminated prepolymer are reacted in an NCO/OH
ratio of 1.
(2) A compound having a hydroxyl group and an ethylenically
unsaturated group and a diisocyanate compound are reacted in
an NCO/OH ratio of 2, to form a compound having an NCO group

and an ethylenically unsaturated group, and then this compound

and a polyol compound are reacted in an NCO/OH ratio of 1.
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are dispersed uniformy on the surface of the pad, the convex regions are
uni formy pushed to denonstrate their cushioning effect. EXAMPLES
Hereinafter, this invention is described in nore detail f to the
Exanpl es, but this invention is not particularly lim tedp%ﬁgrst%ﬁg&éisgl(%l es.
<Eval uati on net hods> (Evaluation of fluidity) A sanple with a predeterm ned
si ze, shape and thickness (disk having a radius of 5 cmand a thickness of
2 mm) was placed on a horizontal stand and |eft under the environment of a
t enper at ure of C,and = 1 di . MV t was

eval uated at pré efcggmu%géhlg%?eg\%%¥sd g;t/l?rlre s%gﬁﬁéuﬁhé gﬁ%?mgt”g%gof t he di sk.
(Measurenent of static friction, coefficphent,..d ) c.krigtion coefficient)
These coefp%qegﬁtlga&%o%%%%rsgglhaacsc é‘d?hgﬁf (B‘IAAWDE%QL?H%D%‘E%@@%% y, the
coefficient _of a,50_mx nm £, on | l.ass r.anspar ent
iate ol addy wASTRLabE: 20U RnarAGt Fte rf Br (BRGq BRA AN’ WS of 5o
cmimn. (Hardness) 72 F- P03019TB(SG (a) Wen the polishing layer is a
singl e | afél SFoPEeBeFaPdHedSeas measured according to JI'S K 6253. (b)
When the polishing |ayer is conposed of a polishing surface |ayer and a
backsi de | ayer ’f‘ﬁetkb%I%%%ngBEFrﬁPFEFvﬁrmﬂé wae %I’i“?/iecfééqtﬁnﬁal f
with a slice cutter in the direction of thickness , and the two sides
opposi t e herHeadureprgeaontiatl iodt AR BRse Héthayperlieitdakd), amd t he
attachnment side (back side) were neasured respectively for Shore D hardness
accor di ng fiog Insrevérg3sensfieivitie, Haedaespovhdtlhay sy hed osed stitd viear dness
of the back side were al nost the sane and the hardness of the m ddle |ayer
(cut regi gxpumssatdweyhehdensidy ofh the modeculeethardnésss giretflegradulty r egi on
was neasured to determne the difference in hardness fromthe surface

| ayer. | nuseasur gheriompiounliderith 4 21 eheelans itgrafiphstobandhesisevasumsasur ed
at 5 different sites to determ ne the average hardness. A plurality of

i denti cal ilsayemwed ghanploasmees @ snepsfsesb1®. c@¥anpDdshahe t&ef d nysideg

di fference anong neasurenents. |If there wasa difference anong the

nmeasur ememus, agedhbt onahseyerdd | dgnbirc akkayL1 e@E a1 sMeied hRaslaae unt i |
there was no difference in hardness. (Storage el astic nodul us) A3mx40mm
rect angul anSaERng 100 pAr tirae thRiceness), W eUlbetacaRdnisedlas a
sanpl e for measurenment of dynam c viscoelasticity. The accurate w dth and

t hi cknessfegaGhshaglte. These liquid light-reactive compounds are used
in combinationwith a solid polymer compound. The solid polymer
compound is preferably a solid light-reactive polymer compound.

The solid light-reactive polymer compound used as a
material constituting the curing composition canbe usedwithout
limitation insofar as it effects chemical reaction by light,
and examples thereof include:

D a polymer comprising a compound having an active ethylene
group or an aromatic polycyclic compound introduced into a main
chain or side chain of the polymer; that is, an unsaturated
polyester having polyvinyl cinnamate and p-phenylene diacrylic
acidpolycondensated with glycol, an ester having cinnamylidene

acetic acid with polyvinyl alcohol, and a polymer having a
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73 F- PO3019TB(SG after cutting were neasured using a mcro-neter. For
nmeasurenment, a dynam c viscoel asticity spectroneter (manufactured by

| vanot o Sei sakusho, now IS G ken) was used to detern ne sipBEageTRIFS! | C
nmodul us E' . Measurenent conditions are as follows: neasurenent tenperature,
40C, applied strain, 0 . 03g initial |oading, 20 g; and frequency, 1 Hz .
The storage elastic nodulus is shown in Table 1. (Conpressibility,
conpressi on recovery) The conpressibility and conpression recovery of the
pol i shi ng I ol er nr i r r.m-ned & t '

equati ons ptlg%l){:(ra?s e%lstlt% 3 V‘%S%%?ur% ggvgtagzg%tn\?\’iatmﬁ@g gfloigl?dr ?ggﬁlg}ngg\gr?lt% glre of 5
mmin dia b nyf red . L.e y npressibility (g) -
100(T1L - %;Of"%’l &lgr‘;p%é’g% %r?@ritéig&erl%%ﬁ%%ﬁ%’o?%l-dg%Z)/(T1 - T2) T1: the
t hi ckness ,of. a.sheet after.application of .3 P / ) ress for 60
seconds t02’t5hé%ls’f‘r?g°§t°.xy‘?§:lltbﬁélet ﬁieé%r?él§§ gftygﬁg IY(e;gLE&qa P@%&Spﬁu%éti on of
180 kPa stress for 6Q seconds to the sheet, in the state Tl. T3. the

t hi ckness TO¥MRE IRESAULHt S PRSI InGalifd et A HTRE SLat€ SEE Y0P 160
seconds wi_thout | oadi ng, and subsequent application of 30 _kPa stress for 60
Seconds. t d-BHE CTRELtE CBUITS b Ho SBPIM S DO AP LOBGTIAH S SPAREYL YRSt or
having an Si 02 | ayer of 500 nm (5000 .$.) fornmed 74 F- PO3019TB(SG on

si ngl e cr{&talpodivimegohawhsg isddaae IrHR eFi % LfRorenedirbrodyaeddiiten, and
its polishing was eval uated under the follow ng conditions. The polishing
machi ne usedaids chadéndrals ideschgdini sHi g embeHivie LLaF eds tidr/ BMLS ( ~4
inch). The polishing slurry used was ceria (CeQz) sol (N ssan Chem cal

| ndust ri e®~dita¢.odirheayvidafaar ned tod oFala lstedy dRa s oelegsgitea ol i shi ng head
under the condition of water absorption/standard backing material (NF200),
whi | e t he heeizesisidig zvad vgaripl (@hsay leugpen) t-ed dsphettiediforgpalidedyydg pl at en
(polishing pad support) , and the procedure of polishing was carried out
usi ng t he quoldestsiartge ,s laumreyt hax ydp efnezesth erdeitae oafi ubt@ —cipBvemiyd.anfigno ) 2 s@litut es
under application of 20 kPa (200 g/cnR) polishing pressure and at a

rel ati ve sgrRttff dthalldehyddes ndensdte, pollyshngd-beadidodenbalpleation, to
determ ne the polishing rate. For evaluating the relationship between the
pol i shi ng d7if a6 e Rald.shiag rate, polishing was carried out for a

@ a polymer having a phenol ester introduced into a main chain
or side chain of the polymer; that is, a polymer having an
unsaturated carbon-carbon double bond such as (meth)acryloyl
group introduced into the polymer; unsaturated polyester,
unsaturated polyurethane, unsaturated polyamide, polyacrylic
acid having an unsaturated carbon-carbon double bond introduced
via an ester linkage into a side chain of the polyacrylic acid,
epoxy acrylate, novolak acrylate etc.

A variety of photosensitive polyimides, photosensitive
polyamide acid, photosensitive polyamide imide, andphenol resin
can be used in combination with the azide compound. Epoxy resin
and a polyamide having a chemical crosslinked site into it can

also be used in combination with a photo cation polymerization
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predeterm ned tine without a dressing step with a dresser having abrasive
grains of dianond deposited thereon and with in situ washing with a brush
when dust remained on the uneven surface of the pollshlqgﬁogbquBFgﬂ
determ ne the polishing rate. [Evaluation of uniformty] After polishing,

25 points on the polished surface of the wafer of 101.6 mm (~4 inch) were

nmeasured for Rmax and Rmn by a contact needle neter, and a nunerical val ue
(~) according to 75 F- P03019TB(SG the fornula 100x(Rmax - Rm n)/(Rmax +

Rmi n) was j43ed 3% an NggbfgiOfubﬂeﬁvaéyﬁEhgﬂlefrﬁB@ePn'£Qﬁ”b§¥l?£e&he whol e
surface of the wafer. [Evaluation of reproducibility] A patterned region

ft t R
cval uat on By Aot he pﬁfseé‘%?ﬁ‘g“%&? PR OB okE B G o ol R o)
din thef [ f :
pol i shi ng coﬁd?%’?%ﬁ%@&g?éﬂ%%ﬁ?' EBrPeRter B, 8 SRR ROREPLLES, S8y cabor)
[e d?ﬁges\lggtlé.%&flln%\évﬁé %%fmlwmen L 8n, d““h% op0| 'a'%%r II < feld '2>' ng

e nu revo &t ions “of he po I ng p at en

was 35 rp and_t he nunber, af revolut| t he, waf s .3Q

[Bol i ahi nGHEATST ARG BARRg FACEPEF AFAFE0R T dhor 81 TS Gt ART i1 cor
coating was cal cul d fromthe t| in mhlcE t he thernalbg OXIdIZ ~Nn
oo g e eimaS i kT SBhh A et bb Rt ese nEae (D S58 Fh dor

t he above conditions . The thickness of the OX|d|zed coatlng was neasured
by an i nt A& &fc ANGELF 5LERVESS REEsuiivg FEORIERE 1P RERYERF @ P O suka
Denshi sha) . [Planarization characteristics] 0.5 Nmthermally oxidized

coati ng wastdesospeetedrheredy eht 52 tiegrolamer igsddon) seeebiep ete.
predeterm ned patterning, and 1 ~m oxidized coating of p-TEOCS was deposited
t her eon, tc@n7ige usedPOBOIOTB(SE) tartdipar-e Bxomp bes Hapanayp faipat vde Fhaiseh an
initial difference in step height of 0.5 urn, and this wafer was polished
under t he ialidietdesc phved -cordistliioks ngandhafstee i nddliiaghingy, each difference
in step height was neasured to eval uate planarization characteristics. For
pl anar i zatphotophdyaetrarzastiioss, ( daed cailf frexlgmees Zat isingp dediignt  wer e
nmeasured. One difference is a |ocal difference in step height, which is a
di ff er encedlyngird@ dtdioght anion patlyerer iravding)l,i o sef chAhging ithedirdt h and
spaces of 30 Nmarranged alternately and is neasured after 1 mnute

structure by light to change dissolution properties, and those

generating an acid by light.

The light radical polymerization initiator when UV rays

in the vicinity of i-ray (365 nm) are used as the light source

includes, for example, aromatic ketones, benzoins, benzyl

derivatives, imidazoles, acridine derivatives, N-phenyl

glycine, bisazide compounds etc. Specifically, the following

compounds are mentioned:

Aromatic ketones: benzophenone,
4,4’'-bis(dimethylamino) benzophenone, 4,4’'-bis(diethylamino)
benzophenone, 4-methoxy-4’'-dimethylaminobenzophenone,

2-benzyl-2-dimethylamino-~1- (4-morpholinophenyl)-butan-1l-one,

2-ethyl anthraquinone, phenanthrene quinone etc.
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polishing. The other difference is an abrasion loss in the concaves of 270
~I m spaces when the difference in step height of an upper part of lines in
two patterns (that is, a pattern having |ines of 270 ‘4rﬁlﬁ0@0Wb¢BPx§nd
spaces of 30 ~marranged alternately and a pattern having lines o O ~min
wi dt h and spaces of 270 ~.~nn arranged alternately) becane 2000 .~ or |ess
A | ower nunerical value of the local difference in step height indicates,
in a certain time, a higher rate of planarizing the oxidized coating
unevenness genegahedidgRengl Agy Poén PALA € 8r1op theny@i gretEuUrther, a |owver
abrasion | oss of the spaces indicates higher planarization with |ess
abrasi on of regbgﬂ%g@FHeEQQQEQQQSQO g@ngg%a§§g?hyippé£§plQgcevaluatlon 0 A

waf er having an Si ayer of 500 nm (5 ormed on single crystal
silicon was use erial  poli va) uat | L li,shi ng
was eval uat ed ugggga?ﬁgg%dlI%m}ﬁgégggfg%ggé%gﬁg%B?SE§¥c%ﬁg?fhgﬁfgg+ﬁe

pol i shi ng chi ng _used s a,qaeneral, Nanofact or/t NE- 3 %; inch), .. The
ol 1 shi ng URERy 204 2s i eBriEY T Sty O GRS R BRary D) etz to be
pol i shed was held on a.polishing.hegd_under the candition.of water
absorptioﬁ%@?&ndgrdobgéﬁpﬁﬁpﬁﬁpg#Pa%'PS£%§@¥; }WH%aFQHthlESFVshing pad
sanpl e was supported by sticking it on a_platen (polishing pad support),
and t he p%Gé@J%F§%8ﬁYB£FP§HPﬁé'%é 1pRENYdg a&gﬂﬁgdHW§rpolishing slurry
at a feed rate of 25 cc/mn. for 2 m nutes under application of 20 kPa (200
g/ cnR) poli SR A threyPhedvand a® S ipdeayily drdfee® 16f 58eH ni n. bet ween t he
pol i shing head and the platen, to determ ne the polishing rate. [Evaluation
of uni f or Airtly]: dacige theorydhieny l) r4 . foiddpdedy it RAifgizodfe § 188 &€ -of the
wafer of 7.62 cm (~3 inch) were neasured for Rmax and Rmn by a contact
needl e neter, aRgradangededavaiavgs:(~kyrheevtdragidonehe formul a 100x( Rmax
- Rmn)/(Rmax + Rmn) was used as an indicator in evaluation of the

uni f or m t \ ,@f-btilse W@ caddfiayd ) ohepif@ngafedic.. Exanple 1 Exanple 1-1 125 g
epoxy acryl ate (EX5000, nethyl ethyl ketone solvent, solidscontent80-~s,
manuf act ur edbyK{fbei ahaChemenaliCoed(phdto-injitiagobenzah b metddylallosteal and
0.1 g hydroqui none nethyl ether were m xed under stirringbya kneader, and

t he sol vewrir ivasombimyefor & he rfed?Q30TRd Bino@n tunfl €h ek e gihead frdssate nsher eby
asol id photosetting conmposition was obtained. This conposition was

sandw che@daeiaveenpirklfe®adng apressed. ab1 1o at P SPherd gy asSlute wd to a
pressing machi ne at 100C, to give a sheet nolding of 2 nmin thickness.
Thi's the curing composition.

The cation photo—-initiator includes those generating an
acid by light. Examples thereof include anaryldiazoniumsalt,
diaryl iodoniumsalt, triaryl sulfoniumsalt, triaryl selenonium
salt, dialkyl phenacyl sulfoniumsalt, dialkyl-4-hydroxyphenyl
sulfonium salt, sulfonate, iron-arene compound,
silanol-aluminum complex etc.

The solid polymer constituting the curing composition in
this invention can also be added to improve mechanical
characteristics of the polishing pad, such as elastic modulus

(Young’s modulus), bulk hardness, compressibility and

compression recovery and to reduce a change with time in the
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sheet nolding was irradiated wwth UV rays , and the other side with a mask
filmbhaving a desired pattern drawn thereon was irradiated with UV rays,

and after the films were renoved, the sheet was devel op I with a
brush in a tol uene sol vent. The sheet was dried at 60C f%rﬁaém%gtﬁ@s

give a polishing pad. This polishing pad was eval uated for polishing by the
pol i shing evaluation nmethod A Exanple 1-2 200 g pol yurethane resin (Wl on
UR- 1400, tol uene/ methyl ethyl ketone (1/1 by weight) solvent, solids
content 3Qk, ufagtu o5l 4 r.i.oet hyl ol

pr opane t%rjf\g{iﬁ acr yI%gt ré:%,g %}61{%&2? %llarrgtg%orr(eklé%%l p)no ° Q.egfttlog?
hydroqumn yl, e emx Stirrin b kne d the
sol vent vvgs%fn m)\t%eé e%/é:ere Ude g“hedﬁ%ds Ylateg gl}év 7on vvacé)hggt'al ned.
Thi s corrp05| tion was s nd Ryesse 0 .at. rmspherl o

pressure. K lP(eStﬁr e a@a%ﬁiﬁ 8896{1‘:?886“ PRI RS T a1 47 AF1oR D
t hi ck heet di di at w f
o etot o PRy chirenaey P vGIAATE gt atalﬁaé’%ﬂré@l?&lﬁ’lﬁr‘?]e[]a Hfhg a desired

pattern drawn thereon was irradiated with UV rays, and after the films 79
F- POSOlQTB(’é@PrWéeP@mRFé%Co{“ﬁ@s%ﬁ@étt%%9€1ﬂaﬁéﬂ:urﬁ?et%ﬁﬁ%? wRstdri ed
at 60C for 30 mnutes to give a polishing pad. Its subsequent eval uation
was carri é#eot®lidh RHe™esnes rPé?fﬁﬁgF-ma?;efin”E&ﬁﬁﬂ ésithe abBY&nﬁ]eéltPO@eﬁ% g
uret hane acryl ate (UF503LN, nethyl ethyl ketone solvent, solids content
70k, manuP®dtgitegapy by seitsisf iedeni cal Co., Ltd.), 1 g benzyl di met hyl

ketal and 0.1 g hydroqui none nethyl ether were m xed under stirring by a
kneader, and thésstheeatring cenpyedtioher@byoramsotial photdsst may be
conposition was obtained. This conposition was sandw ched between fil ns and
pressed ats®d,atamos phahee tpisbspede curtinga compesiing omaclomme ratiald@C, to give
a sheet nolding of 2 mMmmin thickness. This sheet nolding was irradiated
with W rayaiflabla pisedepdiotiosestiitiee aheéettheant Barsosibee usieidh a mask film
having a desired pattern drawn thereon was irradiated with UV rays, and
after the fil msner act@sayed, priaushiagt twaspdevehapgdlajbe shkeay was dried
at 60C for 30 mnutes to give a polishing pad. Its subsequent eval uation

was carri el Fay Léﬁrﬁ@&:d@mqrt@% bR EABhechtlon FXAMPY @ukrthced8 ¢
pol yuret hane resin (Vylon UR 8400, toluene/methyl ethyl ketone (1/1 by

wei ght) SgJa\{:ec%tr,n %9' bHét@QBEﬁB&&BQ mengd actuseq by r@é&:e@f&e'@o e (
Ltd. ) ( 1, 6-hexanedi ol dinethacrylate, 1 g benzyl dinethyl

ketal and {J. ghydroqw none net hyl ether were m xed under stirring by a
kneader, anél th sol vent was renoved, whereby a solid photosetting

conposi tion 80 Fig. 2 shows formed surface pattern of the polishing layer

in the polishing pad. The sheet molding 1 made of the curing
composition is formed between a substrate film 5 and a cover
film 3. The cover film 3 is irradiated via a masking material
M with a predetermined amount of light L. The mask is provided
with a shielding region MS and a light-permeable region MP so
as to form a predetermined surface pattern, and by light

irradiation, a light exposure region 1S and non-exposed region
lHareformed. Whenthecuringcompositionisanegative-working
composition, the non-exposed region 1H is removed by a solvent

tc. (development step) , wherebyapolishing layerlwithdesired
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F- PO3019TB(SG was obtained. This conposition was sandw ched between fil ns
and pressed at 10 atnospheric pressure with a pressing nmachine at 100C, to
give a sheet nolding of 2 nmin thickness. This sheet nofgigig 4 (SQ)
irradiated with UV rays for a predetermined tinme, and the other S|dce with a
mask filmhaving a desired pattern drawn thereon was irradiated wwth U/
rays, and after the filnms were renpoved, the sheet was devel oped. The sheet
was dried at 60C for 30 minutes to give a polishing pad. Its subsequent

eval uat i OBr\é%%t%‘}Enrl'n%@ Q&‘Eféé‘e Fg%t%%lﬂel NG daérérﬁ‘ tﬁéaé‘ﬂi’é& ilno]_Ldlng

Conmpar ati ve Exanple 1- i qui d urethane acrylate and benzyl

dimethyl ketal ywgLg Ehé;é’?i‘fgl’?{n tddd 'o@th?sgi}{\‘?eﬁ‘?:gbﬂ“ié’ ao'h%tno (L?Ht er i ned

conposition. Thi's conposition was poured Into a Ao aving a prede

size and shape o Yo a shesh JELULDO,DayLog kedsherned i Ly clepess. T s

sheet nol di ng-was r rays or a pre term ime, and the
ot her side m hayi n desire attern dra t her eon wa

1 adi at e @M ERB PP AL AIG  2 REEPFT b TS PURBSCTESt A TChESE was
devel oped The shee was _dri at 60C for 30 mnutes to ive a pol.i shi ng
pad. Conp& &P éﬁpk’éffrzg}&rfﬁﬁnﬁﬂlbﬁﬁﬁge‘P?ﬁér%ée &%Faqq@fbc?@ CRpits

(manuf act ur.ed by Rodel ), was used as pol i shing pad. The poli shi ng rate
was eval uaftlé‘&n@msﬁ@nfihe Whap E%%rﬂ%l%*h%%(ﬁ%ﬁﬁ%r?s £oan , thea sk Lem

Furt her, the gol ishing rate was neasured. The 81 _F- P,03019TB(§§£/

rel at i ons/ifp thet ﬁééﬁktlﬁa PBENSRPRGNt PREVERT ol iRt Wi ind eathsrel dh@at ed by
conducting polishing with the polishing pad for a predetermned tine with
or wi t houtod ighessnaeestah casitmraddrafondiaby dsineohptdinbaepese réen
dresser, to neasure the polishing rate. The results of exam nation of the
f 1 uidi ty dgheepohishipiedsbficr @ igamdithei surimcd dfi ghe rpekishiown liayeFabl e
1-1. As can be seen fromthese results, the solid sheet nol dings are not
fluidic. Aesoadengkynunderah fieegeared hatf fedhdange nhcrbsckpeésd enetlh tinme
can be reduced. [Table 1] After left for 1 hourAfter left for 3

hour s Examplye whitho tabafgéneiochangekxagl ra e 21wl qralngated clnngelxan! e
1-3no changeno changeConparative Exanple 1-110.5 cmll.9 cm The rel ati onship

bet ween s whiuaC & ceiRidieigh £ hie0 ¥R 1@ dFe shiasiksnef. Exanple 1-1 and friction

coefficient is shown. 82 F- P03019TB(SG [Table 1-2] Surface

patternRenoval efswaf &% $halsl Shenomenon, the friction coefficient of the
polishing pad with a glass under a certain loading was examined,
and as a result it was found that even if the polishing pad is
a non-~foam, the occurrence of the sticking phenomenon between
the polishing pad and a polished material such as wafer and glass
plate can be prevented preferably by forming a pattern on the
polishing surface such that the static friction coefficient is
1.49 or less, and the dynamic friction coefficient is 1.27 or
less.

The effect of the formed pattern on the polishing surface

also stands in the polishing step without a dressing step. The

dressing step refers to a step wherein because abrasive grains,

abraded dust etc. in slurry are accumulated in pores on the
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friction coefficientDynamc friction coefficientNo
patternYesl. 491. 27Penetrat ed hol eNol. 371. 23XY | atti ceNol. 141. 01Concentric
circleNol. 100. 98Cyl i nder NoO. 880. 72Conbi nati on of cyli ndeg paAag g@g&; &at ed
hol eNoO. 510. 34 penetrated hole: hole dianeter 1.6 mm 4 ol es/1

| attice : groove wwdth 2 . 0 mm groove depth O . 6 mm groove pltch 15.0
mm Concentric circle : groove wwdth O . 3 nm groove depth O . 4 mm groove
pitch 1.5 nm Cylinder: diameter 0.5 nm height 0.5 nm The results of the

pol i shi gyt 8 hGh RARTF R £1 8§ o $AMWINg THE f&ﬁ%&@t@ﬁ&t@ﬁlﬁg&%@ ed
accordi ng to t he polishing eval uation rre(tghod A. [Table 1-3] Po |sh| ng rate

(1m o) Exanpleen, %géﬁéﬁgxg{mtsgcé £3240EXA0R!| £ To e ZAE AMALALIN

1-11000 A co tion-o |nd and concentric CII’C e was used in the

surface pgaLLar Hﬁvaﬂg%gggéﬁ gt O?s of \éxrﬁ&& i 4y Fesae@ﬁ wb (Wwhose

surface patternis I na er an oncen riccirc e) t he
rel ati onshi P03 9T SG bet N th li.s rate_and |sh| ng
time in t%ee%ggsteh% Qg’h lEf—iﬁeut a %Pé%s?ﬁ% kst lg‘”%ﬁ%@m"fl %%'i"abl e
1-4. [Tabl,e_1-4], P0|sh| rat arativ arative
Bxanl o1 L0VERRLPRoLT UREeDaR fi Sar S EEF it ULt pap Gy b i

m nut es1160100Q1000aft er pol i Shl ng

mi nut es 118686611805 €Er pdies i l‘?&&’@molfrutt@?lIfg(}@i(}i’fSG"&]etféllﬁ&lePéchllﬁg It can

be seen fromthese results that in the present invention, the polishing
rate i s sf@dréadefout a dressing step, and can be maint ai ned stably as
conpared with that of Conparative Exanple 1-2 using a dressing step.

Exanpl e 1-4 TheBevewesurthrabeyedre sgdinasHiter dpad et i nchude deessing
circle-shaped surface pattern) used in Exanple 1-1 was |lam nated with an

ur et hane- icopdagrisdedt ndmwiartf afrpel { SUBAIO0® iRpdeveNEhe of IGotneds @f) via a
doubl e-t acked tape using pol yethyl ene terephthalate of 50 ~.Imin thickness
as a cor e timet @oildlshiBy plasler ving interference light on the surface with
naked eyes, the partial polishing unevenness on the wafer was hardly
observed and | o®ae pdibishindryadpl € obthindkidny tlheiswtfiacet e @odrineédsigras 84
F- P03019TB(SG neasured by a contact needl e surface roughness neasuring

machi ne , laRerpllardarnhzat berkedsiel UakRer seiRiovedsas caypdond 1uit .t hat in
Exanple 1-1. Exanple 2 (Preparation of a polishing pad sanple 2-1)
In the example shown in Fig. 2, the concave region in the
embossed pattern penetrates through the polishing layer, and
is suitable for example for forming hole. Fig. 3 illustrates
a forming surface pattern method suitable for forming groove.
The sheet molding 11, similar to that in Fig. 2, is formed between
a substrate film 13 and a cover £ilm 17, and the sheet molding,
with the masking material M attached to the formed side and with
no masking £ilm at the side of the substrate £ilm 13, is exposed
to light. At the side of the substrate film 13, a cured layer
15 exposed wholly to light is formed, while at the side of the
cover film1l7, anon-exposedregionllHanda light-exposedregion

118 are formed, to give a polishing layer 11 having concave 118

and convex 11H through a development step. The light with which
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A mxture of 30 parts by weight of 1,9-nonanediol dinethacrylate (1, 9-NDH,
Kyoei sha Chem cal Co. , Ltd. ) ( 70 parts by weight of a pentaerythritol
triacryl ate hexamet hyl ene dii socyanate urethane prepolym@@oggég§g§§m
Kyoei sha Chemical Co . , Ltd. ) and 1 part by weight of benzyl dinethyl
ketal ( lrgacure 651, Ciba-Ceigy) was stirred with a honogeni zer for 10
m nutes and then applied by a coater onto PET filnms coated with a rel easing
agent, such that the m xture was sandw ched between the PET filns to
prepare at%@?%hb%QEQhBinIﬂ?thPErté'EE*£f¥HH£J%%&Kﬂé5¥H%Hléﬁ&f@&ﬁa@95
irradiated with a predeterm ned anount of UV rays , and this sheet with a
maki ng mater izal. havi I I.C tter ] ; r i.dt.h of 2 nmand a
pitch mﬁd#% g?r? % §ﬂ%ﬁ?a%§§%§e3@oﬁ%tﬁgeggwkgﬁﬁﬁégsﬁg¥g§§b%§§ cured by
i rradiation "‘“thvdé?)éﬁ ofaieﬁea%éﬁﬁe&h kel d 1 4T BTG 6Ny 6y ga?hsheet
was subj ected to deveropnent to renove he non-‘exposed T €gi ons an en
dried to give .a palishin anple.1-1. A surface pattern.correspondi ng
accuratel%%é%%ﬁ%?%ﬂ%%ﬁ?éﬁ%éﬁ&e?ﬁgﬁgénggﬁ%ﬁﬁﬁﬁéfé;s h@agggﬁ ?Fﬁ cpad, and
the operatian ti coul d be significantly reduced. (Pr ratjon of
b0l 1 ohi ng BAIPERREFE8 3 T Gty p EgBRe dotsts o por 8e TRREAET IRLAg pads
2-2 to 2-12 were prepared in the sane manner as. for the polishing pad
sanpl e 2- ¥ Thel @i Ag e HLithiieng/ Akf §bﬁf%écbla%%rqfst8§éeﬁchfe $ifown i n
Table 2-1. The conpounding ratio is _expressed iin terns of parts by weight.
The st art 988 thaCdr ithes COSEQVEr §28s 360 Hfs revudatedakydidsediorBeRacr yl at e:
1, 6-HX (Kyoeisha Chemcal Co., Ltd . ) Qdycerin dinethacrylate
hexanet hyl ene dFPregegaaanecpr ehel Dokt Shipg 1bayey KipridaReGhad dal thes. |
Ltd.) Aliphatic urethane acrylate: Actilane 270 (ACROS CHEM CALS LTD.)
Aromat i ¢ @xempdee dgecylibed: apovel aard 187e (CROSL GHEM YR $19 BDcushion
A i gobut adi ene acryl ate: BAC- 45 (Gsaka Organic Chem cal |ndustry) .
(Prepar at ilaryeaf cpol rdabnhepadosadptiesih 18 fored Hatt@hry igpdhe seamg at e
EX5000 (rmethyl ethyl ketone solvent, solidscontent80~,
manuf act urmachimglky oei shaChem cal Co. ( Ltd. ) , 1 g benzyl nethyl ketal and O
1 g hydroqui none nethyl ether were m xed under stirring by a kneader, and
t he sol vent was Ihembeegrodneraeby ametbbdd iphetigsett,i ngeCPdRashingn pwds
obt ai ned. This conposition was sandw ched between filns and pressed at 10
at NS pher inG R IRIIUF Bt Wk tdh s IRITESSY 88 1 BBSAI Rl by A@En ot Dk BbWE ba cXierf
nmol ding of 2 mmin thickness. This sheet nolding was irradiated with U/

rays, andpfsh@rathel nshdecddithtBe RdKs£+d R 86 1m 5~ P%Pé@&?e(@ﬁ)e%ayitm an XY

latticed pattern drawn thereon was irradiated with W rays, and after the
films wer %orlqrg@l\i%qf p&@eiﬂlo@m%gl M@using a known polishing pad in place

of the substrate £ilm 5 and a material as the curing composition
suitable for formation of a cushion layer.

The polishing layer 1 and the backside layer may be formed
respectively via a middle layer. The middle layer may be formed
by curing the curing composition used in this invention or by
using another material. The polishing layer is produced by the
method shown inFig. 3, and after the substrate filmis released,
the polishing layer is used in place of the substrate f£ilm in
Fig. 2, to form a sheet molding, and then the backside layer

can be formed by the method shown in Fig. 2.
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devel oped by bushing it in toluene . The sheet was dried at 60C for 30
mnutes to give a polishing pad sanple 2-13 having an XY |atticed enbossed
pattern on the surface. The pattern of the mask fil m wasg ge9pidgi ve a
pol i shing pad sanple 2-14 (concentric circle pattern) and%?%go??sﬁﬁﬁg pad
sanple 2-15 (hal ftone dot pattern). The groove width, pitch width, dianeter
and depth of each pattern were identical with those of the sanple pads 2-1
to 2-3. (Preparation of polishing pad sanples 2-16 to 2-18) 200 g

pol yurethane regiig Vil b HR21A0Q. b 0k U/ pBEBYh 1 BENYA ket QM dddl oy

wei ght) solvent, solids content 30~, manufactured by T%yo Boseki Co. , .
) ( 40 g tripethylk r | et Ly . 1.0 yl thyl tal and
PR B S e P e
sanple 2- V) I i : .er ; f -

pol | shi ng hsd eRnards iy @ o BT KRN R e M LI B (80200 o

the surface %nd a gogisﬁigg pfd sa an%algxpgygn an %J19§%§P %%Hftone
dot patterﬁygn FRE BuPfatR;  “Fn the saie " mannet - us T or % he poll§%|ngybad
sanples 2-13 to 2-15. (Preparatio olishing pad sanpl.es 2- to 2-21)
358 " pol FOTBERRAN TAE RARFEH CROBTOO LIS et o r Moot $96% 1/ 1 by
wei ght) sqlvent, solids content 30% nmanufactured by Toyo Boseki Co. ( Ltd.
) , 22.5 ¢MMP&SReXaRedFbe YL i ReH TS SeFrasket Ahc yisHSE SETY1Henzy |

met hyl ketal and 0.1 g hydroqui none nethyl ether were used to prepare a

pol i shi ng aﬁa@@aﬁﬁllésglmg REVEAgGeaha XY | émr@@@ erPERs P PENe P dhet he
surface, a polishing pad sanple 2-20 having an enbossed concentric circle
pattern ofvackesisigriaer 23nknd pothshidrp paddhmaheet moldfimgyi agoaeresbossed
hal ftone dot pattern on the surface, in the same nmanner as for the

pol i shi ngwiad savet dsi 1ms136tand®285. £ Rreeykamat ngheoiapdil whithga fadmsanpl e
2-22) The surface of a foaned pol yurethane resin was provided by a chise

wi th a | atstirdedepps teenn havi tteap le gooovke widdtirshdindg? somfaaepid et baiciteld of 1.5
cmand a depth of 0.6 mMmmto give a polishing pad sanple 2-22 , but the

oper at i on twasshé icorecofiSIMPBGhn ahd slrfd@d foerdngattieepolissehd swas avat

uni form (Preparation of polishing pad sanple 2-23) The sane sheet nvol ding

as used i Napfeer ) WPilda nRAKishy Mgt Path BRORies 2f dBmé@sdriaceps tiisec
wi thout formng a surface pattern to prepare the polishing pad sanmple 2-23.

[ Eval uat i @Rli tEba ePEbirSBh8dbHAEs SNl ffe -1k hetdchddnesetiey al diaded ifiar
polishing by the evaluation nethod A and the results are shown in Tabl es

2-2 and 293 ohabh &1 fa ¥ otmd ngEMe S KBARINRRRIY 286SHhdStid shiRt
conpressibility and conpression recovery of the polishing pads, as well as
the oper amo\iﬁrﬂ.‘?ﬁsig%xg&géﬂ @g.asjéﬁé%king materials M1 and M2 to light

L and then developed to form the polishing pad.

In this invention, the solid sheet molding is irradiated
with energy rays, and thendissolvedinasolvent to forma surface
pattern.

For irradiation with energy rays, there is a method of
irradiating a desired surface pattern directly with laser rays
and intense energy rays or a method of laminating one side with
a film having permeable and impermeable regions corresponding

to the surface pattern and then irradiating the surface of the

film with energy rays. Further, irradiation under vacuum may
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pattern and pattern reproducibility. Table 2-4 shows the results of
nmeasurenment of the static 88 F- P03019TB(SG coefficient of friction and
the dynam c coefficient of friction of the polishing padr3@aph6spgkds to
2-15 and the non-pattern polishing pad 2-23. Table 2-1 PolishingCuring
conposi ti onEnbossed patternpadsanpl ell, 9- nonanedi ol di net hacryl ate
30partsgroove width 2 mpentaerythritol triacrylate hexanethyl enepitch
width 1.5 cndiisocyanate urethane prepol ynmer70partsdepth 0.6 mmbenzyl

di rethyl kebal 4easdndid fdd itePdmP8oued & B IS pakawedr ery et Wb d0. 3
mmitch wwdth 1.5 mudepth 0.4 nmtoncentriccircl e-shapedgroove3The sane as

abovedi arrgth%r sﬁgg&eh]g%ltig%w dth 900 pndepth 0.4 mrhal ftone dot
i 0 I met

convex4l, 9- nonane hacryl at e30part sgroove width 2 mmaliphatic
ur et hane acryl ate7? rispit.ch width, 1. zyl. dineth et r.t dept h
0.4 nm¥XY latti cgg‘ gl?%olv% leahcslacﬁle;"alg ¥rla%rcl)‘g/ggfoq:oayes ’witgt% h°%$§gn§#g4%%ﬁav§ﬁ dth

1.5 mdepth 0.4 oncentri.ccir.cl e-shapedgroove6The sane as _abavedi aneter
500 dunp, (R FLEACB06 ORGP R TEd e SOt PSRRI 0o o tariid: o
di met hacryl at e40partsgroove width 2 prmaromati c urethane .
BOry| At c6BPRTOdE LR AL OB b oDy RAPREUTY LRELAPTEAPEAER RS rmxy

| atticed groove8The sanme as abovegroove width 0.3 mmpitch width 1.5 mdepth
0. 4 mcondnihiec BatEe& shapedgr oove9The same as abovedi ameter 500 ~. npitch
wi dt h 900 pndepth 0.4 mmrhal ftone dot convex101, 9- nonanedi ol .

di met hacr yl at e18pBPL §RoBIP IR dvav Ianseilitgddet harenesai Brtgrae et spit ch
wdth 1.5 cmaromatic urethane acryl at eSOpartsdepth 0.4 mmbenzyl dinethyl

ket al 1par teyrdngistsi gead yeobialimhEhdaimess dbbeetigr edvehaipdchcana2.s®l a9

F- P03019TB(SG pitch width 1.5 mdepth 0.4

mMtoncent biec diorgleal dlyapedplediet? Treaddm ipn dodeediidyetosr tHhe0 fuepitt ch

w dth 900 ~1ndepth 0.4 mmhal ft one dot convex 90 C7 EOQO ONI NNro Ea
rdo ro30 4urfEGOEOBNO0DA0Rs iokez s2zfarezzz. r.,ro ma~a~ ~o ~000000000000U ~
+~Orif-1 r-1'di~"~~t~"Db ~~~"a~"~"dp, .i 0000000000000

, pOO0000000O00y II67€W 1 16tEenEICHC7TEEGIUPA 14 t4~ofFthe- permedble .rediNd - |
"r~00hG~-MwOI Ol Or -1 0xhrl ~".,rl N\rl +~

~NOOoOr | ~N0s b HBNOieQ A B i fferddntMArdmthlat of the impermeable region
"rlr-lv-Ir-lrir-1r-i"-lv--lr-In-1r-100\o., 1NN N~ Dp., OOO000-I 7OMOM | Nd' O
NO~OOL0O. - Hyd HRerdialif IHedlé t1ond 1dHnl QQAQRhhRD \arHileve selective
~r~00N61Nd" ' -1 01~hMd1O ~ aJU U7 rI NNM I NNMMI"d' N~ N ~ ~-1S-1 O o~x ~nhh~om-~
a~ ~a~~1 - I QeI Nal1 ikl BMEnThABOROLEh HLRLO ron O ddidddd 1id IR+ 1Bmited
ZNNNNNNNNNNNNE F el ~--2. -Tr--1~irlrlr-irl Ol rlr-1 N1, v-1Q, N-., M.1,

d C~ tf~Rzd QR 'sullq'éb% Aol e’ncfiln?g" o e iaderial hsdgy 1~ 1~ 1~
|~ 1~ 1ro Nro N\ro N\ro N\fo Nro NNNro Nro Nro Nro NW NW NW NW ~W NW NW NW NW
NW NW NW N,

0~ A L= ~ 4 COOPQOORNX.

ozzzzzzzzz+~]~pe Qﬁagﬁwﬁﬁf Eah&'~%§(€l f%:rc?%ﬁ?‘fai ed
R R B - U 00Q000A~ .
,~000000063(5’0‘?‘x°.é-r-’IS%j?—r(’:5953'1‘‘&°~‘-"c"'1~""%glg%v\/(‘)‘%g ﬁ%%‘f%ﬁ&? gificigpey gt removal.
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oo ooV A bar e b bl endt Tnc)898s o NG Chngen e 1
Call fl~-11 ~%i.0001|\/00 N~MN¥ | r NNNM-f 71 OUOSNS~eo O~~6~69’1aoaoaol ~H I-crol rl
© Jy00L~00G 2G0T N 5P - FEBEE60~F1C 22T 852N Y RFBFEFL SORVENNK

Daomm~ a~r~ ~''ri ~Mdi.L(71.4L~Q0010r=1Nn=1 '~ rlrliric-1rirlri NNNO rd
VDI Braras 2nd RN RRIer 4ok, th theredndaye £nd EphyeseaPayr 1 or |
ri~l r1c, r]Q, rl , rl,.or-1p., ~- IR rlC ~~, N.1.~ Nfd NC~, f"~I~ |~
|~ 1~ 11 .!\L;Cit% '~Pl§8_hL,anA gePtBR?-{‘F NGt AP Eefy CPIN}\IE‘:I}LF RRREMHR surface

N~CcX~CcX~cxX~cXx0 +~_ XW NW NW NW NW NW NW NW NW NU cd W N N F- P03019TB( SG
pattern shape is selected depending on conditions such as the

hardness and elastic characteristics of a polished material,
the size, shape and hardness of abrasive grains in slurry used,

and the hardness and elastic characteristics of a layer other
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The results in Tables 2-2 and 2-3 indicate that the polishing pads of this
invention are excellent in reproducibility with less variation in qualities
in form ng surface pattern by an individual, easily enabll;_%%lgli@[% in
processed patterns to inprove operativeness, and are excellent "in
uniformty in polishing. Further, there does not arise the problem of wafer
renmoval during polishing. [Table 2-4] Polishing pad sanpl ePatternStatic
friction coefficientDynam c friction coefficientRenoval of

vafer2- 13Xkl 41,0092 shdoonaegltl arCivhel ehsl0098NaZhahall t one
dot 0. 880. 72No2- 23N01. 491. 27Yes Exanpl e 3 [Preparation of a polishing pad]

Pol i shi d I - ] f : . uei ght_ of

(Pol L5 ng, pad FATR! end ) A6 Ui e BRABTDLRULNE! Bl S gogn,
Ltd.), 40 t ight of 1,9 ol dimeth | at 1, 9-.NDH,
Kyoei) sha a%%%eiaex%. tsqijt%?])n%r"?& trfl’%%gl:] ?glgsp ?A]g}isrg}%tn%ga)ée%rzléla(&oﬁétshggld ket al
I 651, .Ci.ba- Gei ti d with h i f 10 mi nut
nd t hen ABSSFAA 9IS GOL B Ly BRTAR P HEr e 6ated AT F e TRl BB Sgent

such that the m xture was sandw ched between the PET filns, to, prepare a
non- cr oss 3 PkeaL e suqh psHAABEIRSt ofebhe sl R LAPLARTRSKhERLNY fifem
polishing |layer side of this sanple was cured in a usual manner b

i rradi ati dEswfininy stapd - RpeerthaPrhdshiRg T 16| 3 Ao aRer Bhe @Nﬁ\fé@et o give
a polishing pad sanple 3-1. (Polishing pad sanple 3-2) A mixture of 40
parts by W& ghe riflisloinmdavedi bas di derpgcrymnaee qfl fing-peres Klovdifewa

Chem cal Co. , Ltd. ) , 60 parts by weight of aliphatic urethane acryl ate
(Act i | ane ax7ghe AKCROSCCHEN 1@Ated),, bamdr ithpeire fiyychebghti Wf the mayerdiadet hyl
ketal (Irgacure 651, G ba-Geigy) was stirred with a honogeni zer for 10

m nut es ame liilsdéredaps irediuoeda dhatserreginicd nBEEHE prebdeat ed \wittilekd nigel easi ng
agent, such that the m xture was sandw ched between the PET filns to

prepar e aArerdiegdlyi,nkied fatieeti cof c@e Al ¢ heh hiotkties po.l iEhiisiospagiwe thas
cured by irradiation with UV rays in the sane manner as for the polishing

pad sanpl & gidssAfdRir audé fgain N aREhd whBTe¥@ithdErBvedi § A rgiere iadn ,
polishing pad sanple 3-2. (Polishing pad sanple 3-3) A mxture of 40 parts

by wei ght :@¢fq Bssphanal1+#\ eRo¥Y sl €S (Rt aakutbdce phikeeSheldnifeRaxy Co .
Ltd. ) , 60 parts by weight of bisphenol A epoxy resin (Epicoat 871, Yuka
Shel | Epoxys€Rtie friction coefficient of 1.49 or less is preferable for
solving the problem described above.
The above result alsoapplies in thepolishing stepwithout
a dressing step. The dressing step refers to a step wherein
because abrasive grains, abraded dust etc. in slurry are
accumulated in pores on the polishing surface during polishing,
to reduce the polishing rate, the polishing surface is dressed
atcertainintervalswithaheadhavingabrasivegrains of diamond
deposited thereon, to renew the polishing surface. Even if the
polishing pad is used as a dress—free polishing pad eliminating
the dressing step, the effect of the friction coefficient is

maintained.

However, the above dressing step does not include dressing

50



Ltd.) and 1 part by weight of 2-nethyl im dazole was stirred with a
honogeni zer for 10 m nutes and then applied by a coater onto PET filns
coated with a rel easing agent, such that the m xture wasp: i bet ween
the PET filnms to prepare a non-crosslinked 94 F- POBOlgEI'E?g@)ﬁbEE%) of 2
mmin thickness . This sanple was cured by heating its upper and | ower
parts at 150C and 90C respectively. After curing, the PET filns were
renoved to give a polishing pad sanple 3-3. (Polishing pad sanple 3-4) A

m xt ure of L.t by, i (0] i i i diacra 45,
Csaka O gacr??@u%%eem %gltﬂ(érigg%{rﬁygfoé%%%w{% tg)gﬁpgkgilew%%h lag%rFes(sBé?

1, 9- nonan%gieol o(E{i. 1 t.lplacr%l ate (1, 9-NDH, Kyoeisha Chemcal Co., Ltd.) and 1
part by wei ghp of" eng’yl'p g’l'met hyl ketal (Irgacure 651, G ba-Geigy) was
stirred with a honogeni zer for 10 m nutes and .t hen | ied a water onto
PET {11 coat el RALH ROFEFBABFNG OBRERT (TR T A A AP 4A FARES H 2

sandw ched _betyween the PET filns. The other side of the polishing |ayer
side was PreRdrst &§WCeR Wé‘gg‘,ln&‘néfltt el Pﬁélsgar‘?ﬁl yasfing ¥ifbgative film
having circles of 50 ~min diameter arranged on the polishing |ayer, was
cured by PAPRIPZESSHIR FATEY VAYROUFHGF&afiRY  thecs\PHR GG Ic’rﬁsgt\k)@r @23fenpved,
and the sanple was devel oped with toluene and dried to give a polishing pad
sanpl e 3-4 havi A§ecyFanseistarce@Erha Poil b keg @29 AftHel pdinvemitign
surface. (Polishing pad sanple 3-5) A mxture of 60 parts by wei ght of

ol i gobut aditehle dgiasie ingtity o4t en¢ BAC- Y s asalal Oryeafiearatdeni sadr medestry. ,
Ltd.), 40 parts by weight of 1,9-nonanediol dinethacrylate (1, 9-NDH,

Kyoei sha @Ghem thé Cmnsnitkinendslleasttinn Wéi,ghheofr hahizati@b energy

F- P03019TB(SG di nmethyl ketal (Irgacure 651, Ci ba-Geigy) was stirred with a
honogeni zerf 1 bghtOi snimstuEs iaiénttheandppiuedheyraactoabercamntot BEDdeelds
coated with a rel easing agent, such that the m xture was sandw ched bet ween
t he PET fisufEiciletaiyher side of the polishing | ayer side of this sanple
was irradiated with UV rays, and then this sanple, w thanegative film

provi ded wi t hXYghoenes itwaaed o, the methsdiolpkadatisydene Was iGWied by
irradiation wwth UV rays. Thereafter, the PET filns were renoved, and the

sanpl e wapHeNS, ORGG Wik hetohyene aRdddes8tdBvdiyena g@ii@l@iﬁ@ 1R rsanpl e
3-5 having XY grooves on the polishing surface. (Polishing pad sanples 3-6

and 3-7) AnfodEEr 8hcd QR RN ik MBI GG Phe Aakkkane 120 (KRR M CALS
) and 1 part by weight of "benzyl dinethyl” ketal ( Irgacure 651, G ba-Ceigy)

was stirred wighh canhgagmgtsgkésa {:19%51})?] £8044 65 and &ﬂﬁ_’hgaﬁynip%%i%o% coater

onto PET fil'ns coate a releasing agent, such that e m xture was
sandwi Che%obEEte\Q%%%ltehechFéE-Eoleo@tion containing an energy ray-curing

compound or a thermosetting compound, into a sheet molding and
applying energy rays and/or heat to the sheet molding.
Specifically, the pad of this invention can be produced by
regulating energy rays and heat inducing the reaction and curing
of the curing composition.

The method of making a difference in hardness between the
polishing layer and the backside layer using the composition
containing the energy ray-curing compound can be carried out
for example by regulation of irradiation conditions such as the

intensityand irradiationtime of energy rays suchas irradiation
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to prepare a non-crosslinked sheet of 2 mMmin thickness. This
non-cr ossl i nked sheet sanple was cured in a usual manner by irradiating its
polishing layer side with W rays. After curing, the PEIg] 'bazgyggﬁmrennved
to give a polishing pad sanple 3-6. Then, the other side of the poli'shing

| ayer of this non-crosslinked sheet sanple were irradiated with UV rays ,
and then this sanple, with a negative filmhaving circles of 50 ~Imin

di aneter arranged on the polishing |ayer side, was cured by 96

F- P03019T@§-L§9)c LhBadi-abbaR -Wht BeUVhbay$anshieraatbebe Ege_ Bgmbl s wer e
removed, and the sanple was devel oped mntﬁ toluene and dried to give a

pol i shi ng 3- i | I f Am_] i r,a nged on
t he polisﬁ?ﬁgoéggpggé. %%2@%%2%?3*%%39§§% éa%9§$'%33%5%6oq§h%§fh§ﬁ§ resin
Wl on UR-14 .t ol.uen h et byl _ ketone. (1 by .wei_ght). .sol vent . solids
cont ent 36%99%%%31‘1§§t gégg}’%quoé% o%%?(?s%%.a% ]tL}}é/d.lr)ra, lf%}lgont relleqreré:{gﬁyl ol
propane trinethacrylate .g benzyl _dinethyl ketal.apd O . 1 .

v 0qui nGRESHELRYY R ais iF Qba- A ABEI00 P RGOy 2 GRsdt T24Rd ¢ he
sol vent was renoyed, whereby a solid, phbtosetting conposition was obtained.
This conpd ?t?6ﬁ1§ﬁs°§ iSOREF H@ﬁﬂégﬁ ?F?n%b%ﬁékﬁﬁéggﬁafé Y18 1&tnBspheri c
pressure with a pressing machine at 100C, to give a sheet nDIdLn%.of 2 mm
in thicknéd$° Fhe WY dnde t@ﬁrtehecﬁélrﬁsﬁicﬁgtgﬁ%@@“rc%ild’e0695€HF§ Sheet
sanple was irradiated with UV rays, and then this sanple with a negative
fil m havi §a€itierdeofesptNeme liishdinghbaBer Aaddifgeto (r;%et%ew FORLRG
surface was cured by irradiation with U/ rays . Thereafter, the PET filns
wer e r enpedad, thedadlks istpey ewasutéyed dfwr ekt Forolingne dinftEahenae tio gi ve a
pol i shing pad sanple 3-8 having cylinders of 50 dun in dianeter on the

pol i shi ngmsghbadeal( Bblyisskrigppadesanplke s8cl) agb8agdpekygurethane resin
Vyl on UR-8400 (tol uene/ nethyl ethyl ketone (1/1 by weight) solvent, solids
content 30% naByfaddimedctyy abolia iBesekir ©p regquldding the22efracgite,

6- hexanedi ol 97 F- PO3019TB(SG) di net hacrylate, 1 g benzyl dinethyl ketal
and 0 . 1igdeydsegea o mrRinadt ehhehe WediBpdd Xelbnndeie striahkimig tiyca
kneader, and the solvent was renoved, whereby a solid photosetting

conposi ti of yAs ObtBhdesbmplH ist iReS beOfey@sa tad dwiciesd yetwaagihgl ns and
pressed at 10 atnospheric pressure with a pressing nachine at 100C, to give
a sheet mlidhRGfrgd MdbhY thli kddirss: i videa pb R nsisdia10fnd Aaikekirshiceg | ayer
side of this sheet sanple was irradiated wth UV rays , and then this

sanple W th arBe4atink@ng reaction among the layers, mechanical

characteristics such as hardness and compression
characteristics of the polishing layer can be made different
from those of the other layer. Accordingly, the polishing pad
comprising a 1-layer sheet provided with both a polishing layer
and a cushion layer can satisfy both surface hardness and
cushioning characteristics, to improve the planarization and
uniformity of a material polished therewith.

The polishing pad, or the molding sheet for producing a
polishing layer constituting the pelishing pad, can be ocbtained
by mixing the composition, then forming it into a sheet molding

by a conventional sheet-formingmethod, and photosetting itwith
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filmhaving XY grooves arranged on the polishing surface was cured by
irradiation wwth UV rays. Thereafter, the PET filns were renoved, and the
sanpl e was devel oped with toluene and dried to give a pqu@@bmgT@@ﬁnsanple
3-9 having XY grooves on the polishing surface. (Polishing pad sanple 3-10)
A commerci al polishing pad made of pol yurethane, |1C 1000A21, was used in
pol i shing pad sanple 3-10. The evaluation results of these pads are shown
in Table 3. Evaluation of the polishing characteristics was conducted
accordi ngahoehaegpokafhw@r@aaém | o0 FRLARML A 298ernGR16e@yM PercaM N td H
+~0," Olorl O "> voOcrt~00t1/7v-1a00ll~Mrl ~"".,, ~ ~ r~~rl \r-1 ~

I T A A, -
01000161N61 * ~- @gékllo{ﬂ%;éJ;Jl%%t?_'r"il%oh_ség??g?ﬁ?é‘agémﬂ\grp&f'il}lf%le curing

~

... ~1001a00 ~01

" r 1 NMVOY | 1) UULNE nOONY Lr| OL( 700N Niiv- 1" ~ONNULO=CUTNULN | NU <L -~ U=N_, ~ N Od~
a1 EeRpb Rl PRy Sl TACR R 12 ORI Rt the rezpeREve

W N S0l 00040 U O e L LLLLLLLL 0 T 2T, o MU, 2
NNNN-NNNNRPRRR PERES Léar‘iiﬂlo‘il%g F—%’Féc’lll’t?“ll%‘?@—? rgiucqd pressyree | Tke) e | 7C

IXx I~CIx 19C 1o N IWMNMNMNMNMNVMNMNMNMIY M_ F-PQ3019TB( SG

Exanpl e 4SBXARPEETAY 121 PBI PR T HEPY SR cty O b 1SRRG AAPSr SFothng
material, a photosensitive resin prepared in the foll ow ng manner was used.
258 g pol yheethapédiaginor\Vhrdarereg486tetoru&haBlmet hyl ethyl ketone ( 1/1
by weight) , solids content 30 0 , manufactured by Toyo Boseki Co., Ltd.),
22.5 g 1, 6- hexaBbdiglidinaghaérihapelishgngarad/ isdiee Hijdindeaitakdy0. 1 g
hydr oqui none net hyl ether were m xed under stirring by a kneader ( and the
sol vent wdepeamdnedn hedalhendedolsalapfdisoset Liingtednposl foprxaaplebt ai ned.
Thi s conposition was sandw ched between filns and pressed at 10 at nospheric
pressure whehlal gressi ng urechindhat raQ@Coft ©. hiteel Gmpheetheshdickgests 1. 27
mmin thickness. This sheet nolding was irradiated with UV rays for a

pr edet er notiethé¢ ipve, i sdnichg pedoi hierorsd geedetrhbadynBsk ta Snmhawe tigl lamdesi r ed
pattern drawn thereon was irradiated with UV rays, and after the filnms were
renoved, blefsiaplywas3 deyeél aped.whdre thhebackasddriegeati 58EphantdQym nut es
to give a (nonporous) polishing layer. The pattern filmused was the one

gi ving XYakathhead @reoveRsckae9oVer Wil b s HiIRg QraBte ideptrb F@ r& b
groove pitch 15. 0 mm to the polishing surface of the polishing | ayer

The pol i shi.a0tb ay i, UREHe W% ARIIRE 0C YL £6 1Y Bmd St k1 Qﬁox@pwﬂeﬁ}agilgnetér-
The storage el astic nodulus of the resulting polishing | ayer was 350 MPa,
and the (.3 to 2 mm.
In a preferable mode, the polishing layer is formed into
a sheet molding of the curing composition foamed by mechanical
foaming or chemical foaming and then subjected to light
irradiation and development to form a foamed layer.
The cover film or the substrate is a film made of an energy
ray-permeable material not interfering with light exposure.
The cover filmand the substrate filmmaybe the same ordifferent.
The substrate may be a thin one similar to a film or a thick

one like a plastic plate. The usable filmor substrate includes

a known resin film, for example PET film, polyamide film,
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tensile elastic nodulus was 860 MPa. 100 F- PO3019TB(SG (Cushion |ayer) A
pol yet hyl ene foam (Toray PEF, manufactured by Toray Industries, Inc.)
having a surface brushed with a buff and subjected to cRIgR, H@@%@f
(thickness, 1.27 nmm storage elastic nodulus, 7.9 MPa) was use ol i shi ng
pad) A doubl e-tacked tape (Double Tack Tape, manufactured by Seki sui

Chem cal Co., Ltd.) was stuck on the other side than the polishing surface
of the polishing |layer, and the cushion | ayer was stuck on the

doubl -t alierhfsaee 1 FHY bigh 0 dloubk g1 50 q«}pg%gﬁl s S1ekan Jhgsi de of

the cushion l"ayer oppoSite to the polishing-l to prepare a polishing

pad. Exanple ﬂb éﬁgh'ff" %‘é("%ér P&el%?ﬂ)&psir%(ttl}%lae%ﬂ%%fmnﬁgﬂil%gld& Exanpl e

4-1 except SR |n the po |sh a so

phot osettlﬁngC co OSI tlm%rl(ﬂtnr%%{at qbel o 2v§8mg ap%l Wﬂr et hane resin(Vyl on
I'e

UR- 8300, sol ven ol uenel e Stone 5t oo y weight) ( solids

{1 et hyi ol by&%@%ﬁ%t% PREEhatr l&fgﬁl% 5"%%%?65?&&%% REEHOSTERE 0.1 ¢

hydr oqui none nethyl ether by a kneader and renoving the sol vent was used as
the poli sy A5y ifomd ff AESian ofhé Stideigd el DS RAUSTE t he

resul ting pollshln%QIa yer was 200 NPa and the tensile elastic nodul us was

690 MPa. TB&SHI% 4 e1gaver Eidgrer gt SG)bS/&&@itlesﬁiLﬁaﬁ%&wv&@tp?%p%ﬁeéH |n t he

sanme manner as in Exanple 4-1 except that (in the polishing |ayer)

Exanpl e 4-1, aThsl gedepolfydretRanecsneablyperyhed with %fbl%lé%#ﬁé?aftircét hane
pr epol yner (Adlprene L-325, Uniroyal) wth a curing agent

(4, 4' - mretdgdrenddy Q@\@ﬂ@mrﬁﬂam O lagtstisHd vasf rorpeldaiimignd ayan f or mi ng
material to prepare a (nonporous) polishing | ayer (polishing |ayer

t hi cknesscellea@Angrhe fahd, tthe spa k igty ognsamireel of wi hb dpelti &bl higsd layer was
formed XY latticed grooves (groove width 2.0 mm groove depth 0.6 mm
groove pitthehsdbf&cappthyrashertesrniadtirpansch aakidddgienatdeopadl irsitient), | ayer
was cut into a disk of 60 cmin dianeter. The storage el astic nodul us of

t he resuldridighpodpshmig diayRiceV@atZ@@nMPRapanik ske elcersli depehashy rodul us
was 1050 MPa. Exanpl e 4-4 Apolishingpadwas prepared in the same manner as

imr;I gégnplc%rﬁilti@ecseahchhaﬁ thiehhbanpekisid RY alsakes fhhPaExafpbeids bt a
amaterial tobepolished, thesize, shapeandhardnessofabrasive
grains in slurry used, and the hardness and elastic
characteristics of a layer other than the polishing layer in
the case of a laminate.

By forming the surface pattern of the polishing layer,
it is possible to improve the fluidity of slurry, to improve
the retention of slurry and to improve the elastic
characteristics of the surface of the polishing layer. Forming
surface pattern of the backside layer can give suitable
cushioning characteristics to the backside layer.

The polishing layer in the polishing pad of this invention

can be formed from the curing composition containing a

thermosetting compound to be cured by reaction with heat. The
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pol yester sheet (polyethylene terephthal ate) was used as a polishing

| ayer-formng material to prepare a (nonporous) polishing |ayer (polishing
| ayer thickness 1.27 mm, and the polishing surface of tﬁupd@ghb§gkﬂg | ayer
was formed XY latticed grooves (groove width 2.0 nmm groove depth 0." 6 nmm
groove pitch 15.0 mm) by an external neans, and then the polishing | ayer
was cut into a disk of 60 cmin dianmeter. The storage el astic nodul us of
the resulting polishing |ayer was 795 MPa, and the tensile elastic nodul us

-, i 3 . i.shi d
was 1200 WRayoL02f m&l%%%@é%egg%ﬁ@f' gglﬁ‘ﬁgﬁhgltaﬁ(e]r ARPreshirgpadwas

prepared in the sane manner as I n Exa xcept t In the polishing

| ayer) in f'%ﬂ(%:i?t %‘ﬁilrhrbé ?ﬂ?@gcg%fy Eﬁgtﬁrfh;c{lgsril acigggg rJeFSEHL@%tf“é &d gy Rodel )

was used as a polrs ayer-formn are a (nonporous)
pol i shing_| (pol.i shing .| hi ckn , . and, t l.i_shing
surface ofegﬁgkpéﬁF% Pﬁén §§%¥€@%ém#%$%§%3%%0ﬁ§9§?%gaﬁgﬁgg@%%% nggye wi dt h
2.0 mm groove depth . 6 roqvie pitch 15.0 b n _external, nmeans,
2nd then EHE ot PERFAG LAY SR Tty o 502t ArR ISR Qe BR R R | The
storage elastic nodulus of the resulting po]ijshing |ayer was 190 MPa, and
the tensi Iaélde}’é(sYPEYPrﬁauFBE %%n*?béyl\@&af%hjel%‘glfi ¥ nof BHied in the
Exanpl es and Conparative Exanpl es were eval uated for polishing rate and
pIanariza@ﬁ&ﬁfﬁﬁﬂ%ﬁﬁé?F§PP€§l&@é&&ﬁ%ﬁf?%?ﬁ?@ﬁ?ﬁﬁ?§HH%§7§%%H%£%F%¥%&Hhod
(B). The results are shown in Table 4. [Table 4L

St or agePoltieshiong Lbcal AbFedi OnERaSLVE PGB heprEh@Ed1ha 3 oo LRTRRF@HUTS of
the(/mn)in step[,~zn space (~)polishingheightlayer

( MPa) Exanmplegdsn. 580 1medos 8044 i Exeempt @ 2002¢ 902040 £50 0zh vEkeah PEPORrE3E8$0014004
- 3Exanpl e7951350110013004-4 103 F- PO3019TB( SG Conparati 190220013004600ve
Exanpl e4- BuRhomst he ndesglst $helrele timeeTabl e 4-1 , it is recognized that a
pol i shing pad having the polishing |ayer and the cushion | ayer wherein the
st orage el asti c Tiredahesmof etthid ngolciogipongd aper beass200 wiRaocor aowe, and t he
storage el astic nodulus of the cushion |layer was | ower than that of the

pol i shi ng paaydrcudanr ildprides ipinariarsiofaln ez cuariac erdastiios, ocsams &y6- 1) 84
parts by weight of a polyner i , a . a styrene-butadi ene copol yner

(SBR1507, hearifmact UEREMPYed SR reolli mallide Bipowgir@ii rodueh a8 A hdnal vl

met hacryl ate, 1 part by weight of a photo-initiator benzyl dinmethyl ketal

and 5 par s ey x¥eirgBlnof bdsphadbiCi Z&poxy | £dk Th SEHEEITE nNRY 16 Ko leied,

nmelted and mxed in a tw n-screw extruder, and extruded through a T die.

The resul tigg rshesl s yB8 098 Md W8 hel WeeBsPET Jgdxr &6 14 08+REMddbxy
resin, urethane-modified epoxy resin, alicyclic epoxy resin
having a skeleton such as a cyclohexane, dicyclopentadiene or
fluorine skeleton, hydantoin epoxy resin and amino epoxy resin,
maleimide resin, isocyanate group-containing compound,
melamine resin, phenol resin and acryl resin. These are used
singly or in combination thereof. In a preferable mode, the
thermosetting resin is used as a curing composition to which
a curing agent was added.

Examples of the curing agent include, but are not limited

to, aromatic amine compounds such as bis (4—-aminophenyl) sulfcne,

bis (4-aminophenone)methane, 1,5-diamine naphthalene,
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t hi ckness and pressed against rolls such that the whole thickness of the
sheet becane 2 mm to form an uncured cushi on sheet. Both sides of the

uncured cushi on sheet were irradiated with UV rays to cuge
surface, and the PET filnms were renoved to give sanple gﬁ%&?@g*ﬁ%ﬁ(‘i’)& 2)

One side of the uncured cushion sheet obtained in the method of formng the
sanple 6-1 was irradiated with UV rays ( and then 104 F- P03019TB( SG PET
on the other side was renoved, and a hal ftone dot negative film (diameter

of light \-Agg&)g%mh%nreecgi%n& ﬁ—gﬁbnghéham%x@%ﬁﬂ%ﬂpﬂéhﬂggg ﬂ%@ﬁ%ﬂt ers,

1.2 mm) aced thereon, and the negative m was | rated wth W

rays . After._iyradiatign,, i.Qn..sheet was di pped in a m xed sol vent
of tol uentezl’get lfﬁqg?tﬁyﬁ’ée%%ﬁg%?*%;ﬁf%%ﬁ%%éi ght) and rubbed with a nylon

brush in the sglvent .to wash.away the uncured. region. _The resulting pattern
cushi on stedt b amiaael it Brer=2e HoE St Frad Bianiben Sddprate das
cured by irradiation wth rays. rempvi ng the, PET sheet qn the

backsi do, “EHAR COBSOUIS Hhr AL HRAS OHeTaboor ChEHY SES 5 H4d8i8%s mm i n
depth. (Sanple 6-3). A commerci.al nonwoven fabric cushion |ayer, SUBA400
(Rodel ) w&s "Feedhyd edgnped temg neyy dighhydamdnioptiodWapledeof the sanpl es
are shown bel ow. [Table 6-1] (Shore A) ConpressibilityConpression recovery
(Sanpl e 6hEKRIGTAYE egSa iegliFe21826.C80¢. SdaMINe - 6-135PEoFe8e0 dEaEH "Sanpl e

was | am nated with a commerci al pol yurethane polishing pad | C-1000 (Rodel)
and eval u¥®tiéed 4gmiperidshiertd vdh digycdohervds merhame e PRllyaeitdy ledehod C. The

results are shown bel ow. 105 F-PO3019TB(SG [Tabl e 6-2] Cushion
| ayer Pol i sliiaig neagnd(Rg Wi eijhuni ddmmimng ,opol iemsnpbmédExeompeund, fatty
6- 1Sanpl e1922. 2Exanpl e 6- 2Sanpl e1882. 0Conpar ati ve Exanpl e 6- 1sanpl e1003. 5
<[I1] Sl urcidarkypoidshisvylpadddaenyl escofinticeashwdriidé r o lpysldigtiiong pad
of this invention are described. As the resin formng the polishing | ayer
of this i rnydrdine &dhe porlearaliaig avhnydr jdeupd iphatie sabdendfyd2Qdes 1500
eqg/ton can be used without particular Iimtation. The resin nay be |inear
or branchegichang maxkahgde odphhaldicuaehiyaiikg inde chai ns
methylhexahydrophthalic anhydride, aromatic acid anhydrides
such as phthalic anhydride, trimellitic anhydride, benzophenone
tetracarboxylic anhydride, ethylene glycol bistrimellitate and
glycerol tristrimellitate, phenol resin, aminoresin, urearesin,
melamine resin, dicyandiamide and hydrazine compounds,
imidazole compounds, Lewis acidandBrenstedacid, polymercaptan
compounds, isocyanate and block isocyanate compounds. These
curing agents and their amounts are selected suitably depending
on the thermosetting resin used.
For the purpose of improvement of polishing performance,
improvement of mechanical characteristics, improvement of
processability, etc., the curing composition to be cured by

heating or energy rays in this invention can be compounded if

necessary with abrasive grains and other various additives.

56



added to the main chain thereof . Insofar as the ionic groups are contained
inthe resin, they may be present in either the main chain or side chains.
The ionic groups possessed by the resin include anionic gprogp3ossEG)as

car boxyl group, sulfonate group, sulfate group, phosphate group or salts

t hereof (hydrogen salt, netal salt, ammonium salt) and/or cationic groups
such as primary to tertiary am ne groups. Anong these ionic groups, a

car boxyl group, amoni um car boxyl ate group, sulfonate group, alkali netal

sul f onat e pghap1eaBrbenBr £&L 8D s Usech udX efar Al Ry maPhes 8k orbe risesi n
i ncl ude polyeSter resin, polyurethane resin, acryl resin, polyester

pol yur et h eS| - ( $G . ﬁgﬁﬁﬁk ter
resinis %gﬁﬁfgéFgfﬁgﬁﬁfﬁgéﬁggﬁégI?h?gﬁéﬁ§%3ter es%%gﬁg?rﬁggﬁggk¥%§d with
ur et hane, ,ac o] et.g. . i haf t Y/ r (e PP scri bed
as a typi (‘?§| ﬁgggr%rpﬁgofgg%he%le@%&%%% nkgéaftoﬁ%?ygrggulg%ttﬁr? r{ ﬁzllhrq 5&38%

descr i bed ;abover,, (Palvestar (fesi) . The Dol yester K83l

basical ly by'poTycon ensatlﬁg a polyva enite car ox?llg

s.,obt ai.ne

aCit&lé). toflflgged

pol yval ent al cohol. Majnly, the pol yval ent_ carboxylic acid includes

di car boxyﬂa@eééia&saﬁﬂdl%"c]\r/‘éd%n% 2FesPhet Hbt Lo dirc SPB R 197 186F-ds

i nclude, fqr exanple, aromati,c  di carbgoxylic, QidSSU%H ast erephthalic

aci d, i soptiRgl PRT&dicdesr CoShtlASOR: OXd ,(f}g}ﬁéﬂvh HEHE M OFd “&nd

bi phenyl di carboxylic acid. The aromatic dicarboxylic acid is used

pr ef er abl Y &lNMdR3A e COF 1T REide diceFdid,- nore preferably 60 nol -~ or
nore, based on the pol ycarboxylic acid conponent. Anong the aromatic

di carboxyl i c acl@er terepmypisakis dlhé’ﬁdrgg%iéﬂ%hah%gaﬁide%r@%ﬁ &0er abl e,
and these are used preferably in an anount of 50 nol-~S or nore based on

t he total bavenheresdi kea®degdded 46 dbe. roltahbbdyla e bt Paeferabdan t he
aromati ¢ dicarboxylic acids include aliphatic dicarboxylic acids such as
succi ni ¢ ®cildd de¢agisc ed¢i-d, azel ai ¢ acid, sebacic acid and dodecane

di carboxylic acid, and alicyclic dicarboxylic acids such as 1, 4-cycl ohexane
107 F- P03019TBASEhedinaehbikghi deacribed, Svaye) ottex ateai aarlibng iis aci d,
1, 2-cycl ohexane di carboxylic acid, dinmer acid, trinmer acid and tetraner
aci d. The padicdarcleaxlplyics Aoy @s genelkadec@h t phqtnectioyd ahidcy cdhee difeardioxy! i c
aci ds contai ni ng unsaturated doubl e bonds, such as fumaric acid, nmalefic
acid, itagerhedaci s L£ibhagani coaCiy mbexaly digphbhabé madei §f coating

tetrahydrophthalic acid, 2,5-norbornene dicarboxylic acid or anhydrides

thereof. methods of using a doctor blade or spin coating after melting
ordissolutionof thecompositioninasolvent. Thesheet forming
method includes known sheet molding methods such as extrusion
molding thorough a die, calendering etc. by using a pressing
machine, press rolls etc. under heating.

In this invention, the sheet molding can be used in various
forms. For example, the sheet molding can be used in the form
of a sheet, disk, belt, roll or tape. The form is determined
preferably depending on the mode of polishing.

When the sheet molding is formed by applying the curing

composition to be cured with energy rays particularly light,

the process may comprise the steps of dissoclving a
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As the polyval ent carboxylic acid conmponent, tricarboxylic acids and
tetracarboxylic acids such as trinellitic acid, trinmesic acid and
pyromel litic acid can be used as necessary. The ponvannpoghggﬂgsc}
conmponent in this invention includes, for exanple, diols such as etﬁylene
gl ycol, propylene glycol, 1,3-propane diol, 1,4-butane diol, 1,5-pentane
diol, 1,6-hexane diol, neopentyl gl ycol, diethylene glycol, dipropylene
glycol, 2,2,4-trinethyl-1, 3-pentane dioI 1, 4- cycl ohexane
di met hanogh SRbLC 9%)&99%01 45 pf hhed}f/é ane, 'com@oﬂcmé Qleenyir?raesawgatc

€ gl

et hyl ene uct, podlyet ne g yc pol ypropyl ene yco
| yt et t di ol
Such as hy %%ééﬁ i §5Rkonth %ya%"% e TN P S ]
I de adduct A et ' dduct
223"&33%@2'&1@9&%’%@& %%Lﬁﬁﬁf“uﬁﬁtﬂs%;Z@%gﬁ%waﬁ 4”40%“%0% 88000
108 P03019TB§L§§)

| cohol | udest ri ol ssuch astrimeth
o ol Coone Al L P LR 0L LRV b e F R

pentaerythritol. As the pol yval ent al cohol co onen% ol yval nt al cohol
conponent §POEREE FRAGT undHt lé&aﬁﬁﬁb 8UHBAGS Hes §¥§8§ 98 f8noal | yI
et her, trlnethylol pr opane nonoal |l yl ether and pentaer¥thr|tol nDnoaIIyI
et her canlB¥egskayingitisher f«‘ﬁ@PagaEFElbawe%teae? Hhég ﬂ rH}@e?O&slé of9
aromati ¢ oxycarboxylic acids such as p-oxybenzoic aci

p- ( hydr oxPeghang)ddiysitc haviagi highier i 5+ tis m@lu;%MSyvaP@ n*éh%rchoWleu c
aC|ds and pol yval ent al cohol s described above. The nunber-average nol ecul ar
wei ght of Phd igbliygsred rasi givingr sfigiadblty 300Gheoreddebdnan®dre preferably
4000 to 30000. (Introduction of ionic groups) The nethod of introducing
i oni ¢ groups infbetdtreshisningslaysr pavtinguhaghgt i gnngetk s Hdri it dben on
ofionic groupsinto the polyester resin, there is a nethod of using
pol yval entthear béxyheée pali stsi ranglaat ipallydalse ne sahcbHbhahs haviln gl sofioemgdoups
not reacting with carboxyl groups or hydroxyl groups in polycondensation of
t he pol yegbakur8ttaneqnaesd fol pethdeené endef@and e rupbéyy aloenrtf caarcioxyl i ¢
aci ds containing sul fonate groups, such assul foterephthalic
aci d, 5- sulgbaiyaephit fiakh @ sagufbed-51t Hephebahdte i, a nonwoven fabric,
4- sul f onapht hal ene- 2, 7-di carboxylic acid and 5[ 4-sul fophenoxy]i sophthalic

acid, as WehbnasvaR!AIbSA tisy reemedld WRERCREHOXYld E1aEEEE CXhttaietidlg

sulfonate groups, such as sulfobenzoic acid and netal salts thereof can 109

F- P03019T@§%3m1nat1ngsuchacushlonlnglayer,theunlformltyofapartlal
pelishing rate observed at the microscopic level is improved.

The layer having higher elastic modulus than that of the

polishing pad and giving rigidity to the polishing pad includes
resin films and sheets of polyethylene terephthalate, nylon,
polycarbonate, polypropylene, polyvinyl chloride,
polyvinylidene chloride and polyacrylate, and metal foils of
aluminum, copperandstainless steel. Bylaminatingsucharigid
layer, a polished material can be prevented from being
over-polishing in the periphery thereof, and the polishing

planarization of a polished material having a plurality of

exposed materials can be improved.
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be used to introduce ionic groups into the termnals of the polyner. For

i ntroducing ionic groups into the polyester resin, the polyester obtained
by pol ycondensating a pol yval ent carboxylic acid with a.ﬁgb%bqb@ggxalcohm
is used as a mmj or skeleton, and side chains having ionic groups can be

i ntroduced into the polyester. For introducing side chains having ionic
groups, polyval ent carboxylic acid and/or polyval ent al cohol having a

pol ymeri zabl e unsat urat ed double bond is used to introduce a doubl e bond

into the polyesggr, iB\BkBQ‘.ﬂ’ﬁg EXaQEi‘EEaE%X”‘%%%Eoge\é%&'i‘ng Ladi cal

pol ynmeri zabl e nononer “havin n-1onic group. the radi caF polymerizable
nonomner, i flice rs i ng iQni I, : S W t hout
Iinitatio%aﬁfﬁé%ggkiggl 8ﬁ§%§g§ga g%ﬁoﬁo%é §§r§l§§§§i%?§é§§F§ ?%ose havi ng
| oni ¢ 07 OUps.ANd L heses TDNOMBLS, can (e, used: L0 conbination ikl ihose not
havi ng any i onic gybup e rati o of e her i cRarn 10 St d& ch&im @ the
pol yester resin is.not, _particularly limted, but preferably the main
chain/sid?aﬁhggntiésiﬁngﬁgtﬁgﬁge of 40/60 to 95/5 by weight. Aternatively,
t he pol yester resin having ionic groups in the above range can be prepared
by regul ating c&PfboR§ lg%nﬁ%l?anﬁw G AN AP I h AR U YoiePest er
resin. For exanple, the polyester_ resin having iqnic groups in the_above
range can2f@esidfaPédabgorhteolackag EaP%r%rbShl}%ﬁfé‘”rm%f TSRy PSups t o
the termnals of the resin by adding a trivalent or nore 110

F- P03019TBESE)- carboxylic acid anhydride such as trimellitic anhydride,
pyronellitic anhydride or phthalic anhydride at the final stage of

pol ynmeri zati on éhsph@rpabyeBeepot bshing Thaveni nitdheymeupssisiuch pasl edr boxyl
group and sul fonate group introduced into the polyester resin may

previ ousl yhiie fovertionthessalttorage adastakinethig hfahhbiPa, oalvoalei, netal s
or am nes by post-treatnent for effectively utilizing the ionic groups. The
nmet al sal ttheanatdriaNdork oMyl ndCahe@o lairgth ey $ales,ispaot paultdrchyl aprlef er abl y
K salts. The resins having ionic groups in this invention may be used al one
or in coniindtiedn thearpiesfoneciessBynmikgmdeiridlhdndside ipolikisker
invention can be used in a nolten formor solution formin conbination with
a resin sekWifg 8slguedthBgeageblin, 961 pXERPE ered e, RO MESIRIs iTESiABSCan be
m xed with am no resin, epoxy resin, isocyanate conmpound etc . and can al so
be react edeRamt,i o1y chhieawth reat hed af pleRRLIMNGhaR AGeRaWS ,diagier si on)
The resin having ionic groups in this invention has ionic groups in the

range of 20.40sk0Q4 8%t 35 1and Aﬁ05§U§ha§Q¢_§@&9éség§p§éghﬁte,to forma
m croscopi ¢ aqueous di spersion by self-enulsification. The ionic groups are

required 5%1@%&%t%@%e resin and photosetting resin are preferable.
(Polyester resin)

The polyester resin is composed of at least one member
selected from polyvalent carboxylic acids including
dicarboxylic acids and their ester-forming derivatives and at
least one member selected from polyvalent alcohols including
glycols or at least one member selected from hydroxycarboxylic
acids and their ester-forming derivatives, or of cyclic esters,
and the polyester resin is obtained by polycondensation thereof.

The dicarboxylic acids include, for example, saturated

fatty dicarboxylic acids such as oxalic acid, malonic acid,
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resin soluble and water-dispersible. The particle dianeter of such

m croscopi ¢ dispersion is preferably about 0.01 to 1 Nxn. A specific nmet hod
of self-emulsification in the case of a resin (polyesterg ?@§bT )ng a
car boxyl group, sulfonate 111 F- PO3019TB(SG group, sulfate group

phosphate group as the ionic groups conprise, for exanple, the steps of (1)
dissolving the resin in a water-soluble organi c conpound, (2) adding
cations for neutralization, (3) adding water, and (4) renoving the

wat er - sol gﬁ%&g&g%f@} af@egpé?%a%%{m c9iss e'nloeqt ilPhC P, g?% §ks. A

speci fic nethod of self-enm ti'on I'n the ca resin (polyester

rest ) NayLng 209G OLaNge SURNCES g%rBOXpecgngrauearﬁakpgg@tscqaoup

sul fate grﬁup 'and “pRoSpha e "group amoni am’sa cat'i oni c
t
donpr ses 0oR5eRE AichebBaydiy, 5L 3fmt%%r%8 3o aERe R adenoRit
ter-sol bI 2 th
water sl i g nscamaunes ) pechng e 00l e Rt re

self-emul sificatign, an enulsifier and a urfact nt _.can al $9 be

si mul t ane8G<fy ds8d CYALOPRE tRALe PLSBIERRY &Fgéﬁﬁg c&n%oﬁﬁ& oR&*&PEsol ubl e
solvents of relatively |ow boiling point such as nethanol, ethanol,
propanol , SBGREREKY LdCeRSRE, AeBhyl cdPhpraps: SiarbervaRFdP6iGran, di oxane,
but yl cellosolve and eth cel l osol ve can be preferably used. The cation
source uséd 4f@wcﬁeheﬂanﬁz§tqaﬁquhml% RaPrnasbarnapatdceddoxyaiikal i
metal carbonates, al kali netal bicarbonates, anmonia, am nes such as

tri et hyl agicid, amdnddmeanelcadi ner gissemaforainge derivetiansl aheseofz12

F- P03019TB(SG di nmet hyl et hanol am ne, di et hyl et hanol am ne,

nmonomnet hy ludisetthiaadlesm ats,y dbermeb dwy i @abhadelsachress fusaphoaohd, maleic

am noal cohols, cyclic amnes etc. The resin formng the polishing layer in
t hi s i nvenidnahd, ifatorekamuie], arpesyaerfoesingwearisiat ives rohiewecain is a
pol yester containing at |east 60 nol-~ aromatic dicarboxylic acid in the
total carhodylairomadiid carReborlylier agdldgesieh pel yurtabhantaddrpricidlg t he
pol yester as a mmjor constituent conponent, and the side chain is a pol yner

of radi calispehyraniizaklcs dyoreFeps thantiai Ricid , hydnephiil nethuncti onal groups.

Wth respect to the conditions of the side chain, the side chain is

pref er abl - R@RHpheha1adieCald ipRleyiRiel 223lde MORCIRLhthalene
dicarboxylic acid, 1,4-naphthalene dicarboxylic acid,
1l,5-naphthalene dicarboxylic acid, 2,6-naphthalene
dicarboxylic acid, 2,7-naphthalene dicarboxylic acid,
4,4'-biphenyl dicarboxylic acid, 4,4’'-biphenyl sulfone
dicarboxylic acid, 4,4’'-biphenyl ether dicarboxylic acid,
1,2-bis (phenoxy)ethane-p,p’'~dicarboxylicacid, pamoicacidand
anthracene dicarboxylic acid, or ester—-forming derivatives
thereof. Particularly preferable among these dicarboxylic
acids are terephthalic acid and naphthalene dicarboxylic acid,
particularly 2,6-naphthalene dicarboxylic acid.

Polyvalent carboxylic acids other than thesedicarboxylic

acids include ethane tricarboxylic acid, propane tricarboxylic
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satisfying the following requirenents (1) to (2). That is, the side chain
is; (1) In the polynmer of radical polynerizable nonomers constituting the
side chain, electron accepting nonomers wherein the a val ygaj a
value is 0.9 or nore and el ectron donati ng nononers mhe?t?ﬁspﬂg¥§&¥§1ue IS
-0. 6 or less account for at |east 50 weight of the whole radical

pol yneri zabl e nononers. ( 2 ) In the polyner of radical polynerizable
nononers constituting the side chain, aromatic radical pol yneri zabl e
nononer sa nt t_at .| hght _=.qf 2 L adi pol ymeri zabl e
nnnoners.ggﬁé’rg ?83? Bgﬁgééﬁggggﬁgggnﬁgﬁgfsb gg@ggggfég é?gé'chain 113

F- PO3019TB($G) ;are.conpoesed, nmai nly of radicgal, pol ynei.z e.nononers which
shoul d be%l %%@ﬁﬁéfigﬁlgf F53P85¥cp8F§§érﬁngﬁengno%é gg&ﬂérein the a
value in th a_yal ue,proposed_by Alfrey-Price is Q.9 ar nor referably
10" or orB ERGREL B ARaRPgas. B e A R SO 8 el ReERE A val U
is -0.6 or less referably, -0, 7 or ]ess, por referably -0.8 or |ess.

| arge mnus a vgpgegiﬁanétégc}TQﬁ ?i&ﬁhﬁﬁ%ﬁnﬁi St 2y §%8¥9?8ﬁ
donati ng substituent groups, and thus el ectrons not articipatin% in

bondi ng, PrESeAt I rF THRRWSRSEIBEAHI Ay I @FPL NGty CPhr StesbyIeREs
indicating that the double bonds and radicals formed therefromare

negat i vel glgelari tetetionlene Wueel hand Putyiege PHire hukbérbusdiledtes t hat
t he pol yner has strongly electron withdrawi ng substituents, and thus

el ect rons gAgcopar? i Tripaty hene wlyeedi ng, 4-bregéane flygsht dr A-EENHERG ng
regions, are deficient thus indicating that the double bonds and radicals
f or med t hddeflr, ormecepentosoliveely hobdréxane dildn b, 2 acly cbdheanendiodabl e
nononer having an el ectron donating substituent group, that is, a nononer
havi ng a llaBgeyrilohsxaneakdieli,s 1¢drbiyreddhexbinea diadi,cal, 2pclygidehiexablee
nononmer having an el ectron w thdrawi ng substituent group, that is, a
nonomer havdmeghanbar,ge ,pHdeycadohekaae dhiak thanoihen ,deegrdohexanan opposite
el ectron state are conbined in copolynerizing radi cal polynerizable
mononer s, dinkerens1Wwhasea -cgdilotkexaner @B thdhiong PQllyrekicaakitbylanhe easily
added to one another are those nononers having an a val ue of opposite

pol arity, qaR@ohhi 3 tendeaerans i1, boR93Q1YIBHSCGy1giceni,ficant as the
difference in the a value thereanong iIs increased. Because nonomers having

a great difhoreneRtnyilhe F1yRbue adke pRaMRlItNArRasi 1k neoRakwar i 2ed, random
copol ynerizafion occurs nore snoothly than bl ock copol ynerization, and the

mononers it he e85 4 19 s8bde LhhPoquinone, 4,4 -dihydroxybisphenol,

1,4-bis (B-hydroxyethoxy) benzene,
1,4-bis (B-hydroxyethoxyphenyl) sulfone, bis (p-hydroxyphenyl)
ether, bis(p—-hydroxyphenyl) sulfone, bis(p-hydroxyphenyl)
methane, 1,2-bis(p-hydroxyphenyl) ethane, bisphenol A,
bisphenol C, 2,5-naphthalene diol, and glycols having ethylene
oxide added to theaboveglycols. Preferable amongtheseglycols
are ethylene glycol and 1,4-butylene glycol.

Polyvalent alcohols other than these glycols include
trimethylol methane, trimethylol ethane, trimethylol propane,
pentaerythritol, glycerol, hexane triol etc.

The hydroxycarboxylic acids include lactic acid, citric
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can be made nore simlar to the nononers prepared as the starting material.
The unsaturated bonds in the nodified resin are derived from unsaturated
di carboxylic acids such as fumaric acid and itaconic aciglppsoabtyisq)
conpounds havi ng a hydroxyl group or a carboxyl group, such as
gl ycerinnonoal |yl ether, and the a val ues of these conpounds are as
positively very large as 1.0 to 3.0 in the case of fumaric acid and
itaconic acid (or 1.0 to 2.0 in the case of diester) because of the
presence gbian ghe¢kr aRiWi t hdrawkag §aLROXKLqebQYRCasikhacsHbstituent group
in an unsaturated bonding region, and thus its unsaturated bond is
positivel y_ L o[l Qe a_ ypounds are as
negativelé 5§?$Bk§§ggyggb-§cgﬂo ?0K§§B?659E8§ghgg %?q§r|y| resonance and
t hus their _ygs i ti Y RO i ft reaction is
carried o t?ar389%2%9%8P§%§3F?Sgﬁggnéﬁgﬁérg h?gﬁ?&gg ggﬁgﬁg%?zable (that
s, those iayingian aygl us. b opposble, el acliyvuithagr egbdifference) with
unsat ur at 8§ B6Ads TTn 8 Fesih €8 be modi i dd can be uSed to preventing
honopol yneri zat j on of the nonomers, .thus allowing themto react with the
resin to be nodPFiYELIARATEES lPﬁi“ﬁB&rF?@HO?%Eanﬁig‘Prﬁpﬁﬁ 8£89BEsQ
copolynerized with fumaric_acid haying _an positively large a value is
easi |y coPomgibrilzBdPRPPhotBRbABEs NAGLEG CdacdGREINVET VP LER: 42F41LEE, out
of the radical polynerizable nmonomers in this invention which should be a
conbi nati 6%Cef nonomers having an a value of 0.9 or nore and nonomers
having an a value of -0.6 or less, thus inproving the graft efficiency,
whi | e t he (Redivuireghpasi gegawng al |yl groups having a negatively large a
value is easily copolynerized with nononers having a positively large a
val ue, thus inpFbei pglvheeghahe skpiici éacpbitaingdsbyaseacséngand in both
the cases, the anmount of a honopol yner of radical polynerizable nononers
not react bedyistleyahe teesi th polly 1 eddciahnpeessduyed thEhrkainestengeri.s al so
characterized in that gelation can be inhibited by the ratio of the nononer
havi ng anTaevaolguakthadeoresinemhy bee oimadmed bgviregcaing wdlluehef -0.6
or less. In conventional nodification of an unsaturated bond-containing
resin wtkomddnealt speliy@rianable Igopamdys prewhiricigeatn graft reaction does
not occur when the anount of the unsaturated bonds in the resin to be
modi fi ed ii$olcgWnaed ta rigRRRY B t10dnd Pe cpadiverlr PobH PRILvAakIce afRRRNers is
formed, while when the anmpbunt of unsaturated bonds is high, gelation occurs
due to coupld g Ret Wekd tdkalde £BIMPa chald &t IR10e: O thBQ rAPURimedf.
unsat urat ed bonds which can be actually used in the resin to be nodified is
VEery narr @ge S 4l se k8¥§ﬂti's%e%@%§5139€h€%eb@ote{‘ﬂéﬂ bed ik ratio
.9 or

of the nononer having an a val ue of nore to the nononer having an a
val ue of %1@hain extender with the isocyanate—-terminated urethane
prepolymer.

The polyisocyanate includes, for example, 2,4- and/or
2,6-diisocyanatotoluene, 2,2’—-, 2,4’'- and/or
4,4'-diisocyanatodiphenyl methane, 1,5-naphthalene
diisocyanate, p—- and m-phenylene diisocyanate, dimellyl
diisocyanate, xylylene diisocyanate,
diphenyl-4,4’'-diisocyanate, 1,3~ and 1,4-tetramethylxylidine
diisocyanate, tetramethylene diisocyanate, 1,6-hexamethylene

diisocyanate, dodecamethylene diisocyanate, cyclohexane-1,3-
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F- PO3019TB(SG -0.6 or less even if the anmount of unsaturated bonds is
considerably high. In the case of a conbination of nononers having a val ues
outsi de of the above range, the above-described effect is ; i de
chain used in this invention is formed froma m xture Oﬁsfggp%%fﬁﬁxﬁ
pol yneri zabl e nononers whi ch shoul d be a conbi nati on of radical
pol yneri zabl e nononers wherein the a value in the Qa value in radica
copolynmerization is 0. 9 or nore and nononers wherein the a value is -0.6
or |ess, ?Hg theg_ ?gggggghgtgn t hesi de chai ni ncl ude aromatic
radi cal pol'yneri'zabl'e nononers.” The present inventors extensively studied a
cause for.d .l 1.0RI I l.cal praperti hC r
oot st ancé ergcvBpBairekBya R eheR 8, BT I RERL AT HIAREL |
resin to he nodified is _.an_aronmatic,polyester .or polyester Lyur et hane
(referredqfolﬁgp PﬁSPFegléSOSXSQangrn%xghé%gégofggn%%§§V8%B88¥3%Zrties,
dependi ng on the conposition of the side chains , and that particularly
when an aP&BEPE ﬁigggaFOHSP?ﬁﬁﬁiygﬁﬁe gﬁnaﬁgr is used as one conponent in
the side chains to inprove_ the nigclbilit% of thi gain chai n mﬁtﬁ he side
chains , fnéSQEVBRRGPEYLIRPFXYIRE pRYSCYANA5PEYEr OPELYLAIF TRART grirficant I y
prevent ed. \Wen none of aromatic radical pol ynerizable nononer is used in
the side &R&i Asi PhE{&SOCYPRE ABRHRYE ) i §YFSORCXA M he i scibility of the
main chain with the side chains , to cause a significant deterioration in
t he physi ®dls—glopepcyasasersiragitayilgyslebe&yildr Aeitdarnen eéonght®on of its
coating. 117 F-PO3019TB(SG (Pol yester resin) The polyester is a
pol yest er pedutigogiyagade aforat¢etell crusndina oactie dompondift riefiuan edmount
of 60 nol-% or nore based on the whol e acid conponent, and is produced
pr ef er abl ynbynjepdipmemoddingn ehdpshenwiiszalsiéyurdatireat ed doubl e
bond- cont ai ni ng di carboxylic acids and/or glycols in an anmount of O . 5 to
20 nol - %ibasgdnancthte rmiinlacedi aaebhryki prapotynenpsinentd dre tlvar wWaalde
gl ycol conmponent. The anmpbunt of aliphatic or alicyclic dicarboxylic acids
is 0 to 4&nmml thesEhpodyOsatyaendtearaoxysen adnddiynekude 4 eriephideloifc
aci d, i sopht halicacid, orthophthalic acid, naphthal ene dicarboxylic acid and
bi phenyl deapkoxylHeC taeirdofThe al i phatic di carboxylic acids include
succinic acid, adipic acid, azelaic acid, sebacic acid, dodecanedi one acid
and di mer acid, raadyd o B liGahide HigARL ke hbe-ABLdeulAE! ols. As
1, 4-cycl ohexane di carboxylic acid, 1,3-cyclohexane dicarboxylic acid,
132_CyC|OQﬁéa%%lgbq%rQoﬁﬁgﬂlﬂ3yé%uiﬁg 19 an¥dyedes 2her @2fkd . Thene
di carboxyl1c acid having a polyneri zabl'e uUnsaturated doubl e bond i ncl udes
oG, (3-un§ﬂ§%£§%fygdyfgy’ %EUJﬂifﬂ§q$ae%90@o§5e&% q%p acid, malefic acid,
ride, an

mal efi c an I'taconi c aci citraconic acid,’ and the alicyclic

diCarboxwaaf%yfiéy¥gf%&ted polyester, polyether, polycarbonate,
polyester carbonate, polyether carbonate, polyester amide etc.

The hydroxy-terminated polyester includes reaction

products of divalent alcohel with dibasic carboxylic acid, and
for improving hydrolysis resistance, the length of the ester
linkage is preferably longer, and thus a combination of
long-chain components is desired. The divalent alcohol is not
particularly limited, and examples thereof include ethylene
glycol, 1,3- and 1,2-propylene glycol, 1,4-, 1,3- and

2,3-butylene glycol, 1,6-hexane glycol, 1,8-octane diol,
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a polyneri zabl e unsat urated doubl e bondi ncl udes2, 5- nor bor nene di carboxylic
anhydri de and tetrahydrophthalic anhydride. The nost preferable anong these
acids are fumaric acid, malefic acid, 118 F- PO3019THB( I tCwaci d
and 2, 5-nor bornene di carboxylic anhydri de. Fwdroxycarbo?&%??bgg?ggﬁ?uch as
p- hydr oxybenzoi ¢ acid, p-(2-hydroxyethoxy)benzoic acid, hydroxy pivalic
acid, 'y-butyrolactone and E-caprol actone can al so be used if necessary .
On one hand, the glycol conponent conprises Cz-to aliphatic glycol and/or
o1z 2! eblba Y6y cBRd Ay cTbigkahenkafgzaanka M ng o veol, and the

yco y g ,

Cz-to aliphatic I ncl udes et ene glyco 1, 2-propyl ene gl ycol,

1, 3- propane ,digl,, - ol a3 ne ,di eopent .yl col ,

1 6. hexand & 5t éiﬁéfﬁ§&ﬁ%ﬁggégnFX%égSE%?%%1,5-?§%§X2d?o§,ki98gh§|-2-buty|
propane digl ,, hydro ivalic acid neopentyl, gl ycal ter, dinethyl ol
heptane efgoT St THePeber sBat el R e SoiERia StV 2 2y B ek Ene

di met hanol,,. tricycl odecane. dinethylol etc. The ether linpkage-contai ning

Gl ol | i Gde s LB EhEL P b PP P AP S e bF - B B PEPS PaWE ogiry 2ol
and a glycol, obtained b adﬁing,gne nole or a few noles of ethylene oxide
or propyl éRePERPIE NG CBHenBLPE iy 8PEX P YGPIuFSCof bi sphenol s , for
exanpl e, 2, 2-bi s(4-hydroxyet hoxyphenyl ) propane. Polyethyl ene glycol,

pol ypropyl ene ghgchiPasif W?@@(fﬁ%ﬁﬁ%%L@#%éileaﬁtws@laéméé&ri f
necessary. Wien a dicarboxylic acid having a polynerizable unsaturated
doubl e boRdoapdigsewl/ar hekeueene bbs ¢rirBoayild ceshsenemid thead imdddc of 0.5
to 20 nol -~ based on the whole acid conponent, the polyester resin used in
this inveandoalie9cliF-QOSDEIEBPESfetahpri e makinmansdtutieardotyiei ¢ aci d
in an anount of 60 to 99.5 nol-% preferably 70 to 99 nol-% and an

al i phat i c idiocgebestg-ite rading taddh ve thdne ywd e po dincar box§or crexbialing ids anount
of O to 40 nol-% preferably O to 30 nol-% Wen the aromatic di carboxylic
acid is | eedtt haec668ingl, - &d twieepridee azamaltiiicy onk st dee cosdd NG heax parsi on
resi stance of the coating after retort treatnent, and blister resistance
are | ower e@edWiedrt d fub B} i flaiibd nditarexyh b¢ ipbhd iang 8LlialeTyelones.

di carboxylic acid is higher than 40 nol- %, the hardness , stain

resi stancenhare b8eBbkylesi 8¢ 246 6id Rud O Ad aranfloberatseedliPhatine rest er
| i nkages are inferior inhydrolysis resistance to aromatic ester |inkages ,

there ari g8 iphawhlasc SUChuan a8 S18aiGti ©Bch Y, bha pdedd efy ofupelkyaardigat i on of
the polyester during storage. The anobunt of the dicarboxylic acid having a
p0|yneriZ%QEQaic acid, sebacic acid, phthalic acid, isophthalic acid,
terephthalic acid, naphthalene dicarboxylic acid, cyclohexane
dicarboxylic acid (o-, m—-, p-), and oleic acid.
The hydroxy-terminated polyester can have a part of a
carboxyl terminal group. For example, polyesters of lactone
such as €-caprolactone or hydroxycarboxylic acid such as
€e-hydroxycaproic acid can also be used.
The hydroxy-terminated polyether includes reaction
products of a starting compound having a reactive hydrogen atom
with, for example, an alkylene oxide such as ethylene oxide,

propylene oxide, butylene oxide, styrene oxide, tetrahydrofuran

or epichlorohydrin or a mixture of these alkylene oxides. The
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unsat urated double bond is 0.5 to 20 nol-% preferably 1 to 12 nol-% nore
preferably 1 to 9 nol-% Wen the anmount of the dicarboxylic acid having an
unsaturated double bond is less than 0.5 nol-% the effegiphsn nggﬁng of
the acryl nonomer conposition onto the polyester resin is not feasible, and
honmopol ymers consi sting exclusively of the radical polynerizable nononer
conposition are mainly forned, and the desired nodified resin cannot be
obt ai ned. Wen the amount of the dicarboxylic acid having a polynerizabl e
unsat ur at gd ,deyhhe RRfHeh IV BeE rkhaR 198 MRIrchePhYSH €8L1 PEORGRLLSS are
significantly deteriorated, and at the 120 F-P03019TB(SG | atter stage of
graft reaghiafenbheal 8GASLAY Ofyd NEnt SAELIRN SAUdld O It dinlasigaBley
increased to disturb'stirring wth a stirrer, to prevent uniform progress

of the reaction.. The al I tai nin pol ymeri zabl e unsat urat ed doubl e
bond incI%§SS%§F§gé i%e%§%8§%%§I%8? S%F%ffinethylol propane nonoal | yl

et her, pentaerythritol, nonoallyl ether etc. en_the,glycaol containing a
pol yneri zabl e uhgﬁth§F8éYa§86%én8%ﬁ§ Pgaggga,op?ESaﬁgﬁ ugggd ?ﬁran anount
of 0.5 to 20 nmol-~ relative to the whole, gl ycol conponent, desirably 1 to
12 nol - ~, e¥8FB1GesFraBy O PEOYUREP- 9% Veh SHRR (3R a1 SaRFIRET 4 gl ycol
and di carboxylic acid containing a palynerizable unsaturated double bond is
| ess t han1045on5pne, digd el éctiR¥engrarti fgedryiraer §4VERH 'pol yneri zabl e
nononer conposition onto the polyester resin iis not feasible, and

honopol ynPed Yyeshyilenenglagcoilus Propy 16ne: Bd vicedi @a/881 ymeri zabl e nononer
conposition are mainly formed, and the desired nodified resin cannot be
obt ai ned. ppdwﬁemrm@aéwd@n@owﬁ@pilzam@hu@él@tsare@teed digddy i seabopete

pol yester, the dicarboxylic acid and/or the glycol is used, and the total
anount of (tfloe egtammole diphenchrebokyhhtehoirdwoiitadatiponat e df g rexiampdice
unsat urated double bond is up to 20 nol-% and when the anmount is higher

t han 20 nplropylemesicaaboprdaeer.ties are significantly deteriorated, and at
the latter stage of graft reaction, the viscosity of the reaction solution
i s undesirably rher easetlolecdlat Wdl il riniclgdeist bha divalett alaohodwent

uni form 12| F- P03019TB(SG progress of the reaction. In the polyester

resin haviua@d itn0 pr odlctclr iffurtld eRalr oy ~Berreh iprlteeaadpesiteraci d and/ or
pol yol copol ynmeri zed therein, the trifunctional or nore polycarboxylic acid

i nclude (anhydr eug)chaiARldddideackth doapYGidONaY i RYIDiREkist! 2 aaadide

(anhydr ous) benzophenonetetracarboxylic acid, trinesic acid,
hydrogen atoms at the terminal thereof. The compound includes
organic diamine compounds and the above-enumerated
low-molecular polyols. Among these compounds, the organic
diamine compounds are preferable. The organic diamine
compounds include, but are not limited to,
3,3’-dichloro-4,4'-diaminodiphenyl methane,
chloroaniline-modified dichlorodiaminodiphenyl methane,
1,2-bis(2-aminophenylthio) ethane, trimethylene
glycol-di-p-aminobenzoate and
3,5-bis(methylthio)-2,6-toluene diamine.

The polishing pad of this invention has a cushion layer

in addition to the polishing layer. The cushion layer is
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et hyl enegl ycol bis(anhydrotrinellitate), glycerol tris(anhydrotrinellitate)
etc. On the other hand, the trifunctional or nore polyol includes glycerin,
trimethyl ol ethane, trinethylol propane, pentaerythritth@b§01§pgscﬂ
trifunctional or nore pol ycarboxylic acid and/or polyol s copo y%erized in
the range of 0 to 5 nol-% preferably 0.5 to 3 nol-%, based on the whole
aci d conponent or whole glycol nononer , and given an anount nore than 5
nol -% sufficient processability cannot be given. The wei ght-average

nmol ecul ar yej t iesk Bal Se vy J : o, t 000,
desirabIywﬁﬁg?hggga%géﬂg%%§%%§lF% %%QSd?fﬁ%f%ggég??gggyéﬁfﬁéﬁktq? éggoo.
When t he I - aye I rwel_ght i 0 S rd sica
propertie?ggggkégpeg?ggg?egﬁﬂaﬁfﬁga eﬁh?ﬁggge?gﬁ?iggé%%&%ﬁﬁ%?§§8ﬁ§% wei ght
S 00000 10 H0E € LUNE: WSEONIE LT LAS BBREG SHG! 1, OF BT 1y/cPRGLEGRA' ©
prevent uniform progress of the Teaction: ol'yure ne’ resin) e

pol yurethane resin in this inventi.on. s .co sed of 122 F- PO3019TB(SG a
ol yoster LA8FFaie 1oy P i Eal gERY & HLce SRR Conbonne LBYoF Snaace
necessary chai n ext ender  havi an _active hydrqgen_group ( ,_and the
meight-av@iéﬁélﬁomﬁéﬁﬁﬁﬁ %@P&h?gg§ 9605hﬁop?366g6,ga&gyﬁﬁe coNt BT S B f

uret hane |inkages  is_500 to 4000 equival ents/ 106 g, and the_ pqgl ynerizable
doubl e bo#B€rEPE irslugess BORUSVER &FEriGeOpef BRAFVRVERndaPSh§ester pol yol
(a) used in this invention is preferably the one having hydroxyl groups at
bot h ends igpgdegnadieght'idheragd nnobechl 8 RePgR e6ie5000onyoYEnN0Gabpieduced
by using the conpounds exenplified above in the item pol yester resin, as

t he di car Bowykignageidd wddipordyuratageycoo lygeporestn Themsolspedt s

pol yolused in this invention, simlar to the polyester resin, contains the
aromat i ¢ godgulrexykne fwandaodmponeatthy e renfaapuntubdfe 160 ksl rgs br smohe,
preferably 70 nol -~k or nore. The aliphatic pol yester polyol used widely in
gener al palsyhirteidisere r@sher ahdi seyarmpleeydenr adphetoeshait$ivagestimyl ene
gl ycol and neopentyl glycol adipate, is very poor in water resistance. For
exanpl e, talze thet elilsh@dnofl afedycethevioheosichy eilidkeaf salcherr aiceRisitaesi N hot
water at 70C for 20 days is as low as 20 to 30k, while the retention of

reduced Viseeasifly:tofriNgSiB §QMBAb3LNYe LY EOH d&pE&RI M@l o ecrancyipeopift hal at e
as polyester polyol is as high as 80 to 90~ under thesane conditions.

Accor di nglayy, 1H$8nAEAPRAYESI ST RPIEOLBESSHeBNa Rl YPBALH &h i JhilohsacCi d 1S

necessary for higher water resistance of a coating. Further, polyether

pol yol, 123 Formation of the polishing layer and cushion layer is not
particularly limitedandvariousmeans canbeused. Forexample,
the layer is formed by applying the starting materials onto a
substrate and drying them. The substrate includes, but is not
limited to, polymer substratesmade of resins basedonpolyester,
polyamide, polyimide, polyamide imide, acryl, cellulose,
polyethylene, polypropylene, polyolefin, polyvinyl chloride,
polycarbonate, phenol or urethane. Among these materials, a
polyester f£ilm made of polyester resin is preferable from the
viewpoint of adhesion, strength, and environmental stress. The
thickness of the substrate is usually about 50 to 250 um. The

coating method is not particularly limited, and dip cocating,
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F- P03019TB(SG pol ycarbonate di ol and pol yol efin polyol can also be used if
necessary in conbination with the pol yester polyol. The organic

di i socyanate conpound (b) used in this invention |ncludq5P? g ggégﬁiene
di i socyanate, tetranethyl ene diisocyanate, 3,3'-dinethoxy- gnylene
di i socyanate, p-xylylene diisocyanate, mxylylene dllsocyanate

1, 3-dii socyanate net hyl cycl ohexane, 4, 4'-diisocyanate dicycl ohexane,

4,4' -diisocyanate cyclohexyl met hane, isophorone diisocyanate, 2,4-tolylene

di I socyangt@sna fidigly! FB‘E‘ %9%6@5& igﬁaﬂtﬁ’% éfﬁfﬁ&%’g?@h%inéi pheny!|

met hane dllsocyanate I'ene ||soc

di i socyan I 4, i | ene.di .
4, 4" - dllsg%gangfe kggn eth§?c§n§Q§Q%c§ﬂ1 % k gﬁéégg$§%€£2ﬁ1 WltJilhe
chai n ext ender. havi n ive rOggn gl mhlc is u ed if
necessarygl ncﬁd%erm q‘oer %‘?( R % ]g]Eg ;?Iwelnélﬁlcy Slndepr’opyl ene
gl ycol, neogpen | - p opane dIO| di et hyl ene gl ycol,
spi rogl yc8P §ﬁ%¥88g§ Pﬁyﬁeﬁgeﬁﬁﬁggl%ﬁﬁ 188 nessuch ashexanethylene di ani ne,
propyl ene di am ne and hexaneth | en m ne. The_pal yurethane resin shoul d
be (pol yuret hané®r BR¢ APV & G& E&F?‘HGSF’h‘é p“gf%é’ﬁlérswgy JRYEX), the
organi c diisocyanate (b) and if necessary the chain extender having an
active hy@Fobd GrBUPN dpYer s8R BiebAsBeRding Pati Wity NREessaTVe

hydr ogen %roup in (a) + (c) /the isocyanate group is in the 124

F- P03019TBESGFhrangéiehing4ped, 118s (butendedntse /1%) anther® fthelsr aoito of
the active hydrogen group in (a) + (c) /the isocyanate group i s outside of
t he aboveldiaiged.thet gastdizmiely abientbankoes beo ks e ppbhshyngolayen iized,

thus failing to achieve desired coating physical properties. The

pol yur et hasealddyi abased . bnte Birgm ;] andnth®nhiskpesduck dhenca el gn dsgece or
absence of a catalyst at a reaction tenperature of 20 to 150C in a sol vent
by a knowisnmebbad. 0The teolvent. used i ncl udes, for exanple, ketones such as
met hyl ethyl ketone, nethyl isobutyl ketone and cycl ohexanone, aromatic

hydr ocar bonssuclthasp®l Ustien@nd yey esetiwxdofsiiar susiébnabagdhylsuaaatat e and
butyl acetate . The catal yst used for pronoting the reaction is an am ne,
an organi ¢iki B §OUPDENEaOked NEapd Ke.InTHE i BRE YUY €h8aNE] 1851 iy USKRkd Bnt hi s
invention preferably contains about 1.5 to 30, preferably 2 to 20, nore

preferabl ynd £@sdDoRalayasr, 2aB! 150U € RRRES] P a0 i G?é&@hci@jéh: lcanor der
to inprove the efficiency of the graft reaction of cal polynerizable

MONONET S. b'é%emﬁ&éaddws% 95 { t@qspolwsﬁla?@h 1(1%951% ?Qgg@lg gleare the

foll owi ng 3 net Unsat urat ed di carboxylic acids su umari c

acid, i ta%?l”‘cﬁea&ﬁ&f&g YN0 06RendLCAL DXV & 3% 4 R GafONtAINIED i the

also be laminated. An adhesive tape for sticking on a platen
may be stuck on the cushion layer.

Further, the polishing layer in the polishing pad of this
invention is preferably free of voids, and it is more important
for this polishing pad than for a polishing pad having a foamed
polishing layer to retain the retention of slurry between the
polishing layer and a material to be polished. For retaining
the slurry between the polishing layer and a material to be
pelished and for efficiently eliminating or accumulating dust

generated during polishing, the polishing surface of the
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pol yester polyol. 2) dycols containing an allyl ether group are contained
in the polyester polyol. 125 F- P03019TB(SG 3 ) dycols containing an

al Iyl ether group are used as a chain extender. These nay ppgo¥§¢drtjone or

i n conbination thereof . The pol yneri zabl e doubl e bond introguced in 1)
into the main chain has an a value of 0 . 9 or nore to indicate strong

el ectron acceptance , and the pol yneri zabl e doubl e bond introduced in 3)
has an a value of -0.6 or less to indicate strong el ectron donation. In
consi deri pg1the 1dg§9185eaNd sapRudt ook EQ@f@EQB&&OQi%EC%Rh§993f96w§h%CtVOP
donation of the polynerizabl e double bonds intifoduced into the basé resin
in this MBRBLes! bal $148¢y0kekaabolibles [HYHEDL! Oy !0 S 2hiLq! Neduadi cal

pol yrmeri zabl e nononers to"graft polynerization after taking a nethod of
conbi ni ”9e§'aﬁ1g>t1re0.”&qc&%%'eﬁg g%%%v%' 908%9%&%%?1'0‘{1%”9.c%@%%%i%”d the ratio
thereof into Congideration. SAccordi'ng to a conventional t eory on formation
of graft o&rblogg polln¥§5 t he ngnbgéioflpolzgeri%%phgcdoggkelq%gd% per

mai n chai i7 sﬁ&fél ebone perver’ﬁa’l RY chafnt6f Sé’tn & i har© ©°fh pfi-or Satents,
a very narrow range of nearly 1 is actually.clained. In nethods of these
prior patQﬁPQYeﬁhecﬁﬁﬁﬁEg SFoﬁgﬁﬁnenyéﬂﬁga&oﬁﬁpgeﬁoﬁ&g CATPSBELEE  nt o t he
main chain is integrated in fact with statistical distribution, and thus
the propoffegRodft chafhr RafpdiehtshaRter &6 thhePhGRBer PSRN AS 2RI e
doubl e bonds per main chain is O is increased thereby reducing the graft

ef fi ci encyimfffedsuppdbreer apEnys RJLFRFR o alfatl sarf §Lectess depgndi@Jdanount
of doubl e bonds causes gelation. On the other 126 F- P03019TB(SG hand,

t he et ho@nofondisionyandloashekedagingss priml el o chagactiesd sdlicesr nat i on
anong radi cal polynerizable chem cal species has an advantage that the

sui t abl e Pd&ngepeodtiisbedi mg tewd aleqaindebet siizee. shiegle gndf hagthesiserdy and
prevention of gelation is broad. (Radical polynerizable nononer) The a

val ue i n Bhea@izemtaiond insddrreglusedpol Foefozatingmf proposEdcbyghape,
Alfrey-Price, is generally a value enpirically showi ng the state of

el ect r ons pha tan itheatraphtyedahi b&kagsedant ithe cAsthef retk eadl it it padabl e
nononer, and when there is a great difference in the Q val ue, the nononer
i's interpiglied apheielensiift ikRer §ODOIiYTERE PG IMGATAYOR, oand ridhtdiodl ue is
given in for exanple Polymer Handbook, 3rd ed. John WIley and Sons. The
radi cal pelryyBfihgaRbenARNEHRI cPEL £ b he 1353 U@ hMmethod of using a

mold having grooves or an embossed pattern is used in the case
of the polishing pad using other resin than the photosensitive
resin.

The compressibilityof thepolishinglayer inthepolishing
pad in this invention is preferably 0.5 to 10%. When the
compressibility is less than 0.5%, the polishing pad hardly
adjusts itself to a warped material to be polished and may reduce
uniformity in the surface. On the other hand, when the
compressibility is higher than 10%, the planarization ina local
difference in level of a patterned wafer may be deteriorated.

In this invention, the compressibility and compression

recovery of the polishing layer, the cushion layer etc. were
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the Qa value is 0. 9 or nore , which should be used in this invention, is
a nononer having an electrophilic substituent group in its unsaturated bond
region, and use is made of a mixture of one or nore nenq©¢@3gqb@gﬁﬁg from
fumaric acid, fumaric acid nonoesters and diesters such as nonoet hyl
fumarate, diethyl fumarate and di butyl fumarate, nmalefic acid and an
anhydri de thereof , malefic acid nonoesters and diesters such as nonoet hyl
mal eate, diethyl nmal eate and di butyl naleate, itaconic acid, itaconic acid

monoest er §o38dndhest £ Sm tHal £b M &1 54 At iRhehyh i ABlEl Bbdes mdBdured
acrylonitrile, nost preferably mal efic anhydride and esters thereof and

furmari c. agid, 8 BIELSCLNEER] <o} 2o POIRITRESA. JheLadh 8l g

pol ymeri zabl €~ nmononer rern a varue'in a‘vdlue 1S or |ess,

whi ch sho gquggc%%%ggggytgg% %g{gg&%pn, i ncl udes those having an

el ectron-donating su tuent "group i'n its unsaturated bond region, or
conj ugat ed, nononer.s,. -and i S of m xture of one or nbre nononers
sel ected &P@HF?Fﬁﬁﬁlgé&ch%?pGIQﬁgﬂﬁ%ablgz%éﬁgners such as styrene,

oG nethyl styrene, t-butyl styrene a inyl pyrrolid , vinyl esters
Such as vERPTERBIare TGP R Vorar & Q00N Tas Y Bl vi Wi her and vi ny

i sobutyl ether, allyl radical polgnerizable nonaomer ssuch

asal | yl al ddhol {E]@)?y?,}é]rqlfp?ﬁﬁ&;l rypliee hétt tge fPRdriyerfiioto P T mdhiddia i3 08 her

and trimethyl gl propane nonoallyl ether, and butadi ene, nost preferably
vi nyl radi9d&m bodyhess zEpr eb fomdaerdsstienthe 8k§fEne. In this invention, a
conbi nation of the radical polynerizable nononer wherein the a value is 0.9

or nore afd:t heheathtekness yoeribabikesm far wraldigatinn #3180 kPg - 0. 6
or less is essential, and the conbination accounts for 50 wei ght or nore,
mor e pref sitalglsyp 0 rwsilgistecungis ror gheofshieled vimoltder adiad®l Fdl.yneri zabl e
nononers. Based on the unsaturated bonds contained in the resin to be

nodi fi ed, TBhe hhghtlyiclopsd sy et thabskeetd Tdr pelavieg zabl shednhadmerthet hat

is, the nonomer having a large difference fromthe a value of the

unsat ur at etaltend ifort 660 sesiondiso wiehondi flioad) nigs atdntsabreduentan amount of
20 weight ~S or nore in the whol e radi cal polynerizable nononers, while the

poor |y cop@pyiesitzan fr 3di ¢@a palreser ifoablé® weromes tohaheldBeet.
F- P03019TB(SG is, the nononmer having a small difference fromthe a val ue

of the unsgtryr aketiRendsyier the resi B e ngpWaki-ed) is contained in an
anmount of 20 weight o or nore in the whole radical polynerizable nononers .

Wien the forner rihg Lesgidhan,2Q weidhie PQ"HBHEM?‘%A&%&”@ on; 9fi g hadi cal
pol ymeri zabl e nononers occur$S due to a Tow graff 'efficiency onto the main
chain. V\hﬁﬁy be made of an energy ray-setting resin, thermosetting resin
or thermoplastic resin, but in consideration of formation of
grooves etc., the cushion layer is made preferably of an energy
ray—-setting resin, particularly a photosetting resin. The
energy ray-setting resin used can be identical with the material
constituting the polishing layer.
Acompoundexhibiting rubberelasticity in the composition
constituting the cushion layer for the polishing pad of this
invention is not limited insofar as it is a rubber-like resin

having high compressibility with less hysteresis, and examples

thereof include a butadiene polymer, isoprene polymer,
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the latter is |l ess than 20 wei ght ~k, gelation occurs during graft

pol yneri zation, and the graft reaction cannot proceed snoothly. O her

radi cal pol yneri zabl e nononers whi ch can be copolynerizqggb§0@§§§ ry with

t he above essential conponents include radical polynerizable nonoher's

wherein the a value is -0.6 to 0.9. For exanple, one or nore nonomers

sel ected from nononers each having one radical polynerizable doubl e bond,

that is, acrylic acid, nethacrylic acid and esters thereof such as ethyl

acrylate éegraﬁehxhtaaﬁaﬁ@rxbabﬁyme&tregggéﬁeﬂagbgkegeL§stahep9h%aﬁr'zable

nononers sucth as acrylam de and fretahcryfonitrile can be Used. The Tg of

t he side A Laclhl Li qt: h Ln.chai.n,a egul ated, and

arbi i1 ar y PRARYBhal Sy one Bk E e ns BRaekne POt Ik ot i ¢

radi cal paql iz noner nt i.al r..t Si hai.n conponents
gayg%Pepgﬁbﬁégﬁe PRLagERng Et§ﬁekg Slg%k cgﬁgﬁyﬁeg

i nclude r ca Zabl'e nonomers-having an aro c ri‘'ng, and styrene
and styrene _derivatiyes.such.as oG nethyl styrene _and_chloromethyl styrene,
feact on BEGHIEPS Tot- L8 RYAPaAEBEN S PPRLVIF e e UC RRRR AR SIDRSAY oxy et hyl

met hacryl ate (HEMA), .such as phenoxyet hyl 129 F- PO3019TB( SG), .

ory Lt b BREELGECRY Rt ALPYRaY 0 CHOATAFALED! BOSYREITOERSy| SIALRRERYI at o
with aromati ¢ conpounds, reaction products of phthalic acid derivatives
such as ZI&PP?FoyPS%VeéFﬁﬁrbﬁﬁéﬂo§gﬁrﬂﬁ?ﬂ&?éﬂé elasiterersuch as HEA and
HEMA, acrylic acid, nmethacrylic acid, and phenyl glycidyl ether, that is,
2- hyddr oxpo3ypnéaexppeepgy Lherpor)astiCard agirmes - us&g thanenbrggdci ng an
aromatic group into the side chain. In this invention, the proportion of

t he ar omatthermapileslitpsl phesitrasre addofdondae-itypeo therarrlgssdcrnore,
preferably 20 weight ~ or nore, nost preferably 30 weight ~ or nore, based
on t he whellesrtadiecal pol yneri zabl e nononers. (Gaft reaction) The graft
polymer in this invention is obtained by graft polynerization of radical
pol yneri zabl e nBgomeksngi & hp pod yhet zeaby ethundst wraatead adowbhne thdmds nign t he
base resin. The graft polynerization reaction in this invention is carried

out by reatkl digsididralbgal, ivhd ¢aiere 3 111 Bi 8§ xhurf efhd e dalc realsydrr i zabl e
nmononers in a solution of the base resin containing polynerizabl e double

bonds in @&e&ﬁ%ﬂbﬁﬂﬂ@@bd AMdriadhepatafd nbeagiiiakd sof iphithlaedteishe
reacti on product consists usually of the non-grafted base resin, the base

resin, anguR@nsHdahé ey DpRRRah ¥rRS, Rildt BAdhH £19411 4 €e | BepaEdl brralurRe.,
Cenerally, when the proportion of the graft polynmer in the reaction product

LS |0“’“hbh%ebQ§leﬁEﬂ%ﬁEQ%,OBiBQ%?QOBhQB%ﬁ%%Q,b@§QZa%QhQQEéQ§§fted

onopol ymers is high, the effect of nodification i1s |ow "and 130
phthalate, diisononyl phthalate, diisodecyl phthalate,
ditridecyl phthalate, butylbenzyl phthalate, dicyclohexyl
phthalate and tetrahydrophthalate, fatty dibasic esters such
as di-2-ethylhexyl adipate, dioctyl adipate, diisononyl adipate,
diisodecyl adipate, bis-(butyl diglycol) adipate, di-n-alkyl
adipate, di-2-ethylhexyl azelate, dibutyl sebacate, dioctyl
sebacate, di-2-ethylhexyl sebacate, dibutyl maleate,
di-2-ethylhexyl maleate, and dibutyl fumarate, phosphates such
as triethyl phosphate, tributyl phosphate, tri-2-ethylhexyl
phosphate, triphenyl phosphate, andtricresyl phosphate, aswell

as chlorinated paraffin, tributyl acetylcitrate, epoxy
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F- PO3019TB(SG) further an adverse effect such as whitening of a coating due
to the non-grafted honopol yners is observed. Accordingly, it is inportant
to select reaction conditions achieving a higher proporty@nzphotBgs@raft

pol ymer formed. To carry out the graft reaction of the radical

pol yneri zabl e nononers onto the base resin, a mxture of radica

pol yneri zabl e nononers and a radical initiator may be added all at once to
t he base resin dissolved in a solvent under heating, or added separately

dropw se LHhgEele;ouek gngrgggggé 'Seglggqugggggwed by heating the mxture

to permt the reaction to nder stirring for a predeterm ned tine.

In a preferable I 0 | Si 1 r.adi.cal pol ri

nmononer havi ng ggg‘gngﬂ%gg?h e%%%(%é#l?%%n%%gﬁaéd\}gﬁlurggdg&aet %glségfayngrg?%gbl e
doubl e bonds .i.n ihe. resin is.ftirst ded d then radi

ol yrer 1 2 2Bt RO kar Aag g o FRt g e erehte hs e oY refassire e

pol ymeri zabl e_doubl e.bonds_in_the base resin, and an.initiator, are added
(i opped ¢ HBr BP0 SHaPELS P ENRYcF RO TEr ot 97 Tonod M) REAEEngRRESm xt ur o
to allow the reaction to proceed under stirring . for a predeterm ned tine.
Prior to PRE Y36t FRMCUPREOBIed SFadh o RICEHESOdNAME At GIPHE POAIGEd i nto a
reactor, and the resin. is dissolved by heating under stirring. The base
resin/ sol vent r &Pt syi1REPRRLORs B YABFy & HORPBET ARge? B 2PBASAZEE 130/ 70.
In this case, the weight ratio is regulated in such a _weight ratio as to
enabl e unitPorhiekddia aRove Phetpolyhbipkaridhr stege pAdednsemeditéd 131

F- P03019TB(SG of the reactivity of the base resin with the radi cal

pol yrer i zabPemiwadnee sf e asoiubikit ndg nthagl weddedThatgrafsheatact Tbe
tenperature is desirably in the range of 50 to 120C. The desired base

resi n/ r adimedhogobymeikzabl eheosbartinatmatdyiaks gitcudasblbaitf dis nled obj ect
of this invention is in the range of 25/75 to 99/1, nost preferably in the
range of 30miGetioc®5t6chnitieesw fahe baseg maslmisice thhaiim atwdny sctken t he
wei ght ratio of the base resin is not higher than 25% by weight, the

excel | ent eperideraheateld ke abasampeesithirdehdghlked thhovehet Tat (oglaski gh
processability, excellent water resistance and adhesion to various base

nat eri al s tganrRatibe ehipletiaemirly ethithiet pdlymetei ghheraétRoaf othe base
resin which is not |less than 99~ by weight is not preferable because the

ratio of theurartaiahied Haser neshBti NiROLYEStAId Rhokel MEEHEHs R Y Weet hane
resin is nearly 100k and the effect of nodification is |low The

wei ght - avefsage Mplecdy af, Ml ¢l rf abbe Oha fncd s L S Yo 1 D dodied rignvent i on
is 1000 to 100000 . In the case of graft polymerization by radical

: ﬁZCtgir g?i ki:tiéf:ers]cﬁ%f;%{? el AL cb ARt nk e MRI O RLaRY GEA9S IR £ Wodlk i, ght  of
die coating, reverse coating, spin coating, curtain coating,
spray coating etc. Molding with a specified casting mold etc.
can also be conducted.

For further increasing the compressibility of the sheet
produced by the method described above, the sheet is subjected
to patterning at a light wavelength suitable for the composition
by photolithography known in the art, and one side of the sheet
is irradiated to photoset adesired pattern. The uncured region

is washed away with a solvent to form a surface pattern.

Upon application of a loading to the cushion layer thus
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is 1000 or |ess because the control of the nolecular weight in such a range
is generally difficult, thus decreasing the graft efficiency, to lead to
poor addition of functional groups to the base resin. WepoBbe9TB(SG)
wei ght - aver age nol ecul ar weight of the graft chain noiety is 100050 or
nore, the viscosity is increasedsignificantly during the polynerization
reaction, and 132 F- P03019TB(SG the polynerization reaction cannot be
carried out in the desired honbgeneous system The control of the nol ecul ar
wei ght deggkhhadaaboye 1cauiRRy €8l &bsleRtta bYG tdte carpURt r&Fidhe iimichikat or,
dropping time of the nononer, polynerization tinme, reaction solvent,
MoNOMEr CQUR@ALLINN. i Sthd ABY HAARIMAY ONnAbnaall dokv &R 3bgl orgent and
a polynmerization“inhibitor If néecCessary. (Radical initiator) As the radical
pol yneri zati.oQ: L AL} ' IS .an Fﬁﬂp r L
peroxidesg%%dgééggﬁ%gag%%ﬁggﬁ%gﬂﬁﬁgt%fngﬁg@EF?I?§QQ%L aﬂwﬁgg ?Egb%fganic
p?rOXIdesr%nCEUdeargoﬁn§§gP§i§’ @gﬁggygofgg(gﬂ(¥%§¥gjﬂﬁéHEI%th§EB§¥g
pi val at e, ana°t'Re organic azo npounds™ i nc ude
2,2' -azobi %so%utyronitrile, 2,2 -azobis(2,4-dinethylvareronitrile) etc.
The radi c&f“Ffiiti at or compound shoul d be sel ected in consideration of the
radi cal-formng rate (i.e. half-life) at the reaction tenperature of the
conmpound. Generally, a radical initiator whose half-life at that
tenperature is in the range of 1 mnute to 2 hours is desirably sel ected.
The armount of the radical initiatorEXA&EDr graft reaction is 0. 2 % by
wei ght or nore, preferably 0.5 % by wei ght or nore, based on the radical
pol yneri zabl e nbRsRbRILtEHe EMbS ninveisian iggdascribpdelamaze detpl L
mer capt an, dodecyl mercaptan or mercaptoethanol is used if necessary for
regul at i obyofretffeeehergtte ¢hegExbmpdlesi, nbutn thish iaveasdont he N33
F- P03019TB(SG chain transfer agent is added preferably in the range of 0
to 20~ bypeeitdhtilbadgd lamittkd rtadithal Egalpdersi.zabl e nononers. (Reaction
solvent) The reaction solvent includes a wide variety of solvents , for
exanpl e keEondsatioch aetimedsyl ethyl ketone, nethyl isobutyl ketone and
cycl ohexanone, aromati ¢ hydrocarbons such as tol uene and xylene , and esters
such as et(Eylalacetiahne odnd lutiil-yacetate . However, the selection of the
reaction solvent used in the graft reaction is very inportant. Desired
requi renents of At Bempeachiem 5 @hreciteiriinedesiyeSoshidbe idny tAH ckuletsabi [ ity
as a radical polynerization solvent, 3) boilingpoint of the solvent,

(disk having a radius of 5 cm and a thickness of 2 mm) was placed

on a horizontal stand and left under the environment of a
temperature of 20°C and 65% humidity. The movement of the sample
was evaluated at predetermined intervals by measuring the
diameter of the disk.

(Measurement of static friction coefficient, dynamic friction
coefficient)

These coefficients weremeasured according to ASTM-D-1894.
Specifically, the coefficient of a 50 mmxX80 mm sample on a
commercial soda glass (transparent plate glass) was measured
under a loading of 4.4 kgf at a motion rate of 20 cm/min.

(Hardness)
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and 4 ) solubility of the solvent in water . Wth respect to 1) , it is

i nportant that the base resin is dissolved or suspended, and branch

noi eties of the graft polyner conposed of a mxture of ungpgylatBmmnONers,
and non-grafted honopol yners, are well dissolved to the nmaxi num degree.
Wth respect to 2), it is inportant that the solvent itself does not
deconpose the radical initiator (induced deconposition) , a conbination of
a specific organic peroxide and a specific ketone solvent does not cause
reported gxpl waleﬁnt_han?om@h&ﬁacqhgers%vshgiB@lier adiyeal pol ymerization
hasasui t abl yl ow chain transfer constant. Wth respect to 3) , it is desired

that because thenbadisahapsbli O d SREldQMladdird it o) gl wrepiganl e

nmononer is generally an e ermc reaction, the reaction is carried out
under refl i, ti O 4 i re.1C: ith 134
R R L e S R A e S et F e

i ndustrial, _appli_cation_that .for t pur pose of introducing hydrophilic
functionaﬂagg%uﬁggtﬁrgaﬁﬂsﬁggi Fgggion into the base resin thereby making
the nodified re Ln Wg{er-disggrsiblf thesolvent.selectﬁd ugdgr.tﬁe £
requirenments 1 ? EP R YSRANG, LS B Ve A PTG DL BTtV EdpA e Bot Thei ng
m xed arbitrarily with water or highly m scible ﬁitp wat er , Xhich however
is not al W&y8 ard b rutder é&u?l?%rfiﬁ%e L& fgFat ERPESE i B i & IHO Wien
the fourth requirenent is satisfied, an aqueous dispersion can be formed by
neut ral | zEAgeSwWPPROELBEsER Ebfpehdiathe éh%ﬁtl%«ﬁﬁﬂﬁ &R l3rbdaet Le¥ktai ni ng
the sol vent under heating and then adding water to it. Mre preferably, the
organi c sdﬁ@éﬁﬁcﬁﬂxé@daﬁgﬁtﬁéﬁﬁpymﬁmﬁhs eer(bgeknisdrey Wesei BreesWirer wat er
has a | ower boiling point than that of water. In this case, the organic

sol vent camrsbecitévevadt by Skiomgl 2 hairsnielssaa ¢ e dkmtehel § Kus? Tor niieaqueous
di spersion to the outside of the system The graft reaction solvent for
carryi ng ¢he hhirdneasenf i ore rmyr fsceianidethe benghessob ¥ ette drack wilded
solvent. A solvent having a boiling point higher than 250C is not suitable
because i wezenadhobe tloeEaeteebydr ehevekrdhesd ofi thetribddbev lesagpor(atiton
rate, even by high-tenperature burning of a coating. Use of a solvent

havi ng a heigiiony pasntowamehamhahablE ahe ess, i thaghafridnesactd £ orhe surtot

pref erabl e because an initiator dissociated into radicals at a tenperature
of 50C or HegsoHn W mlakakes tnadkepaidangss auSfesbade d hita8edss ¥3om

F- P03019TB(SG For the purpose of dispersing the fornmed pol yester or

pol yest er upel wyrehhanahRsi.n in water, the reaction solvent usable in the
graft reaction includes solvents desired for dissolving or dispersing the

base resin and farndhgsebMend arMxs Wierodrdmel cal maloneyd zabl@ndroner s
and a polyner thereof relatively well, for exanple ketones such as nethyl

et hyl ket%@%’measured at 5 different sites to determine the average

hardness. A plurality of identical layered samples were
measured to confirm that there was no difference among
measurements. Iftherewasadifference amongthemeasurements,
additional several identical layered samples weremeasureduntil
there was no difference in hardness.
(Storage elastic modulus)

A 3mmx40 mm rectangular sample (with arbitrary thickness)

was cut out and used as a sample for measurement of dynamic

viscoelasticity. Theaccuratewidth and thickness of each sheet
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met hyl isobutyl ketone and cycl ohexanone, cyclic ethers such as

t et rahydr of uran and di oxane, glycol ethers such as propyl ene glycol nethyl
et her, propylene glycol propyl ether, ethylene glycol ethwo3etdeB(Smd

et hyl ene glycol butyl ether, carbitols such as nethyl carbitol, ethyl
carbitol and butyl carbitol, glycols or glycol ether |ower esters such as
et hyl ene glycol diacetate and ethylene glycol ethyl ether acetate, ketone
al cohol s such as diacetone al cohol, and N-substituted am des such as

di met hyl t@reencdetidgmclyl meaebasddasand b rethyl-mpyerol i Hone. Wien t he
graft reaction is carried out in a single solvent, one solvent can be

sel ect ed heagueegenitc a0kyaams cdivssebwilngttbe thaspecesonetell . Wien the
reaction is carried out in a m xed solvent, the reaction is carried out in

a pluralit éﬁaﬁhfﬁew@@asweﬂmc% fs'éci@aﬁqn@h@box\f@wolrsm&k%nsowgms%cp%y, or
in a mxed solvent of at | east one solvent selected fromthe organic

Sojvent s HoteoliihagsthPabasA JAS bl AN A1 MEAS: BE OLORRIE s80Lvent
sel ected from | ower ower carboxylic acids an ower am nes
hardly dissol vi he base resin er 136 03019TB(SG)
The t Laot B 48 R811 02 Red S5t Sho R TehBeZat ik A, 4801 od sFRRARITPL DN 6

pol yester , or3@olyes%1alqpu%ygfé?§ e r%%bp%¥ga€e %ggb_ﬁgﬁgrf on QD% %%t in

this invention’can - |%ber5| ng, basi c

conpound e hydr li¢g fu tlonal up |ntroduced by graft reactlon.
The ratio EPStﬁ %B@gﬁ pél ¢ széﬁlggkgﬁoﬁers cont ai ni ng hydrophilic

functi onal %roups tﬁ Hhe radi cal pol,yneri zabl e nononmers not contai ni ng
hydrophllﬁg PRRESSIRAL 1E¥ ouFE™PR 5 SRt FFESETYRe r adi cal polynerlzable

nononers is related to the type of nononers selected and the melg ratio
of base resin/sir8é Eﬁ@?ﬁeﬁﬁﬂéﬂ}l§ﬁbﬁéétSBmPSeﬁﬁéPP FESeVPEH, Cbuthfref erabl y
the acid value of the graft product is 200 to 4000 equival ent/ 106 g, nore
pr ef er abl Po3a6hiaasdeyesqaifEae PEOLES S nNITHE IEasket caBipednd Tog d8€irably a
conpound evaporated at the time of formng a coating or at the tine of
baki ng andoduowiggowetimad iomsi mgiagetl, tand3ameasiuaedorgarRiséCawihksaetc. are
preferable. Preferable exanples of such conmpounds include triethylam ne,
N, N- di et hyly lénkladcladniindenier difnbthy| ot baoteig nddy i cernvdiacitarriede,
N- net hyl - N, N- di et hanol am ne, isopropyl am ne, im nobispropyl am ne,
et hyl am nbgy tliaet Bylizmcee, 3-et hoxypropyl am ne, 3-di et hyl am nopropyl am ne,
sec- butyl am ne, propyl am ne, nethyl am nopropyl am ne,
di et hyl aciompprespybdiing, (%ot kylliogi(Tabi-sm2opyilam ne, 3- net hoxypr opyl am ne,
nonoet hanol am ne, di et hanol am ne and 137

Compression recovery (%) = 100(T3 - T2)/(T1 - T2)

Tl: the thickness of a sheet after application of 30 kPa (300
g/cm?) stress for 60 seconds to the sheet.

T2: the thickness of the sheet after application of 180 kPa
stress for 60 seconds to the sheet in the state T1.

T3: the thickness of the sheet after leaving the sheet in the
state T2 for 60 seconds without loading and subsequent
application of 30 kPa stress for 60 seconds to the sheet.
(Pclishing evaluation A)

[Polishing rate]

A wafer having an Si0O, layer of 500 nm (5000 A) formed
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F- PO3019TB(SG triethanol am ne. Depending on the content of carboxyl groups
in the graft reaction product, the basic conpound is used such that the pH

val ue of the aqueous dispersion is preferably in the raqggogbl§T§“yg 9.0 by
at |east partial neutralization or conplete neutralization. For form ng the
aqueous di spersion, the solvent contained in the graft reaction product is

renoved by an extruder under reduced pressure, and the nolten or solid (e .
g. pellet or powder) graft reaction product is introduced into water

cont ai ni ngnt Qﬁngﬁé'&rm%dli% slals’ 1edquades ealing, pHhalsy 2Bragueous
di spersion can be forned, but nost preferably the agueous dispersion is
produced Bya3,qetBad Lone+Rqlo MRINGN ARSI FlTL 11 BRTLE GATRAYRM,3RY vater
are introduced just after the graft Teaction 1s finished, an eat1 ng and
stirring gggdggthgued to give an aqueous dispersion. In the latter case,
the water-m scible sol vent used in the graft reaction can be subjected if
necessary to di?éillaii n, or az%glropic istillation fwél1emat§n Q Lemove a
part or the whol 850 The" §3¥ JEH T h& G od8Pi ATy 8+ 65t Pos1shing
agenti ncl udesphenol f or mal dehyde resin, amno resin, nultifunctional epoxy
conpoundsMaFHiEfRef baBtMaEe L { WoES alid dneipouRii’ PRAFTIIRY HIiday 88€¢anat e
conpounds and nul tifunctional aziridi ne coppounds. The, phenol resi ni ncl udes,
for exanpM@s GPKyPateCrnérdl (HisepasoheRoranl HeMIer tohdeihtles. TBRanpl es
t hereof include fornal dehyde 138 F- PO3019TB( SG) . condensates with

al kyl at edve&ethyP, bet ReLispeepyrs hedpr 6pyR, PRdiyh)ing head under the

phenol , p-tert-anyl phenol, 4, 4' -sec-butyl i dene phenol, p-tert-butyl phenol,
o-, m or cenelrléé@n,ofpwep@r@F@@WIPtaﬁ@r{ért,anai,aerd-basﬁiﬁrrtq)rwr%h@ldP%ﬁ@lO)'

p- nonyl phenol, p-octyl phenol, 3-pentadecyl phenol, phenol,

phenyl - o- whadel the-gheirghinheedl sandlgywahcuppprdeshbros teskhng nict gdes, for
exanpl e, fornmal dehyde adducts with urea, nelam ne and benzoguanam ne, and
Cl_6 al cohqblateyl(pethehivgmpsuadpprohel edind Erampylogsdurer ebpolishidg

met hoxyl at ed net hyl ol urea, nethoxyl ated net hyl ol N, N- et hyl ene urea,

met hoxyl atved retiykdl oditcyandgahhdepo hbshiny| sl edryredthyd deatelratenef

nmet hoxyl at ed net hyl ol benzoguanam ne, butoxyl ated nethyl ol nel am ne and

but oxyl at ed on@i*hyliel. Hen2agianess aede FheAnidie reséd f 2i0skpd ébenadh am?)

met hoxyl at ed net hyl ol nel am ne, butoxyl ated net hyl ol nel am ne or nethyl ol
benzoguanawiliehiagdpt 8€5€ré eFidS t Gt el tiveds Béea OB 0i my i badiieen

t hereof. The epoxy conpound i ncl ude bisphenol A diglycidyl ether and an

ol i goner thergel i shydyoneaataty kineppeaeknsd dbdy€dfyine the polishing

rate.

Forevaluating the relationshipbetween thepolishingtime
and the polishing rate, polishing was carried out for a
predetermined time without a dressing step with a dresser having
abrasive grains of diamond deposited thereon and with in situ
washing with a brush when dust remained on the uneven surface
of the polishing layer, to determine the polishing rate.
[Evaluation of uniformity]

After polishing, 25 points on the polished surface of the
wafer of 101.6 mm (¢4 inch) were measured for Rmax and Rmin by

a contact needle meter, and a numerical value (%) according to

75



ether and an oligoner thereof, diglycidyl orthophthal ate, diglycidyl

i sopht hal ate, diglycidyl terephthalate, diglycidyl p-oxybenzoate,

di gl ycidyl tetrahydrophthal ate, diglycidyl hexahydropht halbgkgs ﬁggkxcidyl
succi nate, diglycidyl adipate, diglycidyl sebacate, ethylene g?ycol

di gl yci dyl ether, propylene glycol diglycidyl ether, 1,4-butanedi ol

di gl ycidyl 139 F- P03019TB(SG ether 1, 6-hexanedi ol diglycidyl ether and
pol yal kyl ene gl ycol diglycidyl ethers, triglycidyl trinellitate,
triglycid [ r -di ghyel dyl enz di.glyci.dyl .propyl ene
urea, gIy%é?o?g?%gggygpgyﬁﬁg?ﬁer,k%?bﬁ%éﬁéggl+p§§gg%ehg%ig%gﬁiaglggther,
pent aer yt BLiah bel ghysiddl, aldiets and Alysanalcpblievipocapddguadded
triglycidyl ether. e 1 socyanat e conpounds ‘i nc ude aromatic an al'i'phatic
diisocyana%e%h%ng %r&valent or nore polyisocyanates, which may be | ow or
high-nnleeular coﬁpgunds. Exanpl es thereof include tetranethyl ene
diisocyagg#e, hexanet hyl ene dhiso$§ n%tﬁ, t ol uene dii socyanat e,

di phenyl mefRaAE3&PE0EYahgPE KT gé dted di phenyl met hane dii socyanate,
xyl yl ene diisocyanate, hydrogenated_xylyl ene dijsocyanate, isophorone

di i socyanat e orXtP?Fﬁ?En%a ¥ %%%ni%%%%%ﬂ%ﬁ%?%ﬁﬁﬁﬁﬂuﬁ%ﬁ égﬁfrved under

i socyanat e-term nat ed conpounds obtai ned by reacting an excess

of t hesei s88yRALEALoMPEHRESRPENI ow nol ecul ar active hydrogen conpoundssuch
aset hyl ene gl ycol, propyl ene glycol,trinethylol propane, glycerin, sorbitol,
et hyl ene dPadig8ingoRryalNasélPraR)ne, di ethanol anmine and triethanol amne ,
or various polyester polyols, polyether polyols and pol yam des.

Thei socyanat e céapdunds Ly ivg bhotkedi AR dOkamago; kovakih&ikap) ocki ng
agent includes, for exanple, phenol and phenol derivativessuch

ast hi ophemels,usstdhih the dpldpelingreesdlua tdydrembpeli ebbngichelracietrigfiencl and
chl or ophenol , oxines such as acetoxinme, nethyl ethyl ketoxine and

cycl ohexambee poxiiskingd @onditRO3B1 9EBESGhadl cdldlcs slalrrgs (8&llBanol ,

et hanol , propanol and butanol, hal ogen-substituted al cohols such as

et hyl ene alhafakytdried apdcdb3: divad arded- pt opdilew, raeet o Aris Amdgimdins such
as t-butanol and t-pentanol, and |actans such as e-caprol actam

8- val er ol agtramy Yohukyiekact ane apdl{hprhgpybhathanvasacsbyegyenhylwne
conpounds such as aromatic am nes, imdes, acetyl acetone, acetoacetate and
ethyl mal epgber Ber sapb it 0éndesf VaHd YR ilshemngoblatki Wgs 15 Wkd ahd
derivatives thereof ( sodiumsulfites of diaryl conpounds. The bl ocked

| socyanat @pies nRRivaiNed B additicaR bFaGhonadhrt hasl Socyprat e conpound, the
i socyanate conmpound and the isocyanate bl ocking agent by a suitable nmethod
known i n the1akhinNea&eqr ossl i nking agents can be used in conbination with
a curing agent or an accelerator. The nethod of conpoundi ng

The polishing rate (A/min) of a thermally oxidized silicon
coating was calculated from the time in which the thermally
oxidized 1 pum coating on an 8 inch silicon wafer was polished
by about 0.5 um under the above conditions. The thickness of
the oxidized coating was measured by an interference film
thickness measuringmachine (manufacturedby Otsuka Denshisha) .
[Planarization characteristics]

0.5 um thermally oxidized coating was deposited on an
8-inch siliconwafer and subjected to predetermined patterning,

and 1 pm oxidized coating of p-TEOS was deposited thereon, to
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the crosslinking agent includes a method of mxing it with the base resin
and a net hod of previously dissolving the pol yester or polyester

pol yurethane resin in an organic solvent solution, and drppgpsomaddie m xed
solution in water, and the nethod can be arbitrarily sel ected dependi ng on
the type of the crosslinking agent. The curing reaction is carried out
generally by conpounding 5 to 40 parts (solids content) of the curing resin
with 100 parts (solids content) of the polyester or polyester pol yurethane
resinin b?b%a‘r@VEQ\Hf@]: andi1hien fieatd A0 Wik Bhxidd €id Plq:83itenkd 9060
mnutes in the tenperature range of 60 to 250C depending on the type of the
curing ag%%g hfeigﬁ%eéfaws @él.‘%ﬁnd 1 FOSAATBSR ro%_?:%%'e%”u%%fe%' ygk and an
accel erator are aFso used. ~ (‘Maki ng paI%IC e procesgﬁ € aqueous resin

di sper si on, AGYNG.100]EqILBHRS - OhabheAUERS PRLYEShENOr LR adueous

pol yest er ponureFﬁane resrn di spersion can be ow'y aagrega ed to form
particles of .|l arger .diapeter.. a neans. of .realizing slow aggregation, a
et hod of CAAAPRG SR THoar b Eetbiir STeRcHE el v ot YT es PAUrRe aatests

di spersion_ to increa%e t he éonic strengt?.in the systemjs effective. In
add! 1 on, CHEARS “SGAR LAES( 1) FRT cRyAMEr bTaT biF BT BRPES By Hhght ©O

deconposi tion, thernmal deconposition or hydrolysis , (2 ) regulatign of the
degree of ddf$EEEPEEFoMN 0P T EBNPRIGR BUPST DY gt ke ghfdeLencesys

bl ocki ng of ionic_%roups by counterions. The nmeans of slow aggregation in
this i nvedt}frt fdidgesnceotn stampheidht nethicd 6f addfh§raRcEsteF teBmound
of am no al cohol with carboxylic acid to the system and generating, in the
system akeaghil toholpaditemyahbwipli tines dofHeivdr dmednt iy lany drelcesi s of
the ester conpound, to increase ionic strength. According to this nethod,

t he i oni cogt Béngnhaceanped | attensete W tdoltid oeddurathefdecdnoénutati on in
the system to give excellent resin particles having regul ated particle

di amet er spodAshasiove Thai athefhelifbensige §sadnsabsedion toss Limvehei on can
be used without particularlimtation. Preferable exanpl esinclude the

above- exegphichived sifl 2ZoNuAXsiece € afhern the R £ B reridumrxsitde, hddght

F- P03019TB(SG zirconium oxide, ferric oxide, chronme oxide and di anond.
These abr a%i ¥& gppénspLan & 1Seleactiedtdeppadtagnan(shaates | al pbateen
polished. In particular, silicon oxide, ceriumoxide and al um num oxi de are
preferabl g4iRgSe 18REA8KEVE 70" Bt NSn A B4 X CRAd edd e PAS D Meh arranged
characteristicsfor asilicon waferitself, a silicon oxide |layer deposited on

a siliconwatehatda1¥ebalh W phf8ern having lines of 30 pm in width and

spaces of 270 Um arranged alternately) became 2000 A or less.
A lower numerical value of the local difference in step height
indicates, in a certain time, a higher rate of planarizing the
oxidized coating unevenness generated depending on a pattern
on the wafer. Further, a lower abrasion loss of the spaces
indicates higher planarization with less abrasion of regions
not intended to be polished.
(Polishing evaluation C)

A wafer having an Si0O; layer of 500 nm (5000 A) formed
on single crystal silicon was used as a material polished for

evaluation, and its polishing was evaluated under the following
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mat erial such as al um num and copper, and a gl ass substrate. The opti num
abrasive grains in polishing can be suitably selected. Further, these
abrasive grains are fine abrasive grains having an aver ageoRahbrslss
diameter of 5 to 1000 nm In this invention, the content OP tEe aLrgsive
grains in the polishing layer is preferably 20 to 95~ by wei ght,
particularly preferably 60 to 85g by weight. Wen the content of the
abrasive grains is 20g by weight or |less, the volunme ratio of

t heabr asi wggHakR§HisS | ow, andwhenapol i shi ngpadi sproduced, the polishing
rate is reduced or absent . \Wen the abrasive grains are higher than 900 by
wei ght, the vi S%Bé‘séé’liOJhi%&%éégiﬁeﬁsetd“&agf%;é%%?%g NaYS/Fab o/ Rg-5es! n and

the abrasive grains 1's I ncreasedsignifican

mol di ng, t gl gsepr.ocessabi lity. Further, the resulting.coatjng.i sS.not strong
and i 5t hg3rEResEod The PROYEBEI BN BETS Cabe AP ALirgs ST B e dPaEYon of a
pol i shi ng Layer-formn erial: Forpmatiqgn of.a.conposite) The pali.shing

| ayer-for r#h‘é gl nmglal%yg?seri h% breegf)ﬁ'llfb‘(gﬁ)Veaﬁ lqulglecgr?ﬁ)p%]g }'hlgn? @ﬁl‘ag gr oups
, the polyester or polyester 143 F- P03019TB(SG), pol yur et hane.resin, and
Fine or ai o iBre CORME GBa Ot vRSER ADROTPLORY STAPEATSaha KB n0l | shi ng
| ayer-formng naterial_is used._as a solutiqn or dispersion in a solvent or
as a sol uf“iaﬁ%rﬁé‘\}i FTRIE aqiBdds TR PR 1dPEIEAR I SAIRAE Wi K UPRETA6 asi ve
grains. For preparing these polishing |layer-formng materials, the

particl esPyf stdskingaditngni enPdagedup®olpshyast @acr 88PRPTaRd PPRe thBr asi ve
particles can be fornmed into a conposite. As the nethod of formng the
conposi t epregedigecabraggpiyng wes ¢athief eah Wsd ngstere polishing slurry

Herei nafter,introducti on of sodi unsul fonate groupsinto the polyester resin
is describké&da fhedsuafacef 2% e¢dhémpol vt & mriggite parnded] eppild cattilon sodi um
sul fonate groups were introduced are always negatively charged. It is

gener al | y ondWkBsh&2 00 kY quesl) apd t yslof ng paregamire padtdtthese 1 st thasgedd
dependi ng on pH For exanple,fine particlesofsilicon dioxide are

negat i vel yEh&oged mim . abetuteeal thange,l ilsit ngo dickbidvany ¢char péd tan ,| aw pH

When an aqueous di spersion of polyester resin particles regulated in a

neutral raegerimdineg xee piolhsdingqueaes di spersion of fine particles of
silicon dioxide regulated in a neutral range, the surfaces of both

particl es [&kelnegabnvelfy uehi@oged tgnd thus repel one another to maintain the
di spersion stably. Wien an acid is dropped into this systemto reduce pH

slowy, the surhae Chal gen gl ha hbireP LREGS Of sidd k6@Radi0xs dccan be
reversed at a certain point in tinme to give conposite particles having 144

wafer of 7.62 cm (¢3 inch) were measured for Rmax and Rmin by
a contact needle meter, and a numerical value (%) according to
the formula 100X (Rmax - Rmin)/(Rmax + Rmin) was used as an
indicator in evaluation of the uniformity of the whole surface
of the wafer.
Example 1
Example 1-1

125 gepoxy acrylate (EX5000, methyl ethyl ketone solvent,
solidscontentSO%,manufacturedbyKyoeishaChemicalCo.,Ltd.),
1 g benzyl dimethyl ketal and 0.1 g hydrogquinone methyl ether

weremixedunder stirringbyakneader, andthe solventwas removed
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F- PO3019TB(SG the fine silicon dioxide particles sprinkled on the surfaces
of the polyester resin particles. (Polishing |ayer) Al though the nethod of
formng the polishing layer is not particularly limted,g] hadHing
| ayer is formed by coating a substrate with the polishidahpggzgﬁ?ggaing
material (solution) containing the polishinglayer-formng resin and
abrasive grains and then drying it. The coating nethod is not particularly
limted, and dip coating, brush coating, roll coating, spraying and other
printing gRLALUS LALDSrSEGre VRLAEBLS SOMBHLABHLLALEREGLERBILEIRE on
polishing layer . The 'method is not particularly [imted if voids are
formed in %QeoB%FﬁQHE‘Q FRYE e onfiis 1401 Sh %*azse dahdW. 'ecfh?eraa%'e\&vﬂe%é} ?fﬁﬁ\@ Vim

f g udes, nﬁ]e 0

The net hod 6f “¢ontar ni ng vor ds 1'nc or exa A et ho or m ng

t he poli shi | ayer . b ing a_mxture of the i shing |ayer-faornng

mmterial CSOVREFORGS dhid [Rof LBOrPASF R i1 B I "tk RGP e S TGP RAT 51

di anet er of iB £o 100 urn . A nethod of forning the palishing |ayer by

usi ng a nkt aP8 of ThEPR iBsKPRGYH BPEFiPgr Afng TRLER i HIE YR § o is

andasol ution insoluble in the res in having_ ionic groups and applying and

drying it St&FoPd1egat# g WaH i F YLD AVnEekdd %rﬁdf*i}*f%orﬁletlﬁélﬁlﬂ i shing

| ayer by using a m xture of the polishing |ayer-forming material (solution)

and a gas¥déherales§ fdtl8r PaViogeR Sesdnesz Pas tesRpEtRITY ShE&ePRsWas

F- P03019TB( SG_ deconposed by heat or |ight, applying the m xture and

gener at i ngt¥erdateg VightUY readi-abreémbEehddre flimﬁe‘t’ﬁ’é%l BaHad ndheoi ds in

the polishing layer-formng material (solution) by shearing at high speed

with a stisheefgias d@@eéﬁaegﬁéhrﬂbbﬁnggﬁtmaMq%hillﬁ@ taleengisch velRd -voi ds.

(Polishing pad) The polishing pad of this invention has the polishing |ayer

cont ai ni nGhabsheevewgs almiedliagpé0S@dfam thaipalteshtogyil ey exr plodrimshigar esi n.

The polishing |ayer is obtained usually by coating a substrate with the

resin. Theadhi ckness of the polishing layer is usually about 10 to 500 elm

Preferably, the thickness is 50 to 500 urn. Wen the thickness of the

pol i shing | ayer Thisl esdishanglpaNnwashevhangeedt ¥oef pbhéshahigsbynghpad i s

significantly reduced. Wen the thickness is greater than 500 ~~, m the

pol i shi ngppad shingt caklleatile pelthekd mg | ayer is formed i thereon is

significantly curled, thus failing to effect good polishing. In the

pol i shi nggRaghpefe thios invention, the resin having abrasive grains dispersed

therein may be a bulk or sheet form but preferably it is a polishing pad

having a pol yn?@o@u(?sgtdlaj@ré‘»@@ér?éi rWistil (168N 140E, RYIYERIE /HiehkBlnat e

i ncludes, but is nof limted to, polymer substrates based on pol yesSter,

pol yam de’et@@ll)"k@t@%’e qu/ﬁa@yd%'emg‘ﬂl%) solvent, solids content 30%, .

acryl, cel I ul 0se, pol yet hyl ene, pol ypropyl ene, pol yolefin, polyvinyl chloride,

pol ycar bo , I :.PA301 G 4Hr i NS, g these
%%%glf?m%@%dr@ggﬁ}égqsJkl B30I 39 48 gewgrp%gfgfgggég%%

mat eri al s, ester ol ycar bonate resin, “acr resin

are prefer I t Vi i of . i I t i.ronment al
tress . TRATErTaRRYAatsy THBUSRIRLRERL Rara T L s Y S 250
urn. Furthery g Rerengtl Qf.adheshor of: LPenfaly sl JAer ana the

solvent was removed, whereby a solid photosetting composition

was obtained. This composition was sandwiched between films
and pressed at 10 atmospheric pressure with a pressing machine
at 100°C, to give a sheet molding of 2 mm in thickness. This
sheet molding was irradiated with UV rays for a predetermined
time, and the other side with amask filmhaving a desired pattern

drawn thereon was irradiated with UV rays, and after the films
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to the polyner substrate in this invention is preferably 90 or nore,
particularly preferably 100 in a crosscut test. A coating having this val ue
of less than 90 is poor in adhesion, and when used in pqu@?b@gT &ﬂ%
coating is released to cause scratches . To inprove the ‘uni orn1? f
material to be polished, a cushion |ayer of softer material than that of
the polishing |ayer, and if necessary another |ayer, nmay be |am nated

bet ween the polishing | ayer and the pol yner substrate in the polishing pad
of this igyent EQHovgﬁe PREELH AL Of, éhgex?%’ﬁ&'fg&@. | aygl 's%%'e%d%sad%@gove”.
fabric, a nonwoven fabric |npregna?ed W esin, ‘and various foaned resins
(foaned pol yuret hane, foaned | yet hyl ene), ..  Further, the surface of the
pol i shi ngaltagéré Egﬁ 52 “Pﬂf"ﬁeeifpgﬁi g%ﬁﬁ%f RAOI)'LHSBF‘B(‘?V%%@' T%%SP&R@?"?&% rate
is stuck on hhetcushion nger preferaglé vi a an_adhesive or dng e-tacked
tape. TheSYBRYEEFTENIIYSFHITd SR ™ 58 SIS HPENEARS 18 B NG ¢i dul arl y
limted, hut preferably it is based on acryl resin, styrene butadi ene

r ubber et€¥aﬂgéﬁeﬁégly, t he adhesion strength of the layer is at |east 600
g/cmin a 180 peeling test. Wien the adhesion 147 F- P03019TB(SG strength
is |ess than 600%g/ EnPrekBapgsArEHLP&GelURR) BN r BpER¥LdSEREM CRECRSI yner
substrate during polishing. Wen_the cushion layer is arranged, the

t hi ckness seflvneﬁg,pmlw FeUtpar 79§ prerudaiiur ahby FyPe s ghemical
particularly preferably 300 ~lrn to 1 nm A polishing |ayer thickness of

| ess thanC250 Liteh-)s hot pewreyl cdimddenlisketale gyul i0sHi wghivayeauigoaleso worn
out during polishing, to reduce the longevity of the polishing pad. On the
ot her handgethydnethert Reckneizedfunfier potishimy bayerkrieadpmwmatead tthen 2 mm
t he surface undergoes significant cracking upon drying of a coating, thus
failing teodveatawbeatgmdwrd codteredpy bnsdhid mwhasensdthel ndicokeos idfionhe

pol ynmer substrate is preferably 0.25 to 1 mm EXAMPLES Hereinafter, this

i nventi onwias dbsatinbead | Thi®reomsdsitidy waef ereanive dhed lve thwesnplfeadmswhi ch
are not intended to limt this invention. Production Exanple 1 An autocl ave
equi pped wndhp e b Bed TR0 tABgpRe 81 & I'f 18 s vaSe GHahge o vé 4 $1 ndl marihiiyle
terephthal ate 96 parts by weight, dinmethyl isophthalate 94 parts by weight,
sodi um 5- syl fgdbaethylqiRORNMRAIAL Gio dRAL 8£DY MR Bhteh {dityed odegane

di met hyl ol 40 parts by wei ght, ethylene glycol 60 parts by wei ght, 148

Z;] 5030191-%@1%@: RE28SALYa 8! ¥elq LBt d AR Yyt LhaBater Bl phakies: iyniRiaght ,

time, and the other side with amask filmhaving a desired pattern
drawn thereon was irradiated with UV rays, and after the films
were removed, the sheet was developed. The sheet was dried
at 60°C for 30 minutes to give a polishing pad. Its subsequent
evaluation was carried out in the same manner as in Example 1-1.
Example 1-4

258 g polyurethane resin (Vylon UR-8400, toluene/methyl
ethyl ketone (1/1 by weight) solvent, solids content 30%,
manufactured by Toyo Boseki Co., Ltd.), 22.5gof 1,6-hexanediol
dimethacrylate, 1 gbenzyl dimethyl ketal and 0.1 g hydroquinone
methyl ether were mixed under stirring by a kneader, and the

solvent was removed, whereby a solid photosetting composition
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0.1 part by weight, and the m xture was subjected to ester exchange
reaction by heating at 180 to 210C for 120 mi nutes. Then, the reaction was
continued for 60 mnutes by heating the reaction systemge)3g9§T %ES(%
pressure of 0.13 to 1.3 Pa in the system to give a copolyrrerlze | yest er
resin (Al). The conposition, the nunber-average nol ecul ar wei ght, and t he
ionic group content of the resul ti ngcopol yneri zedpol yester resin (Al) as
determned by NMR etc . are shown in Table 5-1 . In the case of sodium

sul fonat ey, st BE+LQALG, Ir@iPs %ﬁﬁi JRLLSTEd L A BRl%elbRd £l i fgsul fur
ys calculating t

wa
el ement by Pl Uorescence X ra e content in terns of

sul fur Qhﬁg_é%eg%%ﬁl%cé h 8", Eﬁé‘ 8:.31% g &2 s $heL |onsr%?( ?:h'iile( AB)

wer e obtarne e safte rization as 1n rodu except
that the typ g p car boxyl c acid._agnd polyyal ent cohol and e
conmpoundi ﬁé iggi %Y v’\iéil@lé’r?aﬁgéheﬁrcﬂollaéflgt RE % qﬁ}b‘ﬁ: r}ﬁﬁﬁoerEg\}ér age
nol ecul ar i ght dionic 0 0 ent 0] the re uIt|n ol yester resins
becane ¢ nobeetaliing T et it Whanhy' vt Fogs Pie ﬁe#rmlPSdH o
~oU"' Q0 r oN x~~ao, - | ~oWw Wd' d’ III~NIIIIf I\/D UrI (iro ~NN x~~0, 0, mW
W ~di || | dE30) |qTighthe Other sife wiph.a maek g hayino s %&hﬁ%aaaﬁwn
Wd Wt'I1~l11ITM~d~OMDOM,NUJ.-I, 000D r dVDOS- | xQ '.OO~-OON
W- Merl | SFRFPI FIPFEPR MANGTRAIIRGES VEF-Uh @R a;efi@ft%iﬁmvwlms
WIllTdl~INloOl T f~M1OTrl.,.+~ NUrlb ~ -.00 100" | XFC~~OCOONr I W
W-' d~cr | | NEES| REMPYRE-r FNPV\W\REV\BxWC#@ﬂFOPﬁﬂUWWHWNO@QS' dried
"~~-101~Nt r~ri QUICS w1 +~Ua~ro~ro a~~~OH 3~ .~W ~ U+~ ~Ns |~ w~ '~'D
~l r oOCa~a~a%a6d ¥ foxr B0 minuted tol givelarprod Lshdhgr pads- a te0sud s€quent~N UulU
+~0O~r ~ rl~r ONU7~ri WU-UWWroZ~U Or1l F- P0O3019TB(SG Abbreviations in
Tabl e 5- lezpduasibol vonsartRad ¢et dphthaldameanbdneP/As torBphnes ilclaci d SA
sebaci ¢ acid CHDA: cycl ohexane di carboxylic acid SIP: sodi um
5- sul f oi s@phiphakatiecFExbmpaei ¢-aci d EG et hyl ene gl ycol NPG neopentyl
gl ycol TCD: tricycl odecane di nethanol CHDM cycl ohexane di net hanol PG
propyl ene gl ycoll OBPE: 1 Beqtietihyte dh dnpead ekt ®l arkan) ®emzyl dimethyl
ketal were mixed under stirring to give a liquid photosetting
composition. This composition was poured into a mold having
a predetermined size and shape to give a sheet molding having
predetermined thickness. This sheet molding was irradiated
with UV rays for a predetermined time, and the other side with
a film having a desired pattern drawn thereon was irradiated

with UV rays, and after the films were removed, the sheet was
developed. The sheet was dried at 60°C for 30 minutes to give
a polishing pad.
Comparative Example 1-2

A foamed polyurethane pad, IC1000 A21 (manufactured by
Rodel), was used as a polishing pad. The polishing rate was
evaluated using the same machine and conditions as in Example

1-1. Further, the polishing rate was measured. The
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(Production of an aqueous di spersion) After 100 parts by weight of the

copol yneri zed pol yester resin (Al) obtai ned above, 66 parts by wei ght of

met hyl ethyl ketone and 33 parts by weight of tetrahydrof p3p1988RG

di ssolved at 70C, 200 parts of water at 68C was added thereto to giJe an

aqueousm croscopi ¢ di spersion ofthe copol yneri zed pol yester resin having a

particle dianmeter of about 0. 1 elm The resulting aqueous m croscopic

di spersion was introduced into a distillation flask and distilled until the

distillat ?e&ﬁ@%ﬁ@hEF%é@@&&?Qh%OBgli§Hgnaf‘$ﬁﬁe a2Q! Hb59: sHeLE r¥as wadded 151

F- PO3019TB(SG thereto, whereby a solvent-free aqueous dispersion of the

copol yner | ster.wh.a:sol.lds. : ~ J . omthe
béggﬂgk%a b céé‘h&uc@lﬁc? Aé?f%%ﬁ%wl@r{ 3 g‘é@ﬁs Lng @%@1 £B6

copol yneri zed polyester resins aqueous di sper ns were

prepared in : n S crj . ; i.cl e di er of
each aquegugE§§§§§?§%g§8i§£% d%£5$r§#§ﬁf%ﬁ§9¥%if?%%ﬁ%ﬁ§§§T£%$5%ﬁ§§§%ized
pol yester (Al A2 A3) (A4) .Averaqge.particle diangter 1 0.08 0.05
b 04" (ProdielPBH 8P=PaLVR BAPLrcREDy ACPRLPTREEKEd 3oL meBRUF OPRY | sk

equi pped mﬁ;h g.thern%neter, a condenser and a stirring bl ade was charged
wi th 1000PRart81By w&i-Ght of the aqueous copol ymerized pol yester dispersion
(A1) and 8.0 parts by weight of djnethylam noethyl nethacrylate, and the

m xture was heatB8 F$9M rOEM EEMPERAL %Otfotﬁﬁéld'\ﬂéjrlté’ooﬁi%lﬁﬁa}b§aﬂ‘ﬁ&§r
stirring and mai ntained at 80C for 5 hours. Meanwhile, the pHin the system
was decr eRSEQrPr drrpriapionswiphglight arg,ghows éPeE?P?%a}‘ﬁon&ﬁbFPFity was
increased from1l . 8 n5to 9. 0 n5 . This suggests that the

di et hyl aRenseeRyfraet haesg| Beeults hythel ok ishee dimedidiig saitigo Pethanol
and nethacrylic acid, and amne is neutralized wth a carboxyl group in the
gener at ed fAmtibacryl Aecardingby f dritncan He seehdhelyya ichenggsi mghtils&niessi ¢
strength. In this stage, fine particles of about 0. 1 [lzn present in the
aqueous cepdahytamez ednpbkyestacedl5?2 F- P03019TB(SG di spersion were
confirmed to be gently aggregated to form grown aggregated particl eshy
observati on under an optical m croscope. The separable flask was cooled to
roomtenperature on iced water, and when the particle dianmeter distribution

of the grqwabpel ygster resin particles was neasured, those particles having
a particle dianeter in the range of 0.5 Dto 2 D (D = di t he

aneter) where
average particle diameter was 3 . |Bftes dedipited 92| After 1ehs” £eEubt| ng
pol yester resin particles were washe®rni t h wat er on| BORFBt er paper and then
di spersedExgaipdel A-Water to gi ve amcaghenge pol yest enor esangparticle
di spersi 0Ex@Bb)lewlt2 a sol i ds contert oadfanf® o by wel ght chkngen t he
copol ynen gxeehpRel ester resins (Adnd @haAje aqueousnei spehgeons of
pol yest el doapla? PR3 &x@mplEZh 10 [R5 cm 11.9 cm

The relationship between surface patterns formed on the

basis of Example 1-1 and friction coefficient is shown.
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were prepared in the same manner as descri bed above . The average particle
dianeter is shown in Table 5-3. [Table 5-3] Copolynerized pol yester
particl es(Bl) (B2)(B3)(B4) Copol yneri zed poIyester(Al)(AZMQ@%bbﬁg%ﬁgﬁﬁage
particle dianmeter (~ m3.58.52.95.1 (Manufacture of a coating co anded

Wi th abrasive grains) Athree-necked 3-L separable flask equipped with a
stirring blade was charged with 750 parts by wei ght of the resulting
aqueous di spersion of the polyester resin (Al) , and 844 parts by wei ght of
abr asi ve q&%ng, gghloidal silica (Snowtex ST-ZL, 153 F- PO3019TB( SG
manuf act ure y NisSsan Chenmical Industries, Ltd. ) were added gently under
stirring| Stlt€acesphtitegnm xed sol uf Remober amsStathenogeneongnamseer si gn
wi t hout aggregation. This di spersipgfwasfapplfiradthynan appricai®s havi ng a
gap of 100 ~n onto a polyester film (Cosnoshise fA4E3Qntmesed £t sl &g by Toyo
Boseki Coyo, phtderh and Then dried aks 120C1fqr 430 mnutes; [p;gi ve a

pol i shi ngpErERTEEL 97, TEm the Tesul LIy potighizag it ppiyester—riesin
I Rt A IR SRR ERMAL Y e i
of— I

€t - apotut—ou Tt FCKEeSS—¢OQntgrnNtNng
lait& . \i lli LN ol t1 n
A4 U AT SUT O g

Silica abfAstiE dCne hadb Whend-seet

Fal Fal
coating | : 1 al ¥@anning &4l ron nicl
abr asi ve | §¥3iiRdeET e di spersed very| Beauti fulll% 8fit hout ag@r®fation in the
pol yest ef Cogbiipatiionngft s liadienrs (M) to (M) 5lpolishing0f3¢ns (F2) fto
(F4) wer ¢aobt penedriametdhbodene manner. In any filns, the| abrasive grdins
coul d be di spersed |l to forma, beaputiful polishing,layer, (Manufacture
of aggreg§F8§ §8§§g¥®818rai%Op%rg}%T%g?rA?f%u?@he k%gl%§{c@eparable fl ask
equi pped yit thermoneter, a gaondenser and a stirrjng blade was charged
it h 000 ateBebgeherriott el dgtt T oBtoRuS ARHE Hheh Ao daCof8: yast er
resin particle dispersion (Bl ) ( and after the pH was confirned to be 6.8,
an aqueou®idepdrsiPof™of col | oi dal silica (Snowtex ST-XL, manufactured by
Ni sssan Chem cal Industries, Ltd. ) was added gently thereto in a
pol yest er COTICEEA L&t FATEL 30/ FOPTYA IS Y Onsi By ) grasye derippdnroTeSo
Just after the addition, the pHwas 6.5. Wile the tenperature was kept at
room t enp@rgeyee pigch N.Bydochl oric aci d was added dropwi se until the pH
was reduced to 1.8, and thereafter, the tenperature was increased to 80C
over 30 niCydtieslegnd @téameber 80 fom, 1Behphtt @s5 mnd the reacti on sol ution
was cooled to roomtenperature on iced water. The resulting dispersion was
washed repeat edfirearesulftid bErtheapel i sihihg watterofiptch ddwp JpHa oé shlognwash was
increased to 6

The measurement was conducted according to the polishing

evaluation method A.

[Table 1-3]
Polishing rate (A/min)
Example 1-1 1160
Example 1-2 1210
Example 1-3 1290
Comparative Example 1-1 1000

A combination of cylinder and concentric circle was used
in the surface patterns in Examples 1-1 to 1-3.
With respect to Example 1-1 (whose surface pattern is a

combinationof cylinder andconcentriccircle), therelationship
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ornore, to give polyesterresin/silicaconpositeparticles (Cl) . Wen the
resulting conposite particles (Cl) were observed under a scanning el ectron
m croscope, it was confirnmed that the fine silica particg %@ ?Bﬁk%Ck on
the surfaces of the polyester resin particles. Using the po yes

particles (B2) to (B4), conposite particles (Cl) to (C4) were prepared in
an anal ogous nmanner. A vessel coated with a rel easing agent was packed
densely with the resulting conposite particles (Cl) to (C4) and then heated

to a tenrp%% |skt§h%|3§51£gﬁ? gh%gg Qandtﬁ;‘& %ﬁ it'&%l?e A% T f%r a%‘%‘“ 1

hour to form aving a nn1an i amet er
of 60 cm l; par at.i Xt yr n h,abrasi ve

gr ai ns) AfﬁéggBﬁegkeétggh%sg g%a%?égkl e%§|§h%§gp?% %gﬂ ?4ﬁ|ng bl ade was
charged with 750 parts by melght of the resul ti ng agueous dlsperS|on of the
pol yester resin (Al) ( and 844 parts by weight 155 F- PO3019TB(SG of

abr asi ve q& g IIO|daI silica (Snowtex ST-ZL, manufactured by N sssan
Chem cal &a Frle Ltd. ) were added gently thereto under stirring. The
resulting mxture bppamgsalﬁ nmpgeBeqfigmehyper sion w thout aggregation.
Ei ght parts by wei ghg,gfphal Pe PR ThEARS14& B T iR
manuf act ured by N pp xgF reifg §E%§{§E@gt ﬂ? & | i&é@ %F%@FQ
di spersi on, to prepare a nlxtggesg%ggog@ d with ?ﬁg abra5|ve graln

(Preparat on—of +h me—m-Xture—€oh M—t—h—a—b—r—a—s—l—v—e
grai ns wé EﬁBPtgﬁ ;1§ﬁ aBpr@%Q having a gapp&ﬁﬂﬁbo Nm onto a pollyester

fiIn1(Cb<ﬁ5§ﬁ|ne A4100, Toyo Bosekl Co. ( Ltd. ) |and then dried at 120C for
30 mi nut @4 S§iPg & polishihg layer: polishing flilm (F1) Ln the
resul ti ng28cnimktes| LiBM a pdl9ester resin coatildgdGyer (polishing |l ayer)
wi th voi deflteal ume 830~) of about 30 Eun in dianetler, containing 60~ hy
wei ght of| peilliistdngbt asi ve grjpi ns, had been forned in a thickness of about
40 Nzn. Waemansesd | oms50f theaz@sul ting polishing 11ger was observed junder
a scanni ngfelkgctron| m croscope, the abrasive graijns were dispersed very
beautifulEngShQQ aggregat on in the polyester [resin. Exanples 6-2 to 6-4
M xt ur es CTonpounded W th—abrasive grains were prepared T the same manner
as in Exanple 5 except that the aqgueous di spersions of copolynerized

pol yester resins (A2) to (A4) were used in place of the aqueous dispersion
of copol yneri zedtl66n bE- Be8019TBMSEhese results that in the present

this

invention, the polishing rate is stable without a dressing step,
and can bemaintained stably as compared with that of Comparative
Example 1-2 using a dressing step.
Example 1-4

The even surface of the polishing pad (with a concentric
circle-shaped surface pattern) used in Example 1-1 was laminated
with an urethane-impregnated nonwoven fabric (SUBA400, Rodel
Nitta Co., Ltd.) via a double-tacked tape using polyethylene
terephthalate of 50 pm in thickness as a core material. By
observing interference light on the surface with naked eyes,
thepartial polishingunevenness on thewafer was hardly observed

and lower than in Example 1-1. When the surface unevenness was
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pol yester resin (Al) , and the m xtures conpounded with abrasive grains
were used to prepare polishing pads : polishing filns (F2 ) to (F4). In the
resulting polishing films (F2) to (F4), the abrasive gra.

di spersed well to form beautiful polishing |ayers respe?i?@gpgg*§§gﬁple 6-5
(Preparation of a m xture conmpounded with abrasive grains) A three-necked
3-L separable flask equipped with a stirring blade was charged wth 750
parts by weight of the resulting aqueous dispersion of the polyester resin
(Al) , an Lwehat ' ' [ w8l lica
(o ox e g e R e A o o B R P e o
added gen LTEL i %t
nomngencott P tEnRE PREEsR it Lufihen TrnfSihd 8 Ot MR R
shear ed at“&#%h sgeeg_éo mx it with bubbles to prepare a m xture
conpounded Fasive grains. (Preparation of a polishing pad) The

m xture c ounded wi th abrasive grains was applied by an applicator having
a gap of ggmﬁﬁﬁo to a polyester film (Cosnmoshine A4100, Toyo Boseki Co. ,
Ltd. ) and_then dried at 120C_for ,30 m nutes ﬁo iv? a polishing |ayer:

pol i shi ng (FFERAERSION Pl BhBOLESOLLANE2FoPRERL RGP m a pol yester resin
coating | ayer (Rolishing | ayer) with voids (volune 30~) of about 10 to 30
~min dianeter, AcBAkEHEPNGT68L Berkei Gkt "6£98FI PEalaBrasnreBegiains, had
been formed in a thickness of about 40 Nm_ Wien a section 157

F- P03019TEiBethatryRa teesld S iNRH pBYPshBEhg JhaicadaSoobdddsdd hBarts
scanni ng el ectron m croscope, the abrasive grains were di spersed very
beauti f ul by wetigbtit odggr pgateenyithritte lpsirjestad ates hexameahplleng
(Production of an aqueous di spersion) 100 parts by wei ght of the

copol yner diedopglyeseenretbane (pidpobfmear (FA130 6tk gdvoadfsirreChemickAy|

ket one and 33 parts by weight of tetrahydrofuran were dissolved at 70C and
t hen addedot.q I22D. )pantld wd r watere iath ti@peha ydidienarhydgkevas (Tirgaaserepi C

di spersion of the copol ynerizedpol yester resin having a particle dianeter
of about @511 clba-cdhgyy afdl sitAg rAidCk 088 aP homdigep iz2ir0ofo Wal) mithiadisced
into a distillation flask and distilled until the distillate tenperature

reached 1QQG tidttaphl 6489 £H8te Wan@o MRS £ alfle & datees Doh Whenelyiag
sol vent-free aqueous di spersion of the copol ynerized polyester with a

sol i ds coniyent  ofy30gnRes Hbh 8k Pefe Wikt db A &fPadd batlBenRHYEET &1 1h@Si NS
(A5) and (A6), a reaction vessel equipped with a stirrer, a thernoneter, a

refl ux de\gocgﬁtgﬁgfétﬂ%@eié F&Bh&?héédrﬂ? Ebc\%ixe‘ie\éiiﬁ% YRS Gl 3o 1Whiih 60

parts by wei e polyester sin 70 parts by wei ght of “net hyl
ethyl ket %r&%’fa%% Qéétﬁrlbé/dl"ﬁ&i‘hl%ﬁa ésﬁlpécpé)é/érn?ir?é)@%lrwount of UV rays,

and this sheet with a making material having a latticed pattern
with a groove width of 2 mm and a pitch width of 1.5 cm arranged
on the polishing surface was cured by irradiation with UV rays,
and after the PET films were removed, the sheet was subjected
to development to remove the non-exposed regions and then dried
to give a polishing pad sample 1-1. A surface pattern
corresponding accurately to the original pattern was reproduced
on the resulting pad, and the operation time could be
significantly reduced.

(Preparation of polishing pad samples 2-2 to 2-12)
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6. 4 parts by weight of malefic anhydride and 5. 6 parts by wei ght of

di ethyl fumarate, and the resin was dissolved under stirring in a refluxed
state. After the resin was conpletely dissolved, a nixtqnpogblﬁTp?ﬂgs by
wei ght of styrene and 1 part by weight 158 F- P03019TB(SG of octyl

mer captan and a sol ution prepared by dissolving 1.2 parts by wei ght of
azobi si sobutyronitrile in a m xed solvent of 25 parts by wei ght of nethyl
et hyl ketone and 5 parts by wei ght of isopropyl al cohol were dropped
respectively i nfRetpel Poh ¥e§RIAS -0t R -OMEKeke pRepaved amcn kawed to
react for 3 hours to give a solution of graft product (B2) . 20 parts of
et hanol wekLanaddgd. Fert @ﬁegbeﬁ&saaagugradsggh\Fugnz—flol | oyed-pyihgaction with
mal efi ¢ anhydride in a side chain o he graft product in a refTuxed state

for 30 m aukes s34 ohldeind Rl Mtk d BELEeRAEI 98§ QA 5ABWHO: f OB lLPNET at ur e.
Then, the reaction solution was neutralized by adding 10 parts by wei ght of

triethyl am i.Qn- : to, d
Lhe- sof ut 1R GRE QYT el e S RITAe 0 Thereart o7 DT Reoa vear Femal ni ng

in the medium distilled.away heat.i ng, iye a final aqueous
dispersio%hfcfﬁg§$ Ega&ﬁégg%a Fsﬁg§gi%%etﬁgsfkggﬁgg'mas mlk-white with an

average particle dianeter, of 80 nm and viscosity of. 5 s at 25C.
The graf t ePrReRaREg LB QHIStRRSTT Lo budee Vi (kyeSE Sinchaticih BB vel gh
of the side chain of the resulting graft product was 8000. The resin (A6)
was graft@&drﬁ an anal ogous manner by using the conpositions in Tables 5-4
and 5-5, to produce aqueous dispersions (C2) and (C3) . The results of
conposi t i GRAYERELPSHIRh aguY &t hexgre Tholene Al pecyappEe PreROLYBSFect i ve
conponents in the table are expressed in nol-~. The average particle

di aneter GR-d4eH dEvesdshai §pemdiced Co-shéwd-In Table 5-6. 159

F-PO3019TB(SG [Table 5-4] Gaft product B2B3Base
r esi nA5756A80N3N.SomEeSh202B2ZATIDELZZ VARG BEI 2AnBNA7 61 (BCROHr GHEMECDHRS i n
Table 5-4 are as follows: St: styrene BZA: benzyl acryl ate DEF:. diethyl
fumarate MEDh) mal efi c anhydride, and Al BN azobi si sobutyronitrile. [Table
5-5] Aqueous di spersionC2C3G aft product B21000G aft product
B30100TEARTbmataxc hakghdneater§08tel:n Aabl tabe 516 TEAACROST SHEMICALS
triethylam ne. [Table 5-6] Aqueous dispersion(Cl)(C2)(C3)Base pol yester
resi n(Al) @82).0B3) Average particle dianmeter (fin) 10.10.08 10.05
Oligobutadiene acrylate: BAC-45 (Osaka Organic Chemical
Industry) .
(Preparation of polishing pad samples 2-13 to 2-15)
125 g epoxy acrylate EX5000 (methyl ethyl ketone solvent,
solids content 80%, manufacturedbyKyoeishaChemicalCo., Ltd.),
1l g benzyl methyl ketal and 0.1 g hydrogquinone methyl ether were
mixed under stirring by a kneader, and the solvent was removed,
whereby a solid photosetting composition was obtained. This
composition was sandwiched between films and pressed at 10
atmospheric pressure with a pressing machine at 100°C, to give

a sheet molding of 2 mm in thickness. This sheet molding was

irradiated with UV rays, and the other side with a mask film
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160 F- P03019TB(SG Exanple 7-1 Athree-necked 3-L separable flask equi pped
wth a stirring blade was charged with 350 parts by weight of the resulting
aqueous pol yester resin dispersion (Cl) and 350 parts byy wehghyTefsdihe
aqueous dispersion (C3) , and then 844 parts by wei ght of abrasrlrvfe rains,
colloidal silica (Snowtex ST-ZL, N sssan Chem cal Industries, Ltd. ) , were
added gently added thereto under stirring. The resulting m xture becane a
honbgeneous di spersion w thout aggregation. Further, this dispersion was
appl i ed_by.39nghp kgt £ HAVL PRGN LAPIRIRARAIY Rab &l 4 B {«Rs RS hi ne
A4100, Toyo Boseki Co., Ltd.) and then dried at 120C for 30 mnutes to give
apol i shi ngyf LLOL(Flnk arkByt Bicr e3uhil 2 BOLLABLEE Tih nB1AOLYCRLET

0 g ~ by weight o [

coating | ayer ntainin silica abrasive gralns was forned
in a thickness of .about 3Q Nrn. When a sectiqgn of the resul.ting, c i ng

| ayer  wasSBBBLPOEE T AU T GChh A EOLRERE  orf TR BPEEIes dteLar df e

grai nswere di spersed, very beautifully. wthout regation.n_the polyester
Jesi . ExARPI B07PDTRES b0 COHLS f S (ke P o 28 ) DREEEIERed 1o
produce a oIishi_ng fil éFZ) in_the sane nner _as in Exanple 7-1 . This
coating cégl dab&1GREpEPERESREI PALGSEBr Afath8aglrfaF coating film Exanple 8
(Production exanple of polyester resin) A stainless steel autoclave

equi pped with aggFiprartéTt‘%rnaof hBemAEt B+ laMd sLhARIshrPWiver 2 BRIA§REBAdenser
was charged with 161 F- PO3019TB(SG 466 parts of dinethyl terephthalate,
466 part sPef RMRtN ¢ lids bprR el b £C UACFisaPasternhadiseAtBAL HRRAnT padas
parts of ethylene glycol and 0.52 part of tetra-n-butyl titanate, and the
m xture waempdklj 2edébedhadftsnerdekchanernkactlion goove0 wilgdthaopisesr 4
hours . Then, 23 parts of fumaric acid were added thereto, and the m xture
was heat editdsh2001iame 220Gy alerttthodr eantd sabferh etkie isksindriidalc atiitbn
reaction. Then, the m xture was heated to 255C, and after the pressure in

t he react itbosgystferheasagpaduabbdy Leduced2-Bhe m xture was reacted for 1.5
hours under reduced pressure at 0.26 Pa, to give a polyester (Al). The

resul ting (pekypasheionAdf wes ipaliegyekdowaapdelsr argparent-18he conposition
t hereof neasured by NVR etc. was as follows. Dicarboxylic acid conponents:

47 nol -o terephbbal CpaTytlreBi8am®| resis ophid1alurs- 1a0id, (2 1Mened mbttfgili C
acid. Diol conponents: 50 nol -~ neopentyl glycol, 50 nol-% ethyl ene glycol.
Various pelyest etond2,(149, phbheiBawn isB1TaRke 3ol iR @ontent 30%,
manufactured by Toyo Boseki Co., Ltd.), 40 g trimethylol propane
trimethacrylate, 1 g benzyl methyl ketal and 0.1 g hydroquinone
methyl ether were used to prepare a polishing pad sample 2-16
havinganXY latticedembossedpatternonthe surface, apolishing
pad sample 2-17 having an embossed concentric circle pattern
on the surface, andapolishingpad sample 2-18 having an embossed
halftone dot pattern on the surface, in the same manner as for
the polishing pad samples 2-13 to 2-15.
(Preparation of polishing pad samples 2-19 to 2-21)
258 g polyurethane resin Vylon UR-8400 (toluene/methyl

ethyl ketone (1/1 by weight) solvent, solids content 30%,

manufactured by Toyo Boseki Co., Ltd.), 22.5 g 1,6-hexanediol
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produced in an anal ogous manner . The nol ecul ar wei ghts of the polyesters
and the result of conposition analysis of the polyesters by NVR etc. are
shown in Table 5-7. The respective conponents in the tal}. ssed in
nol -o. [Table 5-7] Copolynerized poIyester(Al)(AQ)(AB)(%E?B%P$%§?§¥?

car boxylic aci dTPA47504750(nol - %) | PA 64 49 48 | 50 162 F- PO3019TB( SG
SA0000F7150Pol yval ent al cohol (ol -% EGG0505050NPG50505050MPDO000 The
abbreviations in Table 5-7 are as follows: TPA: terephthalic acid |PA:

i sopht hal hgmaehdPh1a88PaCiLranikg1 e f MRS ACKAGRS 1 g} Rybepgudhyeel NPG
neopentyl glycol and MPD:~ 3-net hyl -1, 5-pentane diol. (Production exanple of

pol yest erm@@hiWS’cHé‘P%éPéidQed“t%F g}f%s% §t§@iié&‘£r€)§gﬁa‘6€ safipIRPed 19 th a
t I e

stirrer, a rmometer and a parti ref ['uxing cohdenser was charged
with 466 . f gl I r.t ' f ot d

i sopht hal g?(e’tiﬁg%f )g%rﬁgég%ke%%é“%%%%%% g ?%%ﬁ?gﬁﬁgep%ﬁa%’%F%FSH%H& ycol
and 0. 52 Eart of ;etég%g-but%% titan t§§ and th%n.Eékyrﬁrc S sg%kee%ted to
ester exc 8ﬁgaaW8 €tfo éga 913 over BNGuYS ° thén 28 parfs of
fumaric acid were added thereto, and the m xtur heated to. 200 to 220C
over 1 hofiP HiRSEAPEEt 8ISt LPRLLERIRE PRAE TH LS AT Fomavamea” EREORESELr 6 was
heated to 255C, and after the pressure in the reaction system was _gradually
reduced, PREIAPREUFR RASYIHCEITRESUTFREF  diudire18ame -@b%"f)f@Té?@G)
reduced pressure at 0.39 Pa, to_give a_polyester (A5). The resulting

pol yest er tPASPOR&ShpaDePRE| BaWPARE E£radspar éntd-The compositi on t her eof
nmeasured by NVR etc. was as follows. Dicarboxylic acid conponents: 47 nol -%
t er epht hal(P&epeiratisg pdl rolisbphohipdc saipde &-g8)-~ fumaric acid. Diol
conponents: 50 nol -~ neopentyl glycol, 50 nol-~ ethylene glycol. 100 parts
of this pol yest 8hepspuybace abhgetfhemedi phlyodephane s ietwad paolydeket one,
were introduced into a reactor equipped with a stirrer, a thernoneter and a
parti al | ybyetl okiinglcentbnselatahdedfperteire mwing e e adiessdldrdd 0£3 parts
of neopentyl glycol, 15 parts of di phenyl methane diisocyanate and 0.02
part of dicbminyl &ipiterai@ties®e 1.8 roadadedai depthhef nd xé ume wndriveaat ed at
60 to 70C for 6 hours. Then, 1 part of dibutyl am ne was added thereto, and
t he react ipen iwas nggsat Bainple Ry 209abih Hghkhp o ACidroNa 8§ Y4 emcon smd iy ,

tenperature. The reduced viscosity of
and the latticed pattern itself was not uniform.
(Preparation of polishing pad sample 2-23)

The same sheet molding as used in preparing the polishing
pad samples 2-13to2-~-15was usedwithout formingasurfacepattern
to prepare the polishing pad sample 2-23.

[Evaluation]

The polishing pad samples 2-1 to 2-22 were evaluated for
polishing by the evaluation method A, and the results are shown
in Tables 2-2 and 2-3. Tables 2-2 and 2-3 show the measurement
results of the compressibility and compression recovery of the
polishing pads, as well as the operativeness for forming surface

pattern and pattern reproducibility.

Table 2-4 shows the results of measurement of the static
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the resulting polyurethane resin (A3) was 0.52. A polyester polyurethane

(A4 ) was produced in an anal ogous manner.

respective polyesters and the result of conposition analp.ppgotdenge)

etc.

The nol ecul ar wei ghts of the

by NWVR

are shown in Table 5-7, and the nol ecul ar weights of the respectlve

pol yester pol yurethanes and the result of conposition analysis thereof by

NVR et c.

are shown in Table 5-8.
pol yur et haneA3A4Pol yest er pol yol

[ Tabl e 5-8] 164
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'The same as above

groove width 0.3 mm
pitch width 1.5 mm
depth 0.4 mm
concentric
circle-shaped
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The same as above

diameter 500 Mm

pitch width 900 pm
depth 0.4 mm
halftone dot convex

1,9-nonanediol dimethacrylate
aromatic urethane acrylate

40 parts
60 parts

groove width 2 mm
pitch width 1.5 cm

benzyl dimethyl ketal 1 part depth 0.4 mm
XY latticed groove
8 The same as above groove width 0.3 mm
pitch width 1.5 mm
depth 0.4 mm
concentric
circle-shaped
groove
9 The same as above diameter 500 pm
pitch width 500 pm
depth 0.4 mm
halftone dot convex
10 1,9-nonanediol dimethacrylate 10 parts | groove width 2 mm
oligobutadiene diacrylate 10 parts | pitch width 1.5 cm
aromatic urethane acrylate 80 parts | depth 0.4 mm
benzyl dimethyl ketal 1 part XY latticed groove

11

The same as above

groove width 0.3 mm
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The resins (A2 to A4) were grafted in an anal ogous manner by using the
conpositions in Table 5-9 , to produce various aqueous dispersions (C2 to
C4) (Table 5-10) . The result of conposition analysis bﬁtﬁwgoggﬁngﬁ shown
in the table. The respective conponents in the table are expressed |

nol -~. [Table 5-9] Gaft product B1B2B3B2Base resi nA17500
_0A207500A300750A400075Monormrer St 108715EA0700 166 F- PO3019TB( SQ
MVAOOO3BZA0030DEF7070MANN81087AI BN1. 51. 51.51. 5 Abbreviations in Table 5-9
are as follows: $t: styrene EA® acrylic acid MVA: met LTI ¢ aci U™BzA
benzyl a¢rylate DEF: diethyl fumarate MAnh: nmalefic aré Yitide, and AlBN:
azobi si sobutyronijtrile. [Table 5-10] Aqueous dispersi 0RGLLGRGAGH af t
product B1100000Graft product B2010000Graft product B3@8486O0G aft prgduct
B4000100TEAS555] ofitexXetranyeétcvkat er 80808080 I n Tabl e 5- #GameTEAStOefrer s |t O
triethyl am ne. (Production of coating conpounded with abva§PV§lg?%Pﬁs)
At hr ee- ne¢cked 3 U separable flask equippedmﬁth a stirr Hié was__ghar ged

. tone cConvex
W th 23 parts—by-weight—of—theresuttingagqueous UIbpblblUll ot acueous

di spersion (Cl) with 30 weight-~ solids 167 F- PO3019TB(SG content, 8.5
parts by weight of purified water and 1.2 parts by weight of a nelam ne
crosslinking agent (Cynel 325) , and the m xture was stirred. Then, 67
parts by weight of cerium oxide (nanoscale ceria, Siber Hegner) having an
average particle diameter of 0 . 3 Nmwere added as abrasive grains and
added gently thereto under stirring. The resulting m xture becane a
honogeneous di spersion w thout aggregation. Further, this dispersion was
applied by an applicator having a gap of 100 ~monto a polyester film
(Cosnoshi ne A4100, Toyo Boseki Co. , Ltd. ) and then dried at 120C for 30
m nutes to give a polishing film(F1 ) . In the resulting polishing film a
pol yester coating | ayer containing 895 by wei ght of abrasive grains of
cerium oxi de had been forned in a thickness of about 75 Vim Wen a section
of the resulting coating |ayer was observed under a scanning el ectron

m croscope, the abrasive grains were dispersed very beautifully w thout
aggregation in the polyester resin. The aqueous dispersions (C2) to (4)
were used to prepare polishing films (F2) to (F4) in the sane manner. In
any films, the abrasive grains could be dispersed well to forma beauti ful
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coating. Conparative Exanple 5-1 600 parts by weight of a thernoplastic
pol yester resin (VWlon RV200,

ionic group O eqg/ton,
Boseki Co., Ltd.) and 400 parts by weight of silica powder

manuf act ured by Toyo

havi ng a

dianeter of 0.5 ~.Imwere attenpted to be nelted and m xed at a 168

F- PO3019TB(SG tenperature higher than the Tg (68C) of the resin,
viscosity was too high and to m x of them was i npossible.
Exanpl e 5-2 8

but the
Conparative

RV2@, ionic
part® by weid
mel tBd and m
The Qi xed sol
to ve a di

and ®0 cmin
obsq£ved unds
silica grains
5-3 3000 part
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(SH192, a din
Silicone Co.,
ceria, Siebel
exchanged w t
(4,4 -methyl e

stirring, and
F- P03019TB( S
made stirring
by wei ght of

eqg/ton, Unirg
pol ysi | oxane/
and 600 parts
were introduc
produce a m X
anot her stirr

[Table 2-2]
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and 770 parts by weight of a curing agent
(4,4 -met hyl ene-bi s[2-chloroaniline]) were introduced into it under
stirring. The m xture was stirred for about 1 m nute,
solution was introduced into a pan-type open nold and post-cured for 6
hours in an oven at 110C
resul ting foaned pol yuret hane had an Asker Dhar dnessof 65,
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lines of 500 ~min wi dth and spaces of 50 Nm arranged alternately, and the
other difference is an abrasion loss in the concaves of spaces in
| i ne-and-space arranged at 100 elmintervals . The resul}$030689%8
Tabl e 5-11. (Evaluation of scratch) The nunber of scratches of O. , ~rn or

nore on the surface of the oxidized coating on the 6-inch silicon wafer

after polishing was evaluated by a wafer surface Anal yzer WW500
manuf actured by Topcon. The results are shown in Table 5-11. 172 C7r al O
c~ 0 A 1 Nr-~1hbyrHsQ0RsNOn09,8Neq 2=0~4ng- 2Uscdihyk cAWed4that the
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mo noOO 000~0u=000 nD OOO'fI v~rlr NN\ 0001r
Oy Ro RHARPR AR u?rhm%a?le S rehallh Badteadad BN
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| fsi f sacAGR0 I ARRY SHPFERL %Venefscnfﬂﬁ 3re eXCRNNE AT HRdHOER AR 1 - 1 NV
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(1 ~r 1r ~~- PS8higg - ERFER S aridifi ik 2eesxRk Qf wafer
F- P03019TB( SG
removal during polishing.
[Table 2-4]
Polishing | Pattern Static Dynamic Removal
pad friction friction of
sample coefficient coefficient |wafer
2-13 XY 1.14 1.01 No
2-14 concentric 1.10 0.98 No
circle
2-15 halftone dot 0.88 0.72 No
2-23 No 1.49 1.27 Yes
Example 3

[Preparation of a polishing pad]
({Polishing pad sample 3-1)

A mixture of 60 parts by weight of oligobutadiene diol
diacrylate (BAC-45, Osaka Organic Chemical Industry., Ltd.),
40 parts by weight of 1,9-nonanediol dimethacrylate (1,9-NDH,
Kyoeisha Chemical Co.,

Ltd.) and 1 part by weight of benzyl

dimethyl ketal (Irgacure 651, Ciba-Geigy) was stirred with a
homogenizer for 10 minutes and then applied by a coater onto
PET films coated with a releasing agent, such that the mixture

was sandwiched between the PET films to prepare a non-crosslinked
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It is recognized that the polishing |layers (polishing filns) of this

i nvention achieve a high polishing rate and are excellent in planarization
and uniformty with few scratches. Exanple 9-1 30 parts i an
aqueous di spersion of polyester resin TAD1000 (gl ass tréﬁfp??ggh%gﬁaerature
of 65C, ionic group 816 eg/ton, solids content 30 % by wei ght, manufactured
by Toyo Boseki Co. , Ltd. ) , 40 parts by weight of an aqueous di spersion
of polyester resin TAD3000 (glass transition tenperature of 30C, ionic
group 815 0 i 00 i ; ; Bosek
Co., Ltd. )s?igéﬁ:pg?tgqmq\?eictgﬁﬁg#esg'crgbs{gnﬁélg?%\%l%%%%ﬁelﬁﬁS% %ﬁﬂx? Sui

Sci Tech) N r i ght_ of | Sur fi pol (Ni sshin
Crem cal BaRyes e SuntiLdR A, eV 13 00U B M ER 0 E Ry <ty
cerium oxi owder _(avera artjcle dianmeter of .0.2.Vim f red by
Bicomhiské%%e&ngréB edgéﬁgg%gsfﬁ 1S e (RS (e Was gt”§?gaﬁgéﬁas to
be honobgenequs. The resulting coating solution in a paste formwas applied
by a tabl@ggyﬁémaﬂg éGiter onto a pol ycarbonate plate of 0.4 mMmin

t hi ckness &M t subi shi Engi neering Plastics) to forma coating of about 400
~rn in tHFPERAEE4NT PRE PBERLE Ag2Pesin plate was dried for about 20
mnutes in a hot-air oven at 110C, then cool ed and_renoved. The resulting
coating had a thi BkxEeseopiapBupante kyr Hedghtheipdr ycBPBBREFECH ate , and
by observing its section under a scanning electron mcroscope, it was

conf i r meddihgthekeviiafe (740 -NH pE3oeIFhReShepdtal €Pes Id1d -der $ URRSESde were
di spersed uniformy w thout aggregation. Wen the resulting coating was
subj ect edbyoveiglstcft at dpbarébeasethame annerteoflActihane ity ¢ e gKEREO Swas

100, indicating no release. Then, this coating substrate was stuck on a

pol yet hyl EHEMIGAMSOf, 2ndmli patrlii dnesd ghAslodr bE€nkalddéesetb l Metaflact ur ed
by Toray Industries, Inc.) via a doubl e-tacked tape #5782 (Seki sui Chem cal
Co., Ltd.)(Iugdenre bbadi Qipatcdidkygl Mas andrived eofhbra Sidtegenitdesr for

pol yet hyl ene foam was stuck on a doubl e-tacked tape under a |oading of 1
kg/ n2, tolfomtimatpel &8ditigepachp kel aghastoatstr engs FPHRtfiders tdoa tedat ed
substrate and the pol yet hyl ene foam was exam ned in a 180 peeling test with
a tensilewtiest ar reilBdseali 8genn, aghesi tiaoftid nivastirel GG gatidwithed
polishing characteristics of the resulting polishing pad are shown in Table

5-12 . It pedgee@ntheMBdrthaind ke peewlaldend ROhLehb991 pAkeBasShaehidh 2
polishing rate, is very superior in planarization characteristics, and is

excel | ent pfn; ynif 0L ¥s . EXATR Safp?APOL I SNNOPBYIVRS RESRBER i th TRE sane
manner as in Exanple 9-1 except that TAD2000 (glass transition tenperature

20C, ioni G4 sO4R %R%Etsgﬁgetfagnnéiﬂ %gfﬁggpﬂﬁgtpépiﬂlf}i/g Wl N amgRN U ACt ur ed

by Toyo Boseki Y was use ace of the agueous dispersion of

et o AR AR BB ASELF fe ES S I o s ahing
pad sample 3-2.
(Polishing pad sample 3-3)
Amixture of 40 parts by weight of bisphenol A epoxy resin
(Epicoat 154, Yuka Shell Epoxy Co., Ltd.), 60 parts by weight
of bisphenol A epoxy resin (Epiccat 871, Yuka Shell Epoxy Co.,
Ltd.) and 1 part by weight of 2-methyl imidazole was stirred
with a homogenizer for 10 minutes and then applied by a coater

ontoPET films coatedwithareleasingagent, suchthat themixture

was sandwichedbetween the PET films to prepare a non-crosslinked
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is shown in Table 5-12, and it was confirnmed that the resulting 175

F- P03019TB(SG polishing pad has a high polishing rate, is very superior in
pl anari zation characteristics, and is excellent in Unifqﬁ@bgﬁi9¥% le 9-3
Apol i shi ngpadwas prepared in the sanme manner as in Exanple 9-1 except that
MD1200 (gl ass transition tenperature 67C, ionic group 300 eg/ton, solids
content 34 % by wei ght, manufactured by Toyo Boseki Co., Ltd.) was used in
pl ace of the aqueous dispersion of polyester resin TAD1000, acryl resin was
used in pEﬁEStoégti‘MoﬂryctWi%%%ts%.aSTng SMRS1E %gs oAl byaRdatARgdr yi ng
tenperature and drying time were changed to C and 40 m nutes,
respectively. The result is shown_j le 5-.12,. .and it _.was confi..ned that
t he resul f‘fcﬁd“‘%?]f ?ﬁajgo%%ﬂ Rids saajﬁiqgarlbago?ril%ﬁijong rreastpee,cqlsv%sllé[r'y E‘SBSF ior in
pl anari zation_charac istics, and is excellent in uniform EX le 9-4
Apol | shi nGBaARAs ProBardd 1iF vREC Sar RehReotde ¢ hotianirg id saiBad: °: na
after the_pql ycarbonate substrate was coated, the coating surface was

coat ed agérg'to a thickness of about 400 Vin. The thickness of the obtained
coating was about 700 flan, and_the nunber of remaining regions in a
crosscut t(BpéieBinInRgd166MPiRdPc4?i ng no change in the coating. It was
confirnmed that the resulting polishing pad when used in polishing has a

hi gh pol i shing Aa@é’,‘ti%ev%fy&gtﬁﬁﬁ%rbﬁf ¥ i Bt otz &LilgRbeRacdersr %éf’ilcs, and
is excellent in uniformty. Exanple 9-5 176 F- P03019TB( SG Agolishing pad
was prepafdédciriyleie $BAE-AAnnepalks Qrodxkergihengice ledesins tiyat, &td.) .,

pol yur et hane foam (Asker C hardness, 55) was used in place of the

pol yet hyl éQepé&vamkis wei@hdushi bndtageanediak tEmathadry kagsi dlsdbdDHate. |t
was confirmed that the resulting polishing pad when used in polishing has a
hi gh pol i &yicegshat €hemg cadr gosupértidon iendplaparitzbyi orighdr aft beingilcs, and
is excellent in uniformty. Reference Exanple 1-1 Wen a polishing pad was
prepared dimehbdydaketadngrgasura &Eanpteb&-dexgepad heti e adudoas

di spersion of polyester resin TAD3000 was not used, the surface of the

pol i shi nghbayeeniadrsitghi i 0cabhuteackhdgtlaén edppll Ved Py \Mhemw attairs opaloi shi ng
pad was used in polishing, a part of the coating was renoved, and a | arge
nunber of pgar ai theScyefel MRTEr ¥ece Dia 8 N@fRferi0l ssbadthRefaiematranpl e

1-2 When a polishing pad was prepared in the sanme manner as

was sandwiched between the PET films. The other side of the
polishing layer side was irradiated with UV rays, and then the
sample, with a negative film having circles of 50 Um in diameter
arranged on the polishing layer, was cured by irradiation with
UV rays. Thereafter, the PET films were removed, and the sample
was developed with toluene and dried to give a polishing pad
sample 3-4 having cylinders of 50 pm in diameter in the polishing
surface.
(Polishing pad sample 3-5)

A mixture of 60 parts by weight of oligobutadiene diol
diacrylate (BAC-45, Osaka Organic Chemical Industry., Ltd.),

40 parts by weight of 1,9-nonanediol dimethacrylate (1,9-NDH,

Kyoeisha Chemical Co., Ltd.) and 1 part by weight of benzyl
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in Exanple 9-1 except that the aqueous dispersion of polyester resin
TAD1000 was not used, a good coating was obtained but the surface was
slightly sticky. When thi's polishing pad was used in polgsh g@gfer was
stuck on the surface of the polishing pad, to causeS|gn|f|cant V|B tion
during polishing, resulting in renoval of the wafer fromthe wafer hol der.
Ref erence Exanpl e 1-3 Apolishingpadwas prepared in the sane nmanner as in
Exanple 9-1 except that the resin substrate was stuck on the polyethyl ene

1L e RILEIPLSRpLoar biaalel 000 T dosy) s T sy

betmeen the resin su strat foamin the prepared

POl Sh N0 BAd el A8 LT 16,1 Aed S0 PRBld L hoRlaq ICRbE] bhafcthe

adhesi on was oW as hIS mas exanlned in a

pol i shi ng t he 6 strate coat ed mnth f|n bra |ns was
rel eased F}rignh’% poq Oﬂyll"eéﬁe foarﬁ?%lyreq gerdy ts}’ltgatt At cl)’fe f&W waf ers

t hus makin olishin ossi bl e, enc ql j shi_ngpadwas

pr epar ed Vﬁsfﬁéné gﬁﬂnﬁngﬁgnlﬁhﬁx%ﬁ% g g“ ggﬁbt%Pﬁ ﬁ@ QﬁogﬁF of the
ceri um oxi de ,powder. (aver age rticle diameter factured by

Bi cowhi sk@@)}1 %ﬁgng ( tlg 5‘8’% bé?t%a‘&/l%\wﬁh%rrafﬁeatr%%mlﬁ%ﬁbv h8VPshi ng

| ayer was very poor in adheS|on and coating strength, and when the
subst r at e 2REEEIN g aBRAE,; WikE TBRER Ry A d LP@RVEdedancl WE 9peryeehy| ene
foam | ayer could not be |am nated. Exanple 10-1 35 parts by weight of an
aqueous dpPdpeedi on bhepbpyeshengrbayer TDIDOYIWsed bandiregiatdmper at ur e
of 65C, ionic group 816 eqg/ton, solids content 30% by wei ght, nmanufactured
by Toyo Bwsski UCxays Lt @heregfaerpathe BET dilgist weteaneraq‘ﬂe@u@rtﬂ $per si on
of polyester resin TAD300 (glass transition tenperature of 30C, ionic group
815 eq/t osampidki wss c@viednped8D¥i by welugdrie amendf bed urcediby dppd iBbseki Co.
Ltd. ) , 3.5 parts by weight of a crosslinking agent Sinel 325 (Mtsu

Sci Tech) aad Gamppar B-578avikgPE@I0H20BIES) ohy thvei gbil ishiagdehadaiceg agent
Surfinol DF75 (N sshin Chem cal Kogyo) were introduced into a flask

equi pped wrbh ighshigl biadg sbh@desagd emaxad 3unger stirring, and 95 parts by
wei ght of cerium oxi de powder (average particle dianeter of 0 .2 ~~zn,

manuf act ured byaBneewhiskey)loveraradded GuegRESOFeAytih@ietano JARROBE
m xture was stirred so as to be honogeneous. The resulting coating solution

in a pasteykMTEAMSS ARPL bﬁgt@?ﬁ/ we 1 @bt 8ribERe ydi @i kR Er k884 0 (a rRloygar bonat e
plate of 0.4 nmmin thickness (M tsubishi
651, Ciba-Geligy) was stirred with a homogenizer for 10 minutes
and then appliedby a coateronto PET films coatedwithareleasing
agent, such that themixture was sandwiched between the PET £ilms
to prepare a non-crosslinked sheet of 2 mm in thickness.
This non-crosslinked sheet sample was cured in a usual
manner by irradiating its polishing layer side with UV rays.
After curing, the PET films were removed to give a polishing
pad sample 3-6.
Then, the other side of the polishing layer of this
non—-crosslinked sheet sample were irradiated with UV rays, and
then this sample, with a negative film having circles of 50 um

in diameter arranged on the polishing layer side, was cured by
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Engi neering Plastics) to forma coating of about 400 E,1zn in thickness.
The resulting resin plate was dried for about 20 mnutes in a hot-air oven
at 110C, then cooled and renpved. The resulting coating hagzg1dta@Edess of
about 350 ~n on the polycarbonate plate, and it was confirned by observing
its section under a scanning electron mcroscope that the fine particles of
cerium oxi de were dispersed uniformy w thout aggregation. Wen the
resulting coating was examined in a crosscut tape test, the number of

remai ni ng; eghons 1%, Ay Laghoating noriel ease PETNENd i Se CRALLAE

substrate was stuck on a polyethyl'ene foam of mmin thi ckness (Asker

har d ked
ape #5783°'s8 .su?’%%%%c%ﬁ%%ﬁ%ﬁd&@?ﬁaﬁémeh ca bR RS 2 e

th id f th | yet h t.uck bl e-.t acked d

a Ig;dflr\gle)8$lf¥‘&§fgﬁ§ac\{esc? R ?Y?ﬁ%@%ﬁbﬂgﬁ%g’fd AT G SEPRREER
bet ween t he coat trat . a d 179 E- P03019TB( SG the polyethyl ene foam
was exani ﬁ&ﬁapﬁe f§0 Bgepf’?@ Bégg fPth28 tensile tester, indicating an

adhesi on of I east 1000 ¢m pol i shing pad was subj ected to grinding
with a rot BPﬁﬁS whet ??Qnéag‘ r3m8$atti ced grooves with a groove width of 1
mm a groove pitch of 6 . 2 m"nand a depth of 400 ~n on the surface_.. The
pol i shi ng char aéP8r¥ R LB LRIRE QTN (VY PoIURSHIANY 28 14rPBeEREMAYIN Tabl e
5-12 . It was confirned that the resulting polishing pad has a_high

pol i shi ngefhve, kﬁ§°@§rﬁléépEV|U?lghtbl&ﬁ&Vﬁ?évléﬁlé%§r§€P§PP§t§@§r and is
excellent in uniformty. Exa e 10-2 Apolishi ngpadwas pr ared in the sane
manner asMPRUERGHPIrediDy T%S?Efﬁelﬂhﬁt) TASZDAO ‘églga’éélft‘?m ¢} BFOPeRFer at ur e
of 20C, ionic group 1020 eqg/ton, solids content 30~ by wei ght, manufactured
by Toyo BtgéketBecrylete. 1) gweszydatinatipilaketal ankdd equéwalgoauug',p@m@i on of
pol yester resin TAD3000, and ABS resin was used in place of the

pol ycar bomattbydsetherswbséermai ged canadelr Shirriosulky rrg kyaladsin ngngdadheas subj
ected to grinding with an ultrahi gh hardness bite to formlatticed grooves
w th a greeleewtdils aferdover, arhgiredwe apsd tihd efhdhh sentaindy aoth@pisi tdbn0. 5 M
on the surface. The results are shown in Table 5-12, and it was confirned

t hat the wasubbiagnpal i stthihg @atbdwst foivls pRIndhiciged dleawdes \Farlys
superior in planarization characteristics, and is excellent in uniformty.

Exanpl e 1Gnd ppekisaidgnaduesoPpreal €bids sl $AFR S8 s asy machiaepl e 180
F- P03019TB( SG

at 100°C, to give a sheet molding of 2 mm in thickness. The

other side of the polishing layer side of this sheet sample was
irradiated with UV rays, and then this sample with a negative
filmhavingcircles of 50 uym indiameter arranged on the polishing
surface was cured by irradiation with UV rays. Thereafter, the
PET films were removed, and the sample was developed with toluene
and dried to give a polishing pad sample 3-8 having cylinders
of 50 pm in diameter on the polishing surface.
(Polishing pad sample 3-9)

258 g polyurethane resin Vylon UR-8400 (toluene/methyl
ethyl ketone (1/1 by weight) solvent, solids content 30%,

manufactured by Toyo Boseki Co., Ltd.), 22.5 g 1,6-hexanediol
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10-1 except that MD1200 (glass transition tenperature of 67C, ionic group
300 eq/ton, solids content 34% by wei ght, manufactured by Toyo Boseki Co. (
Ltd. ) was used in place of the aqueous dispersion of pquggb@ngﬁﬁhn
TAD1000, acryl resin was used in place of the pol ycarbonate as the
substrate coated, drying was carried out at a tenperature of 80C for 5

m nutes, and the sanple was pressed at a pressure of 5 kg/cnR against a

pol ytetrafl uoroet hylene resin nold prepared so as to forma groove w dth of

1. 5m di‘m%ﬁ%?ﬁ%%h 103 B2 iPP130 fnéc B PR 4R A OQflugT:”QQd’fothiﬁBHet hen

dried at a tenperature of 80C for 35 mnutes . The resultsS are shown in

Table 1, f'ﬁ@‘ﬂygﬁ WBfie FOPLLL r‘iﬁ:‘.’xéé‘aﬁnéé‘f §1%fgitr-{qlgaﬁp%{]ik%@a'&%rgagnﬁaﬁhé hi gh

polishing rate, s very superior 1n planarization characteri'stics, and is
lent i ¥ . 2 L L oh

manner - as*PAVERSnt € o/ BB Ry, = R AR B RRRRBS hTeb et e vl

coated, the coated syrfagce of the substrate was cqate in to.a.thi ckness
of about 488 8$§?l?ﬁ ) qﬁ% SSRGS 4 %?%ﬂ%%ﬁ:%%?i?iﬁﬁe%g%%igegBoﬁﬁ1?60 el m
and the polishin d subjected. to grinding.with a rotatin 1et st one
£t orm | ATH RER TP GVe v FROSP R bt B AU D Ehrno b i, BGHERR of 6. 2
mm and a depth of 700 ~,rn on the surface. Wien the resulting coating was
exam ned B a06r®sstUtIrEpe et thldtdert of Werd g &fions Thes 100,
indicating no change in the coating. It was confirnmed that the resulting
181  F- POsbeoTRIGEHshr e hispEe Wigierusédei ff poilisshRagt HarRl ehi'gh
polishing rate, is ver~r superior in planarization characteristics, and is
excel | ent irgadapftednviyh Braigde PO LAGH LA pERR Y e garedatavehe sane
manner as in Exanple 10-1 except that a pol yurethane foam (Asker C

har dness, £33 hasingedYi arpbues af ratzedadrycthsy ireid shdad aunflagecusli on

| ayer stuck on the resin substrate . The surface of this polishing pad was
provi ded byrad®? gasadbseiomivitlcdicenlysi.c Thectat shapethg®ddvéd lhavi ng a
width of 0.3 mm a depth of 0.3 mMmand a pitch of 3 mnm It was confirned

t hat t he weselidngrqab) asbithg parap Myer suserk iapgubivi shited uease andidghed
polishing rate, is very superior in planarization characteristics, and is
excel | ent tongufref ar polly shRabepadceampyaapBe 92hhvApgl K¥hphgpadswaa phepar ed
in the sane manner as in Exanple 10-1 except that the procedure of formng
grooves was1Aghimgn@duetrade . The resulting polishing pad was used in
polishing, a wafer could be excellently polished for first few m nutes, but

the vi bratipgn j@h ihbe pwaf 8ampaeaneigncreasingly significant, and finally the
waf er unable to be nmai ntai ned was renoved. Reference Exanple 2-2

A commercial polishing pad made of polyurethane,
IC-1000A21, was used in polishing pad sample 3-10.
The evaluation results of these pads are shown in Table

3. Evaluation of the polishing characteristics was conducted

according to the polishing evaluation method A.
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When a polishing pad was prepared in the sane manner as in Exanple 10-1
except that the aqueous dispersion of polyester

and finally grooves were not forned,
exhi bited significant cracking 182

poli shing pad was used in polishing,
a | arge nunber of scratches were observed on the wafer

resin TAD3000 was not used

the surface of the polishing |ayer

F- PO3019TB(SG after drying. Wen the
a part of the coating was renoved, and
pol i shed. Reference

Exanpl e 2-3 \When—apolishi-ngpad-—was—preparedin-the sape—wanner as in
ple 10-1 except that | t he| aqu di gper si on pol yester [resin TAD1000
was ot used |and finally|gropves e nat forned, good coat|i ng was
obtéﬂned but |tthe surface|was! sl i y stli cky. When pol i shi ng pad was
use®in polis@ ng, a|wafer was s on |t he|surf t he pglishing pad,
to cguse significant |vibratipn d g paljshing e wafer was finally
remgved from & waf ¢ hokder~ R ence aspl & $\Apéﬁishingpad was
prepared in the Sanme|manner As | anplfe 10-1 ¢ at the resin
substrate wag st uek, (with no| or | oddi ng, of e pol yet hyl ene foamto
prepare a polushlﬁg pad, |and| fin grqoves wel or med.| The adhesi on
bet ween t he rékmn\substr¢te and pol yet hyl ene in the |prepared
pol i shi ng pad,oﬁsgdetgrniﬁed En @ 18 pegl i ng te ated that the
adhesi on was ast 400 gfem it hiFs p@llshlnyﬂpa was |exam ned in a
polishing test, the fesin supstr coatjfed wth rasi ve grains was
rel eased fromahe polyethyl epe f | ayer afiter nt of la few wafers ,
t hus maki ng pdlbshlnq i nposs| bl e| f erence |Exal 183
F-POSOlQTB(SC%)ébollshin;padﬂas ared in|the e mahner &s in Exanple
10-1 except tjHa Q,the amougt of t ef i ym oxide [Qverage particle
di aneter 1.5 g} 1gfa;;ur%g biy.; comhlskegj \ ged to 500 parts by
wei ght, and flich geooyes her e| o or|red. mﬁh@mre Mg palishing |ayer
was very poor[ I adhesion ang co g strength, n the |substrate
material was |bent, the coatipg w enoyved, |and vet hyliene foam | ayer
coul d not be haﬁinated. The pol i g pads obt ai Exanplles 9 to 10,
Ref erence Exgrpliks 1|40 2 anthb @;ivg_E)gnpl &4 werle eval uated as
follows. The |Esupts |are ghoqg in; el 12, (k i pn of |polishing
characteristlé?, As—tthe poli Shing ralc QL Ae, SDDRC S {‘Ckafmto—Kosaku Ki kai )
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was used in evaluation of polishing characteristics. The thickness of an
oxi di zed coating was neasured by an interference filmthickness neasuring
machi ne (nmanufactured by O suka Denshisha). For polishi n (pH
11) of KOH in ultra-pure water was added as a chem cal qg O?ng+§&k§ fl ow
rate of 150 nmg/ mn. during polishing for the Exanples, mhlle slurry

Sem Sperse-12 manufactured by Capot was dropped for the Reference Exanpl es
and Conparative Exanples. The polishing | oading was 350 g/cne, the nunber
of revol ugians,af 4t he polishing platen was 35 rpm and the nunber of

revol utions of the wafer was 30 rpm (Evaluation of planarization
characterh?gggi %83 F- P03019TB(SG O . 5 ~mthermally oxidized coating
was deposi inch silicon wafer and subjected to predeterm ned
patternlnq ? h ne 0 OX|d|zed coating of p-TECS was deposited thereon, to
prepare a war & "havi S d pattern with an initial difference in step helght
of 0.5 dun. Thi s. pol i.shed nder t he abqve-des rlbed condi tions,
and after pol | shFrpe BalRenERr PRt P HT SR B AL ORGASEPEG tEse

eval uat e glanarlzatlon characterliilcs For Ianarlzatlon chgracterlstlcs
two diffe @ﬁ&@spFﬁpéFEB hei GhE hertdoneagurmay! eéngaaiPFEPenc% $s9a I oca
difference in step height, which is a difference in step height in a
pattern h&@ﬂﬁ@r?¢£é§qﬁe§ﬁ@(YﬁﬂﬁﬁW@{ﬁ?p%n&oéﬁﬁéégmeﬁbyl??P%%éﬁt°§ﬁranged
alternately, and the other difference is an abrasion |loss in the concaves
of spaces (ldlypueighn) hadlhigd Faesent 3G ~panphaatdred dydlepaBesesi 270
urn arranged alternately. The average polishing rate was the average of
those in €he ,2%0dEUR 2P nesyahdo-3texanedidhatime iRt iateon lofd Henavdh) The
nunber of scratches of 0.2 ~lrn or nore on the surface of the oxidized
coati ng odimeéeh§li kehadidnddnh waf bydabtieinpoki shthyl velshey alarst edxled a

waf er surface neasuring device WM500 manuf actured by Topcon. |85 0o MO
& N | N bhndHeMMtANN ing-by aziB@ade rd andOcthe-ao lvantmars rewoved uwherebyl ~ - ~10
~a~ ~~ .r.| >~ -~1~>~ ~a~rt oc~ ob -~b -~lit ord ofxU QU pa3 ~3 PU P, U
QNGO OWRQ lkotid Nhb@oeehydidy tdmposition was obtained. This

composition was sandwiched between films and pressed at 10

atmospheric pressure with a pressing machine at 100°C, to give
a sheet molding of 1.27 mm in thickness. This sheet molding
was lrradiated with UV rays for a predetermined time, and the
other sidewithamask filmhavingadesiredpatterndrawn thereon
was irradiated with UV rays, and after the films were removed,
the sheet was developed. The sheet was dried at 60°C for 30
minutes to give a (nonporous) polishing layer. The patternfilm
used was the one giving XY latticed grooves (groove width 2.0
mm, groove depth 0.6 mm, groove pitch 15.0 mm) to the polishing
surface of the polishing layer. The polishing layer used was
the one cut intoadiskof 60 cmindiameter. The storage elastic
modulus of the resulting polishing layer was 350 MPa, and the

tensile elastic modulus was 860 MPa.
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f3~rtC 1, rtp. X0 X 03019TB( SO Indu rial
ApplicabiFPF? ﬁgg PlgﬂFﬂﬁaugue MERits ( FH&EEPF&H ci §§;mﬁse5 g5age
pol i shi ng pad effectl stabl e nari zi ng processing, at high polishing
rate, SRPSF%CrQSGP}gﬁg gu?f%@é?fWQFnB§ dat high Ievel, such as a
S|I|conmafer for sem conductor devices ( anenory disk, a nmagnetic disk,
optical mgfeliigPdnrguPRdAs optical lens and reflective mrror, a gl ass plate
and netal. The gollshlng padof this invention is suitable for use in the

step of planari 2i dgupbetrecked IsaRe dPoubds RarkrTare daATSE qTRNRSd Payer

substrate) having an oxide layer, netal |ayer etc. fornmed on a silicon
waf er, andekisulii EbAmaaR&r Chef oked} hrvaats Bickmn fdvametiher siideuéhanayers .
The cushi on | ayer of this invention is useful as a cushion |ayer for the
pol i shi ngtpadpoFushhey, sthéapolafstihegppddsbinghlsyényaemd dheconsailng
abrasive grains in the polishing pad, and thus can be manufactured at | ow
cost s wi t Rayeruwiang sexpé&nsnvéhel doupleFuached, thipe .abFasthergrains in the
pad are not aggregated, and thusscratchesare hardly generated. According to
t hi s i nvedbublde-tbheartedcaapbevadtsatiued on poki shdagoparheachistiiorg layleirgh
polishing rate and being excellent in planarization and uniformty. 188
F- PO3019TBppoE iCeAtSthe polishing layer, to prepare a polishing pad.
Example 4-2
Apolishingpadwasprepared inthe samemanner as inExample
4-1 except that (in the polishing layer) in Example 4-1, a solid
photosetting composition prepared by mixing 258 g polyurethane
resin (VylonUR-8300, solvent: toluene/methyl ethyl ketone (1/1:
ratio by weight), solids content 30% by weight, manufactured
by Toyo Boseki Co., Ltd.), 22.5 g trimethylol propane
trimethacrylate, 1 g benzyl dimethyl ketal, and 0.1 g
hydroquinone methyl ether by a kneader and removing the solvent
was used as the polishing layer-forming material. The storage
elastic modulus of the resulting polishing layer was 200 MPa,

and the tensile elastic modulus was 690 MPa.

Example 4-3
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1 . A polishing pad having a polishing |layer, characterized in that the
polishing layer is fornmed froma curing conposition to be cured by energy
rays, and the surface of the polishing layer is formed ¢ onvex
by photolithography. 2. The polishing pad according to J?gﬁﬁp%g@aﬁgﬁeln t he
polishing |layer has a static friction coefficient of 1.49 or less and a
dynam c friction coefficient of 1.27 or less with a glass under a | oading
of 4400 gf. 3. The polishing pad according to claim1 or 2, wherein the

curing CO”pos'tA%%lﬁ%@ﬁ%b§§§i@a§BEEQaQ@BMHP{hQQHHQHBQneQen;IHEXQ% U%h'ng
pad according to any of clains 1to , Wherein the backside of t

pol i shi ng4Lay, cép% RhQYI ﬁﬁfjt}ﬁ"e b Zesgﬂﬁﬂj Qﬁ%éf‘%’% ERamp Q%—H‘)'éﬁ@'lﬁ%dpad

according to c alm 4 | ar act he po |s ing l'ayer is free of

por es andnggu%e%hgaagghg asg %Esqg L7 R o BBy hT,

storage e i'c modul'us o ushi on ower
pol i shing | p |IShIn ccordln to _an of clains 1 to 4 ,
wherein tH %X ﬁlng£?§YGg oﬁﬁ? % pglfgﬁ 8 §drface | ayer and a

backsi de I r an de l.aye roed from n ener ay-curing
conos &1 00 B8 L EReRPLA LenEPgpED gﬁ—l 8479 et baCk ST Py ar oo
cushion | ayer f rned pattern b photollthograph 7. The_ poljshing pad
accor di ng%laé{eﬁngo f“lé‘l%ﬂ‘%erllfi tg Hri?é’arq:aljé‘%ﬁéf )p%%gs BINQHEYELN t he
polishing |ayer conprises a palishing surface |ayer and a backside | ayer,
and the hdP@déssisg Jc?ﬂléebdlhlsth%ér PAcEN) ap&d FiemYheth tHASUERE Rar dness
of the backside layer, and the difference in hardness in Shore D hardness
is 3 or mefethsg po by | lsavi ety wgdd faspeadXhgl a ot ksed @ vies7 (Ir@R&eei n t he
pol i shing surface | ayer and the backside |ayer are formed continuously into
one body mad&ho? . fHemsamoaie degtdolpbsini @roxye Pigchol bshimy gudan
according to claim@8, wherein the difference in hardness is given by

appl yi ng emxéegyalaysans, arshekenhds pglibkipgllsfdmyasurdtade toay eiis&nd
backsi de | ayer fornmed froma curing conposition. 10 . The polishing pad
accor di ngotfo 6anymofinclddiametert.0 9he sharagéeeilasticnmotialushefstihéace of
the polishing | ayer has concave and convex to form grooves through which
slurry use@siuntpdki s8LDghihgvsaydd wakheopaipshiang phd ©0eor b @Q als@ iany of
claims 1 to 10, characterized in that the surface of the polishing |ayer
has concawyganesCceageX os@ temm grooves in which slurry used in polishing is
stored. 12 . The polishing pad according to any of clains 1 to 11
charact er igz@ep1 tshat the material to be polished therewith is a

sem conductor wafer or a glass substrate for precision

Apolishingpadwaspreparedinthe samemanner as inExample
4-1 except that (in the polishing layer) in Example 4-1, a molded
polyester sheet (polyethylene terephthalate) was used as a
polishing layer—forming material to prepare a (nonporous)
polishing layer (polishing layer thickness 1.27 mm), and the
polishing surface of the polishing layer was formed XY latticed
grooves (groove width 2.0 mm, groove depth 0.6 mm, groove pitch
15.0 mm) by an external means, and then the polishing layer was
cut intoadiskof 60cmindiameter. The storage elasticmodulus
of the resulting polishing layer was 795 MPa, and the tensile

elastic modulus was 1200 MPa.
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instruments. 13 . Amet hod of producing a polishing pad having a polishing

| ayer, characterized in that the polishing |layer is produced 190

F- P03019TB(SG by a photolithographic method conprising:pﬁ@hoqb@Bﬁkgp of
formng a sheet nolding froma curing conposition containing at |east an
initiator and an energy ray-reactive conpound to be cured with energy rays,
(2) the step of exposing the sheet nolding to energy rays to induce

nodi fication thereof, to change the solubility of the sheet nolding in a

sol vent, edgpe3htile $i8RpAE devel oping the sheet nolding after irradiation
with energy rays, to partially renove the curing conposition with a sol vent

ther by o M NG90 Ve ADEL CORLEKDALLCI £ BLaheAsh AN UL bAgRpI LA, The

met hod of form ng a po I ng ing to claim erein € step
of formn e I Ny i;nat.i_ng e ray-fper,neab strate
on at Ieagtggﬁgsgig%a%f&@Léﬁghégghggﬁhgnéggig? #ﬁﬁbﬁ%%ﬁga4gﬁ”fg§ﬁ®%§ a

pol i shi ng d accordin l.ai m 13 or .14, characterized in_that the

"Fradi at 1B LOPEE ERRDS JaE L000Gr Mrguedrrsrsr P RAaSH ng oRarercars &
havingenergﬁ.r?ﬁ-%erneabL% regi ons %nd,i %rneable regigns _and irradiating
the sheet PUidSPHEIpAFYEFnIPF i IR sﬁéuagl; PaPsePEEe ThdPREPREAYS? for ni ng
a polishing_pad. according to. any,of clains 13 to 15  characterized in that
t he energF%#éfg&GPI §YEENPHBEL L FBANE 0 ?Ee%h%Ffﬂﬁﬁ§r%Tﬁ{H 85or,é‘n§F§gleid

pol ymer compound and a liquid |ight-reactive conmpound. 17. The met hod of
for mi ng aPPSrSEAREgS pate e’ Ofr Bl adald stong lpyppstanfarsey Rhyasfticesi ms 13
to 16 , wherein the transmttance of the sheet nolding at the wavel ength of
energy raf¥oeesi hgr aowe Mickh dnlimn 1 grepvepferth d . cAMRetHeRP W PAt6duci ng a
pol i shing pad provided with a polishing | ayer conprising a polishing
surface | dypef mnd ky backsteens hynganshothdothemitdle apéisbhined aysn Wasous! y
into one body made of a curing conposition to be cured with energy rays,
sai d net hedtconpr aslimk ¢Hé Ostreps dtiemsitstr .ngToe fwrmagegel et camody lus
conposition into a sheet nol ding, exposing the sheet nolding with energy
rays vi a edskhagreshbtiag pakisdsngey raasgreotkisvéby) MPat hend weadcensdle ng t he
polishing surface | ayer and the surface form ng the backside | ayer, and
devel opi ngluke isheedulnlsdwiag Roodmeaal ve and renpve the uncured curing
conposition to forma concave and convex pattern thereon.

Thepolishingpads obtained intheExamples andComparative
Examples were evaluated for polishing rate and planarization

characteristics according to the polishing evaluation method

(B). The results are shown in Table 4.

[Table 4]
Storage Polishing | Local Abrasion
elastic rate difference loss of 270
modulus of the | (A/min) in step um space (A)
polishing height (A)
layer (MPa)

Example 350 1580 1100 500

4-1

Example 200 2190 400 1500

4-2

Example 700 1800 800 1400

4-3

Example 795 1350 1100 1300

4-4
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19. A method of producing a polishing pad provided with a polishing | ayer
wherein the polishing layer is provided with a polishing surface |ayer and
a backside layer formed continuously into one body, and gl of the
polishing surface |ayer is higher than the hardness of tiz%gggggﬁggﬁlayer
and the difference in hardness in Shore D hardness is 3 or nore, said

nmet hod conprising the sheet-formng step of formng a sheet nolding of a
curing canposition tao be cured with energy rays and the curing step of
form ng aCemppergace LA har dness hy288pl yi ng €19 gy rays.| 40 A poli|shing
pad conpiivei Rgampleeast a polishing |ayer 192 F- PO3019TB(SG and a
cushion | &yér, characterized in that the difjfference in hardness in Shore D
har dness between the polishing | ayer and the cushion layer is 3 or nore. 21
. A polishing pad conprising at |east a polishing | ayer and a cushion

| ayer, characterized . in that the polishi | gyer has no pores and has a
storage el asti cFRBEUR rSF“%GS ’bllnn%?rlgl,e gﬁg'tﬁ% 1St o Sy EF e e Thodul us
of the cushion |ayer is |lower than that of the polishing |ayer. 22. The

pol i shi ng2pRRL LEtthePAg RV ErGithe2oe bl shing dRYPARRY thedCH T 1 Pratd ayReE
surface of the polishing layer is formed with %rooves_th(ough whi ch slurry
used in p¥besRingthe ciieras etRe tisl PeRThgs pald thechrdiahing KL HWaE ai ns
20 to 22, characterized in that the surface of the polishing layer is
formed wi £200gMbawaasmorewnied tleustyragedce las piot mdudgsi of theceghiord. The
pol i shing pad according to any of clains 20 to 23, wherein the material to
be polishédyelrewewi Lhwes bhaenikanduttdre waflershoing 1gyaess cambdmpaoyef or
precision instrunents. 25. A cushion layer for a polishing pad conprising a
pol i shi ngpllayeriaadiancedhirartleayjericsharacteri zed in that the conpression
recovery is rate 90g or nore. 26. The cushion layer for a polishing pad
accordi ng (sempliai m-2%, characterized by containing a conpound havi ng rubber
el asticity. 27. The cushion layer for a polishing pad according to 193

F- PO3019TB( SO @ha;%éri:@§ B wé8ghehat acbeniyied byebel R GeneayR tadd eg@NVeX on
the surface thereof. 28. A polishing pad conprising a polishing |ayer

havi ng abragiMgmaiai8ardbaper aguklcRutedi By S8y acterdzad iy WRagnthe
resin is aresin containing ionic groups in the range of 20 to 1500 eqg/ton.

of a monomer lauryl methacrylate, 1 part by weight of a

photo—-initiator benzyl dimethyl ketal and 5 parts by weight of
a plasticizer, liquid isoprene, were blended, melted and mixed
in a twin-screw extruder, and extruded through a T die. The
resulting sheet was sandwiched between PET films of 100 Mm in
thickness andpressed against rolls such that the whole thickness
of the sheet became 2 mm, to form an uncured cushion sheet.
Both sides of the uncured cushion sheet were irradiated
with UV rays to cure the whole surface, and the PET films were
removed to give sample 6-1.
(Sample 6-2)
One side of theuncured cushion sheet obtained in the method

of forming the sample 6-1 was irradiated with UV rays, and then

104



29 . The polishing pad according to claim28 , characterized in that the
resin formng the polishing layer is a polyester resin, and the proportion
of aromatic carboxylic acids in the whol ecarboxylic aci dp 989BIsG
constituting the polyester resinis 40 nol-~ or nore. 30.%%59 P? E?Jg pad
conprising a polishing | ayer having abrasive grains dispersed in a resin,
characterized in that the main chain of the resin is a polyester containing
at least 60 nol-g aromatic dicarboxylic acid in the whole carboxylic acid
conponent prangn tie Hide CoakA Pfs thadRsd N and 8 ROl ¥#Bke Aot adigaRlive
pol ynmeri zabl e nononers contai ni ng hydrophilic tfunctional groups. 31. A
pol i shi ng 1.$.09 L.shi I r I abrasiyve grai i spersed
in a resiﬁ?qghggggﬁg?$§e8§iﬁgbhgtb?%ge%égﬁ %%é?%géf%fﬁeh%és?ﬁgkgﬁﬁglyester
pol yur et han e ol vester. containing,at_| 6 | -~ _ar tic
?e%wggg Ha%??ﬁggwﬁ%ftéé%t Trs %”Q mg? was ce gﬂ%ﬁ?qﬂﬁegg?de

di carboxyl'rc acid i e carboxyli'c acid component, an

chai n of e resinis ol ynmer__of, radj cal Lymeri . | e .nonamer.s

cont ai ni GRS P EREE AR st B 4R ho Bl S aFRaR S5 Lony
pol i shi ng _pad accordi o any, of clains 28 to 31, characterized {n_that
Phe. spec HHE Greiads ShRet e Lopred S R XEHa PSerr hg oLipae/ ME T L ho
range of 1.05 to 1.35, and the glass transition tenRerature of the resinis
10C or nDPéhYC}S?‘e’FHEep&H%m%d”eﬂﬁltdcéé’tddirﬁﬁbﬁg Whhot RY L Eh 132,
characterized in that the resin formng the polishing layer is a m xture of
a resin h&hen§odvgrassot Wassi even tagpansuses 29808 or Thereeanltandesin
having a glass transition tenperature of 30C or less . 34. The polishing
pad accor gengetro carshicin shee hwag@iniedd® an oanadt €9 iz exhd hhekabotsisedaver age
particle diameter of the abrasive grains is 5 to 1000 nm 35. The polishing
pad accor durdaice aay cliredaibys 128adda34 oncwarthcU&r iragd.in that the abrasive
grains are nmade of at | east one nenber selected fromthe group consisting
of silicon oxi déy cemowuingxihdePEZ| sl etuionokhedyackisictEni aampliede; 2 fwarsr i C

oxi de, chrone oxide and dianond. 36. The polishing pad according to any of
cl ains 28 obtal3bedcharnet eohzaedei of t Bampleecepnivent 006 alr 4si depghai ns i n
the polishing layer is 20 to 95~ by weight. 37. The polishing pad according
to any of Glagipr® 283H0 36, characterized in that the polishing |ayer has
voids. 38 . The polishing pad according to claim37 , characterized in that
the average di agetgmmekctiBe ¥ehdsves ¥Apir@cl@UsMith 189er, suBa400

(Rodel) was used as sample 6-3.

The characteristic values of the samples are shown below.

[Table 6-1]
(Shore A) [ Compressibility | Compression recovery
(%) (%)
Sample 6-1 |17 20.4 92.9
Sample 6-2 |18 26.8 90.2
Sample 6-3 |52 8.0 88.0

Each sample was laminated with a commercial polyurethane
polishing pad IC-1000 (Rodel) and evaluated for polishing
characteristics by the evaluation method C. The results are

shown below.
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F- P03019TB(SG 39. The polishing pad according to any of clainms 28 to 38,
wherein the polishing layer is formed on a polynmer substrate. 40 . The
pol i shing pad according to claim39 , characterized in thghsbh @@kxner
substrate is a polyester sheet, an acryl sheet, an ABS resin s a

pol ycar bonate sheet or a vinyl chloride resin sheet. 41 . The polishing pad
according to claim39 , characterized in that the polynmer substrate is a
pol yester sheet. 42. The polishing pad according to any of clainms 28 to 41,
characterized in that the thickness of the polishing layer is 10 to 500
~trn. 43. The polishing pad according to any of claims 39 to 42,

characteri %gg Lheth it t he pol yner substrate having the polishing | ayer

f or med th reon is constituted so as to be lam nated with a cushion |ayer of
softer material than that of the |pidlsivmgPodyehindd . |Tiel fotnisty ng pad
according to claim43 , character|iZzggs n thattet N /@ishi othd ayterfdse 6Q or

l ess in gkgﬁpqg esger C har dness Saﬁgje'ThQ9Qollsh|ng pap;pccordlng t|o
claim 43 g%aﬁﬁiecgaﬁaCIer|zea in tggg féuall%@lnateu cusiyon 1ayer is|a

pol yest er i [ JUopet C ESUEhoT ber—mon
inpregnabgg—ééﬁﬁ—%eﬁyueé@hzﬁlk.eaﬁi, 3]{,u.,"L.O‘QL.”‘.W.C rest—foam—or—a
pol yet hyl ene resin foam 46. The polishing pad according to any of clains
43 to 45, characterized in that the thickness of the polishing | ayer 196

F- PO3019TR(3E)] k3uz2Q-tikBet pod iBREnd/padite polishing pad according to any
of claims 39 to 46, characterized in that the adhesion strength between the
pol i shing | ayergapfpths oMWé@IuﬁﬂPsff%ﬁollisﬁQn?rparHHﬁthﬂstl@.ﬁr@&tQBnt he
nunber of remaining regions in a crosscut test 8. The polishing pad
accordi ng t-@ ar%-efipekai nms 43 to 47 , characterized in that the polyner
substrate and the cushion Iayer are stuck via an adhesive or a

doubl e-t acked t i 43 to
48, characterlzgg%ﬁﬁ t at t 9%&3% 82??@%%?%ggg?ﬁggﬁﬁ?%ég%gﬁ§%ggs

substr at e gudcphey Ufngo AR U lsn” Ra0L0-0L ak 1635 1800 aLgmdn a 180

peel i ng test accor |ng 0 any of cIa
characterized,in that n aye s, f ragves. 51 . The
pol i shi ng Sgdb3088?§ QﬁSBglgfﬁ#%g?i%% %%%%%??%%% |n1¥%at Eﬁ%“& o%ves are
latticed. .52. The in according to claim50 or 51, racterlzed
i n that tﬁénafaao%%pﬁwﬁﬂﬁog Rod EAaled e lid REvEhg%as MR

added to the main chain thereof. Insofar as the ionic groups

are contained in the resin, they may be present in either the
main chain or side chains.

The ionic groups possessed by the resin include anionic
groups such as carboxyl group, sulfonate group, sulfate group,
phosphate group or salts thereof (hydrogen salt, metal salt,
ammoniumsalt) and/or cationic groups such asprimary to tertiary
amine groups. Among these ionic groups, a carboxyl group,
ammonium carboxylate group, sulfonate group, alkall metal
sulfonate etc. can be preferably used.

Preferable examples of the resin include polyester resin,

polyurethane resin, acryl resin, polyester polyurethane resin
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53. The polishing pad according to any of clainms 50 to 52, characterized in
that the grooves are in the shape of concentric circles. 54. The polishing
pad according to any of claims 50 to 53, characterized ipppBeiot@aiepth of
the grooves is 300 ~mor nore. 197 .A As. A .Au9. A L. A
9. Aa9. Aa& Au&. ANL. Aa9. Aus. ACL. As. A; . A
L. An" . A} 9. A& A}. A& Aa9. Aa' . An" . A}s. A . A} . Aas. A" . Axs. ANL. Axs. Ax . AL. Aa. ANs.
A& A . Aa . Au. A". A" . Aas. As. Aus. Aus. Aa . AaL. AaL. Aas. Aus. Aus. Au . ANs. A" . A ANL.
AN . Aas. ANBcAS gihor et ANS:ifS A0ty e Ao fin 205 e AL AR A7 A AdL. Ad
L. Aa . Aas. Aas. A] . Ass. Axs. Aas. ANL. .Aa" . An . An . An
.Anl * . AL. AN - A+ DB T ¥ v 3iAS. . Aa. b . Aas. Aa9
B - YR S g 5 o A A o MERVA
alL. Au9. Au : u9. A’ . Aa9. Au9. A9. Aa . AaL. A 9. Aa&. Au9. A& Anh/ . ANL
A 9. AX. Agﬁﬁgﬁ %P%&%BéAa& As9. A A9. AdL. As. Al . A" . A L. AaL. A . As. Aa" . AuL
0, A .
S e ha8 008, 080 ANl A9, 0 P20 10606k b o eypican
| M~/ RSn-| 3w6s?v| c"Y]cal ca] ca] ca] ca] ca] ca] cal ca] ca] cal] calcalc ajJ cal ca
] ca] ca] caféﬁT‘Eéfcc\%r gg]ec%%%h'} g‘fh‘é& & ?&li]%%‘i'ﬁdai &kaﬂ?) Ja,nJﬁe ggﬁﬁkaslﬁgu
}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] cafBaY€a] ca] ca] ca] ca] ca] ca! G . 2uGbw
ML6Ex} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] 6BPé¥peaPEaFea]LrA] ca] ca] ca] cal 1n(g78Y~J~AL] Wxsni d_Z]]ca] ca] ca] ca] ¢
aJ ca] ca] ca] ca] ca ca]ca]ca]ca]ca]pa]ga]caLca]ca]ca]ga]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca!l Wabt 3ggrgp{18e_st§rvre51n is” obtained basically by
}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caLca]ca]ca]ca]ca{ca]ca]ca]ca]ca
] ca] ca] capeaycapdapearéapcapedyvalent carboxylic acid with a polyvalent
3ttt A #e$$SS+% WB00-&) &&&' B' "' (Y(((}xsnid_Z]]ca]calca]ca]lcalcalc
a] ca] ca] callcahodl]. ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
alcal ((()Y)))))))*>*{**** 2 ~  -Rk---.~.../D/}xsnid_Z]]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] caleahtga] caheapoajcalentcabchpralia] eajdajvalodgsa] cal ca] calca
]calca!///000Q0001WLb1111&2g2r 222- 3i 333&4h444
5_5d5s55} wseedbdklcakcakéakcahaabhealicahtgtiealiea) cakeapca] celhea] ca] cal cal ca]
ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca! 5516E6667=7G7/777=8}899: <: x::::;
=>?¢ @ O CERA:HAky3Ach A d < ahealaal, cad £ akaapaal, cajed €2 eakeabealeakcal cal ¢
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! AABVBBBC6Ci CCC! D_DDDDETEE
EFFFVFY FFECGaSEad i xapbgnhhealcrlicr] cadwadical f@laé%?%]r%ﬁb?ﬂ]tﬁ@h@.@] ca] ca]
caj] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]lca]ca! HHH'I KI'I 1 JHI{JJJ- KnKK
KKL acid, 1,5-napthathalic acid and biphenyl dicarboxylic acid.
L"L6LnLAN[NNN$NCNNNN28VCI}xsn|d_Z]]ca]ca]cafca]ca]ca]ca]ca ca] ca]ca]ca]ca]c

%;ﬁ}}s\c a] calgal £ahsal 6ol cal sal.aal cakeake al cal&pbsalkeakealcah GIOaRSBRRPT VbVg

L)L s e g e o e o sk s
cal cal Ca O8] GFCRP AT SAF AT edF - AT o8 EATEerEarcal a7 i) E8t A ER E2t Ao

nnnn;

oy000dpppPEFGIPLVIHEFsPEELE s (FETPOTE 1219 25T th E8PRE AT €41 %5T @&fca] cal ¢
al cal cal ca) eql cal qal calgalralgal eal salgal et sal s oAl Gl Sl E At T
I z#z777227){] xsnid Z]]ca]ca] ca] cal cal] ca] ca]cal cal.calcal ca] gal] ca]ca]ca
Yo o] CaTOATBapEafoas T i) AP apEat cad i of CITIHAY 139 P e
d) h' TK} xsni d_Z]]ca] ca]ca Qa]ca]ca]ca]ca]ca]caLca]ca]ca]ca,ca]ca]calca]ca]ca
] ca] ca] ca] caJ ca é&]aéépéa]lleg] 2a} e8| TG tigsEhe aromatic dicarboxylic
HXVCdC} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] capedPea]ncaluds ehlrka ehg daFesPesy EicarigE A VR srRECPLBAF @& Ea] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU
] ca] ca] calBApNRRH- g xane ba I peafe gedajcds]acane dpeareapddiceapeavddicca) cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal Ca@bs0nzz*>} xsnid_Z]]c
a] ca] ca] cajcdal,cafad & ldaddycd]icatic aprhpe il ¢ a] ax] dnpoughcasd dajicalyedjod@x@aleca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca! >v, oAR@c3j V} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c?%%a]ca]ca]ca]ca]ca]ca]ca]ca]ca!VVemWM
@c
E} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! E4oDT. mIGQUK] } xsni d_Z] ] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
cal ca! *f"N_oB=wlq) h) o} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca



"AY}xsnid_ZU U ]]ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]calca]lca]ca)lcalcalcalc
al calca]calcalcalcalcalcalcalcalcajcaljcalY Y b }

/ kq9u3gHR<L} xsni d_ZU] U] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c;ab@gbef‘g—hg@@)a] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ?ET8SMCB2M

\}xsnid_ZU U] ]]ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
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carboxylic acids and/or polyvalent alcohols having ionic groups
not reacting with carboxyl groups or hydroxyl groups in
polycondensation of the polyester. Such components include,
for example, polyvalent carboxylic acids containing sulfonate
groups, such as sulfoterephthalicacid, 5-sulfoisophthalicacid,
4-sulfophthalic acid, 4-sulfonaphthalene-2,7-dicarboxylic
acid and 5[4-sulfophenoxy]isophthalic acid, as well as metal
salts thereof. Monocarboxylic acids containing sulfonate

groups, such as sulfobenzoic acid and metal salts thereof can
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ionic group. As the radical polymerizable monomer, the
exemplified monomers having ionic groups can be used without
limitation. Theradical polymerizable monomers arenot limited
to those having ionic groups, and these monomers can be used
in combination with those not having any ionic group. The ratio
of the main chain to side chain in the polyester resin is not
particularly limited, but preferably the main chain/side chain
is in the range of 40/60 to 95/5 by weight.

Alternatively, the polyester resin having ionic groups
in the above range can be prepared by regulating carboxyl groups
remaining at the terminals of the polyester resin. For example,
the polyester resin having ionic groups in the above range can
be prepared by introducing a larger number of carboxyl groups

to the terminals of the resin by adding a trivalent or more
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The resins having ionic groups in this invention may be

used alone or in combination thereof if necessary. Further,
theresininthis inventioncanbeusedinamolten formor solution
form in combination with a resin serving as a curing agent. For
example, the polyester resin canbemixedwith amino resin, epoxy
resin, isocyanate compoundetc. andcan alsobe reactedpartially
therewith.

(Method of preparing an aqueous dispersion)

The resin having ionic groups in this invention has ionic
groups in the range of 20 to 1000 eqg/ton, and is thus made
water-dispersible to form a microscopic aqueous dispersion by
self-emulsification. The ionic groups are required to make the
resin soluble and water~dispersible. The particle diameter of
such microscopic dispersion is preferably about 0.01 to 1 pm.

A specific method of self-emulsification in the case of

a resin (polyester resin) having a carboxyl group, sulfonate
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A specific method of self-emulsification in the case of

a resin (polyester resin) having anionic groups such as
carboxylic group, sulfonate group, sulfate group and phosphate
group (metal salt, ammonium salt) or cationic groups such as
primary to tertiary amine groups as the ionic groups comprises,
for example, the steps of (l) dissolving the resin in a
water-soluble organic compound, (2) adding water, and (3)
removing the water-soluble organic compound by azeotropic
distillation or dialysis. For self-emulsification, an
emulsifier and a surfactant can also be simultaneously used.

As the water-soluble organic compound, water—soluble
solvents of relatively low boiling point such as methanol,
ethanol, propanol, butanol, acetone, methyl ethyl ketone,
tetrahydrofuran, dioxane, butyl cellosolve, and ethyl
cellosolve can be preferably used.

The cation source used for neutralization includes alkali
metal hydroxides, alkali metal carbonates, alkali metal
bicarbonates, ammonia, amines such as triethylamine,

monoethanolamine, diethanolamine, triethanolamine,

112



91 10% u& ()- S9! 10% u& ()-]1] 8"z~ "+ dEj @ 10T! F

10% u& ()-10% u& ()-'!110% u& ()-'!10% u& ()-& 10% u& ()-F

10% u& ()-+ 1 __ $ Cvdg_@10T'Y 3+ F-P03019TB(SG)
10% u& ()-)10% u& ()-''110% u& ()-9% 10% u& ()-# ! 10% u& () -

"110% u& ()-v ' a@{aadE @10T!17:110% u& ()-f5 10% u& ()-Y

L310% u& ()-F110% u& ()- @' 10% u& ()-9-'!10% u& ()-aaaaaa bbdb@ 10T!!'s
M 10% u- u& () -2ZM 10% u& () - Z! 910% u& ()- 10-u 10-u

10- u” <10%;¥&ethy ek hB¥oW&ni hadBdf £9099dt hgho1 4RTnd0-u 10-u 10-u<
10% u& ()-,5 1'10% u& ()-I's &10%c& ()-S&10% "& ()-8

NI10%UU&f&bngﬂgﬂhgﬁQREQE?H:léQIne, mo oethyldletha olamine
10-110% u& -1 & 10% u& -L&! 10% u& ? -F:110% ué& )--&10%&' ()-1&10% u& ()

-j j kGkkkk 9 J& ()=$.110% u& ()-"!10% u&

|| SISt ORI SPAYE Lt O v u -
oot (S A QS O et ONSNE, (g LABE CiCaltge o O
10- u, &<10% ué& % 9:110% u&' - 7' 110% u&'% nGnnn odEbC 1QT

108! 10% u&S¢) £ o%ﬁfépg?l&@l b 1Re Y Y reshy, r(*)“é a&&‘ (C)baﬂn is a

1 10% u& () - yooodpppqdEbC, 10T 10F #10% u& ()-. S 10% u& () -

10% U& )pai@f%'S&e(-‘) CenipdpiRg (3t 1128%% §9 Hm%qc%qra\rroma&asrcdm#rhzersyllc

@ 10% u&' ()-9-10% u& (C) 3+ 110% u& ()-)!110% u& ()-'"'110% u& ()-%!10% u& ()
-trrrsPss3§$dELR tbey PH24L cepPRRYLL Y- sg9idurqrperent, or polyester

| 710% u& () -f510% u& ()-Y " 310% u& ()-Y110% u& ()-sssst<t~ttxY./ 10-uF
10% u& () PodyBEeshane) CoMRIBsE 0 the PRUY®E Rr (3s 3 major constituent

component, and the side chain is a polymer of radical
polymerizable monomers containing hydrophilic functional
groups.

With respect to the conditions of the side chain, the side
chain is preferably a polymer of radical polymerizable monomers
satisfying the following requirements (1) to (2).

That 1s, the side chain is;

(1) Inthepolymerof radical polymerizablemonomers constituting
the side chain, electron accepting monomers wherein the e value
in the Q-e value is 0.9 or more and electron donating monomers
wherein the e value is -0.6 or less account for at least 50 weight
% of the whole radical polymerizable monomers.

(2) Inthepolymer of radical polymerizablemonomers constituting
the side chain, aromatic radical polymerizable monomers account
for at least 10 weight % of the whole radical polymerizable
monomers.

The radical polymerizable monomers used in the side chain

113



10% u& ()-!&10% u& ()- 10-utt 7uuuuudE:/ 10-ugl0% u& ()-!10% u& () -
10% u& ()-1&10% u& ()-f!'10% u& ()- L 10% u& ()-u7vtvvvv-wdE: /
10-u(!10% u&' ()-F &10% u&' ()-$10% u& ()-"& 10% u& () - &1;9_%@&1@-3{)
1'10% u& () --W' xI xxxxxxxdE:/ 10-u 10-u<10% u& ()-99!10% u& ()- 710%
510% u&' ()-3"'10% u& ()-*:110% u& ()-xx ylyyyz#zxY:/

10- uYS10% u& () - @' 10% u& ()-9& 10% u& () -

110% u& ()-& 10% u& ()-!910% u& ()- 10-u#zZzzzz){i{dE / 10-u& 10% u& ()-3

18%; l(Jg (2)5% %g%hkéoé)ed' ﬁé%g%(ué%( }aEl%céQ‘V?H@yﬁ\)erlzaﬂaQ Hénﬁa)ne!ré{{;ﬁhéhl | dE:/

i‘i?{%/fﬁ‘;-“fh%%‘?%f%{%w%%“%H%@?Eé At 4. ~<}8{&€£%ghe%fln
1048 10%ME L) Egg‘ygﬂg%g 1%1;9[1%](%? gggoqoo%edwo{; OB LIL A AN

10% u&' ()-10% u&' 11 & ()5 & 10% ug ocy h' TdEbC 10- u3
Tooe ug () PFoREE (HESHaTRR G (30 BE1097 ke TR ATRETEAL ST & TDRFLEOES KiEbo
10- UF & 10%u& éé

+110% u& B MeBOMEES (Yhereipokd ¢ )vatua doi ud - (6 o1 1665usPEFLSEARERC 10- uY
$910% u& () - Y710% u&' () S5'110% u& Q} Y L310% u& ()-F1zZ

10% u& () =9+ 96%8&6()@23489‘:6@6{6 Y1098 PF- ¥ess.

10%& ()- @ 10%& ()-! 10%& ()- 10-u 10-u 10-uL< 10% ué& ( ()W HdEbC 10-u
109%& ()-F 10%& Lpreeovprup) egvadupeinyliratesopiat) thef pod@wrer) bXYdELC

10- uF $10%& ()-"10%& ()-3  10%& ()-nmlo%e& ()-'!10%& ()-z
10%8&' () - veddEBLy electron donating substituent groups, and thus

& ()-F

electrons not participating in bonding, present in unsaturated
bonding regions, occur in excess thus indicating that the double
bonds and radicals formed therefrom are negatively polarized.
On the other hand, a large plus number indicates that the polymer
has strongly electron withdrawing substituents, and thus
electrons not participating in bonding, present in unsaturated
bonding regions, are deficient thus indicating that the double
bonds and radicals formed therefrom are positively polarized.
When a radical polymerizable monomer having anelectron donating
substituent group, that is, a monomer having a large minus e
value is combined with a radical polymerizable monomer having
an electron withdrawing substituent group, that is, a monomer
having a large plus e value, that is, whenmonomers in an opposite
electron state are combined in copolymerizing radical
polymerizable monomers, monomers whose radicals formed during
polymerizationareeasily added to one another are thosemonomers

having an e value of opposite polarity, and this tendency is
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| 10% u& @Gratbhd a&id)oet 0% Iu&ompa/diSYNEvifigua hydroxyl group or a
carboxyl group, suchasglycerinmonoallyl ether, and theevalues
of these compounds are as positively very large as 1.0 to 3.0
in the case of fumaric acid and itaconic acid (or 1.0 to 2.0
in the case of diester) because of the presence of an electron
withdrawing carboxyl group as the substituent group in an
unsaturated bonding region, and thus its unsaturated bond is
positively polarized, while the e values of allyl compounds are
asnegativelyvery largeas-1.0to-2.0becauseofallyl resonance,
and thus their unsaturated bond is negatively polarized. When
graft reaction is carried out, radical polymerizable monomers
highly copolymerizable (that is, those having an e value of
oppositepolaritywithagreatdifference) withunsaturatedbonds
in a resin to be modified can be used to preventing

homopolymerization of the monomers, thus allowing them to react

with the resin to be modified. That is, the modified resin
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e value, thus improving the graft efficiency in this case too,
and in both the cases, the amount of a homopolymer of radical
polymerizable monomers not reacting with the resin modified can
be reduced. This invention is also characterized in that
gelation can be inhibited by the ratio of the monomer having
an e value of 0.9 or more to the monomer having an e value of
-0.6 or less. In conventional modification of an unsaturated
bond-containing resin with radical polymerizable monomers,
sufficient graft reaction does not occur when the amount of the
unsaturated bonds in the resin to be modified is low, and a
homopolymer of the radical polymerizable monomers is formed,
while when the amount of unsaturated bonds is high, gelation
occurs due to coupling between graft chains, and the range of
the amount of unsaturated bonds which can be actually used in
the resin to be modified is very narrow, but in this invention,

gelation can be inhibited by the ratio of the monomer having

an e value of 0.9 or more to the monomer having an e value of

1l1le



10-u 10-u 10- uL<10% u& ()-Kj *f}A?bC 10F ! 10% u& ()-10% u& ()-!Q

S 110% u-u& ()-:110% & ()-1i&10%&: ()- & 10% u& ()-f" NA?bC

10@ & 10% & () -1 QB+ 1 10%-u~u& ()-3+ 110% & ()-1L"" | 10% F-BE30)9PREB)u&’ () - #
"110% u& () - 0aVK@ 10 10-u 10-u 10- uL<10% u& ()-F

5910% u& ()-710% u& ()-L3:!110% u& ()-'d @& 10%u& ()- BIEVK@ 10 10@

10%& () - & 10%& () - S& 10%& () - |

& 10%& ()- S 10%& ()-!  10We& () - =wlqdEVK@ 10

10° | 10%8&-0) 6 &b 20%085 (veh 10%0Eheé ) ambUAYDEE (hndAYIRL (2 bANBEI §) - q) hdEVK@
10 10)" 1 10%& ()-' ' ! 10%& () - %

10%&' () - #bA0YR&r6D1Y hiGAD& 1n) thk0 Y& )of) atcdm¥K@t@on of monomers

10f 5@ 0%& () - &3&109B&' ()- Fi& 10%& ()- @ ! 10%& () - & : ! 10%& () -

1 10%& (hayrR@PRRELE diddPadI&s(dns a%oleQe(VQbJﬁ?_é) @R B &b sk kRO UE () -
10b 10b 10b" <10%& ()-.n dEbC 10 1'!10% u&

10% ug& () OLUEC) 15 110% u& ()-1:110% ug () 3 S10% u& ()- Ef9dEbC 10 1F
$"10% c& ()-"10% U& ()- 1110% u& () -F

L0904 ) 100 U0 A AYIL) S8y 00 AN Ok £ 5

1110% u& ﬂ\lit&géuo%orgdlgaﬁf&é %914%9%28%15 R348 & (hiEA10HEa(haFa
combinationocf radicalpolymerizablemonomers whereintheevalue
in the Q-e value in radical copolymerization is 0.9 or more and
monomers wherein the e value is -0.6 or less, and the components
inthesidechainincludearomaticradical polymerizablemonomers.
The present inventors extensively studied a cause for
deterioration invarious physical propertiesparticularly water
resistance etc, by modification, and as a result, they found
that when the resin to be modified is an aromatic polyester or
polyester polyurethane (referred to hereinafter as base resin)
changes its physical properties, depending on the composition
of the side chains, andthat particularlywhenanaromaticradical
polymerizable monomer is used as one component in the side chains
to improve themiscibility of themain chainwith the side chains,
thedeteriorationinthephysical propertiescanbesignificantly
prevented. Whennone of aromatic radical polymerizable monomer
is used in the side chains, the resulting polymer is poor in
the miscibility of the main chain with the side chains, to cause
a significant deterioration in the physical properties

particularly a deterioration in elongation of its coating.
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0f 0.5to 20 mol-% based on the whole dicarboxylic acid component
or the whole glycol component. The amount of aliphatic or
alicyclic dicarboxylic acids is 0 to 40 mol-%. The aromatic
dicarboxylicacids include terephthalic acid, isophthalic acid,
orthophthalic acid, naphthalene dicarboxylic acid and biphenyl
dicarboxylic acid.

The aliphatic dicarboxylic acids include succinic acid,
adipic acid, azelaic acid, sebacic acid, dodecanedione acid and
dimer acid, and the alicyclic dicarboxylic acids include
1l,4-cyclohexane dicarboxylic acid, 1,3-cyclohexane
dicarboxylic acid, 1,2-cyclohexane dicarboxylic acid and acid
anhydrides thereof.

The dicarboxylic acid having a polymerizable unsaturated
double bond includes o,B-unsaturated dicarboxylic acids such
as fumaric acid, maleic acid, maleic anhydride, itaconic acid
and citraconic acid, and the alicyclic dicarboxylic acid having
apolymerizable unsaturateddouble bond includes 2, 5-norbornene
dicarboxylic anhydride and tetrahydrophthalic anhydride. The

most preferable among these acids are fumaric acid, maleic acid,
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2~ethyl-2-butyl propane diol, hydroxy pivalic acid neopentyl
glycol ester, dimethylol heptane etc., and the C¢-12 alicyclic
glycol includes 1,4-cyclohexane dimethanol, tricyclodecane
dimethylol etc.

The ether linkage—-containing glycol includes diethylene
glycol, triethylene glycol, dipropylene glycol, and a glycol
obtained by adding one mole or a few moles of ethylene oxide
or propylene oxide to two phenolic hydroxyl groups of bisphenols,
for example, 2,2-bis(4-hydroxyethoxyphenyl)propane.
Polyethylene glycol, polypropylene glycol and
polytetramethylene glycol can also be used if necessary.

When a dicarboxylic acid having a polymerizable
unsaturated double bond are used as the dicarboxylic acid
component in an amount of 0.5 to 20 mol-% based on the whole

acid component, the polyester resin used in this invention
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areinferiorinhydrolysisresistancetoaromaticester linkages,
there arise troubles such as a reduction in the degree of
polymerization of the polyester during storage.

The amount of the dicarboxylic acid having a polymerizable
unsaturated double bond is 0.5 to 20 mol-%, preferably 1 to 12
mol-%, more preferably 1 to 9 mol-%. When the amount of the
dicarboxylic acid having an unsaturated double bond is less than
0.5 mol-%, the effective grafting of the acryl monomer
composition onto the polyester resin is not feasible, and
homopolymers consisting exclusively of the radical
polymerizable monomer composition are mainly formed, and the
desired modified resin cannot be obtained.

When the amount of the dicarboxylic acid having a
polymerizable unsaturated double bond is higher than 20 mol-%,

physical properties are significantly deteriorated, and at the
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mol-% relative to the whole glycol component, desirably 1 to
12 mol-%, more desirably 1 to 9 mol-%. When the total amount
of the glycol and dicarboxylic acid containing a polymerizable
unsaturated double bond is less than 0.5 mol-%, the effective
grafting of the radical polymerizable monomer composition onto
the polyester resin is not feasible, and homopolymers consisting
exclusively of the radical polymerizable monomer composition
are mainly formed, and the desired modified resin cannot be
obtained.

For introducing polymerizable unsaturated bonds into the
polyester, the dicarboxylic acid and/or the glycoel is used, and
the total amount of the glycol and dicarboxylic acid containing
a polymerizable unsaturated double bond is up to 20 mol-%, and
when the amount is higher than 20 mol-%, physical properties
are significantly deteriorated, and at the latter stage of graft
reaction, the viscosity of the reaction solution is undesirably

increased todisturb stirringwith a stirrer, to prevent uniform
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trifunctional or more polyol includes glycerin, trimethylol
ethane, trimethylol propane, pentaerythritol etc. The
trifunctional or more polycarboxylic acid and/or polyol is
copolymerized in the range of 0 to 5 mol-%, preferably 0.5 to
3mol-%, basedonthewholeacidcomponent orwholeglycol monomer,
and given an amount more than 5mol-%, sufficient processability
cannot be given.
Theweight—-averagemolecularweight of thepolyesterresin
is in the range of 5000 to 100000, desirably in the range of
7000 to 70000, more desirably 10000 to 50000. When the
weight-averagemolecularweightis 5000 0r less, various physical
properties are deteriorated, while when the weight-average
molecular weight is 100000 or more, the viscosity is increased
during graft reaction to prevent uniform progress of the
reaction.
(Polyurethane resin)

The polyurethane resin in this invention is composed of
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glycol component. The polyester polyol used in this invention,
similar to the polyester resin, contains the aromatic
dicarboxylic acid component in an amount of 60 mol-% or more,
preferably 70 mol-% or more.

The aliphatic polyester polyol used widely in general
polyurethane resin, for example polyurethane resin using
ethylene glycol and neopentyl glycol adipate, is very poor in
water resistance. For example, the retention of reduced
viscosity thereof after immersion in hot water at 70°C for 20
days is as low as 20 to 30%, while the retention of reduced
viscosity of resin comprising glycol terephthalate and
isophthalate as polyester polyol is as high as 80 to 90% under
the same conditions. Accordingly, use of polyester polyol based
on aromatic dicarboxylic acid is necessary for higher water

resistance of a coating. Further, polyether polyol,
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2,4-naphthalene diisocyanate, 3,3’-dimethyl-4,4'-biphenylene
diisocyanate, 4,4‘-diisocyanate diphenyl ether and
1,5-naphthalene diisocyanate.

The chain extender having an active hydrogen group (c)
which is used if necessary includes, for example, glycols such
as ethylene glycol, propylene glycol, neopentyl glycol,
2,2-diethyl-1,3-propane diol, diethylene glycol, spiroglycol
andpolyethyleneglycol, andamines suchas hexamethylenediamine,
propylene diamine and hexamethylene diamine.

The polyurethane resin should be (polyurethane resin)
obtained by reacting the polyester polyol (a), the organic
diisocyanate (b) and if necessary the chain extender having an
active hydrogen group (c) in such a compounding ratio that the

active hydrogen group in (a)+(c)/the isocyanate group is in the
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and esters such as ethyl acetate andbutyl acetate. Thecatalyst

used for promoting the reaction is an amine, an organic tin
compound or the like.

The polyurethane resin used in this invention preferably
contains about 1.5 to 30, preferably 2 to 20, more preferably
3 to 15 polymerizable double bonds per urethane chain in order
to improve the efficiency of the graft reaction of radical
polymerizable monomers.

For introduction of the polymerizable double bonds, there
are the following 3 methods.

1) Unsaturated dicarboxylic acids such as fumaric acid, itaconic
acid and norbornene dicarboxylic acid are contained in the
polyester polyol.

2) Glycols containing an allyl ether group are contained in the

polyester polyol.
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According to a conventional theory on formation of graft
or block polymers, the number of polymerizable double bonds per
main chain shall be one per main chain or per terminal. Inprior
patents, a very narrow range of nearly 1 is actually claimed.
In methods of these prior patents, the number of polymerizable
double bonds introduced into the main chain is integrated in
fact with statistical distribution, and thus the proportion of
chaincomponentswhereinthe number of polymerizabledoublebonds
per main chain is 0 is increased thereby reducing the graft

efficiency. The suitable range is so narrow that an increase

in the amount of double bonds causes gelation. On the other
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difference in the Q value, the monomer is interpreted as useful
in the copolymerization reaction, and the value is given in for
example Polymer Handbook, 3rd ed. John Wiley and Sons.

The radical polymerizable monomer wherein the e value in
the Q-evalueis 0.%ormore, which shouldbeusedinthis invention,
is a monomer having an electrophilic substituent group in its
unsaturated bond region, and use is made of a mixture of one
or more members selected from fumaric acid, fumaric acid
monoesters and diesters such as monoethyl fumarate, diethyl
fumarate and dibutyl fumarate, maleic acid and an anhydride
thereof, maleic acid monoesters and diesters such as monoethyl
maleate, diethyl maleate and dibutyl maleate, itaconic acid,
itaconic acid monoesters and diesters, maleimide such as phenyl
maleimide, and acrylonitrile, most preferably maleic anhydride

and esters thereof and fumaric acid and esters thereof.
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polymerizablemonomers suchasallylalcohol, glycerinmonoallyl
ether, pentaerythritol monocallyl ether and trimethylol propane
monoallyl ether, and butadiene, most preferably vinyl radical
polymerizable monomers such as styrene.

In this invention, a combination of the radical
polymerizable monomer wherein the e value is 0.9 or more and
the radical polymerizable monomer wherein the e value is -0.6
or less is essential, and the combination accounts for 50 weight
% or more, more preferably 60 weight % or more, of the whole
radical polymerizable monomers. Basedon the unsaturatedbonds
contained inthe resintobemodified, the highly copolymerizable
radical polymerizable monomer (that is, the monomer having a
large difference from the e value of the unsaturated bonds in
the resin to be modified) is contained in an amount of 20 weight
% or more in the whole radical polymerizable monomers, while

the poorly copolymerizable radical polymerizable monomer (that
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include radical polymerizable monomers wherein the e value is

-0.6 to 0.9. For example, one or more moncmers selected from
monomers each having one radical polymerizable double bond, that
is, acrylic acid, methacrylic acid and esters thereof such as
ethyl acrylate and methyl methacrylate, nitrogen—-containing
radical polymerizable monomers such as acrylamide and
metahcrylonitrile can be used. The Tg of the side chain and
miscibilitywith themainchainare thus regulated, andarbitrary
functional groups can be introduced.

Further, the aromatic radical polymerizable monomers
essential for the side chain components include radical
polymerizable monomers having an aromatic ring, and styrene and
styrene derivatives such as 0—methyl styrene and chloromethyl
styrene, reaction products of 2-hydroxyethyl acrylate (HEA) and

2-hydroxyethyl methacrylate (HEMA), such as phenoxyethyl
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more, most preferably 30 weight % or more, based on the whole

radical polymerizable monomers.

(Graft reaction)

The graft polymer in this invention is obtained by graft
polymerization of radical polymerizable monomers with
polymerizable unsaturated double bonds in the base resin. The
graft polymerization reaction in this invention is carried out
by reacting a radical initiator with a mixture of radical
polymerizable monomers inasolutionof thebaseresincontaining
polymerizable double bonds in an organic solvent. After the
graftreactionis finished, thereactionproductconsistsusually
of the non-grafted base resin, the base resin, and non—grafted
homopolymers in addition to the graft polymer. Generally, when
the proportion of the graft polymer in the reaction product is

low while the proportion of the non—-grafted base and non-grafted

homopolymers is high, the effect of modification is low, and
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double bonds in thebase resinis first added, and then the radical
polymerizable monomer having a large difference from the e value
of the polymerizable double bonds in the base resin, and an
initiator, are added dropped thereto for a predeterminedperiod,
followed by heating the mixture to allow the reaction to proceed
under stirring for a predetermined time.

Prior to the reaction, the base resin and the solvent are
introduced into a reactor, and the resin is dissolved by heating
under stirring. The base resin/solvent ratio by weight is
desirably in the range of 70/30 to 30/70. In this case, the
welght ratio is regulated in such a weight ratio as to enable

uniform reaction in the polymerization step, in consideration
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performance of the base resin described above, that is, high
processability, excellent water resistance and adhesion to

various base materials cannot be sufficiently exhibited. A
weight ratio of the base resin which is not less than 99%9% by
weight is not preferable because the ratio of the non-grafted
baseresininpolyester orpolyester polyurethane resin is nearly
100%, and the effect of modification is low.

The weight-average molecular weight of the graft chain
moiety in this invention is 1000 to 100000. In the case of graft
polymerization by radical reaction, it is not preferable that
the weight-average molecular weight of the graft chain moiety
is 1000 or less because the control of the molecular weight in
such a range is generally difficult, thus decreasing the graft
efficiency, to lead to poor addition of functional groups to
the base resin. When the weight-average molecular weight of

the graft chain moiety is 100000 or more, the viscosity is

increased significantly during the polymerization reaction, and
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the polymerization reaction cannot be carried out in the desired
homogeneous system. The control of the molecular weight
described above canbe carried out by the amount of the initiator,
dropping time of the monomer, polymerization time, reaction
solvent, monomer compositionor a suitable combinationof a chain
transfer agent and a polymerization inhibitor if necessary.
(Radical initiator)

As the radical polymerization initiator used in this
invention, well-known organic peroxides and organic azo
compounds can be utilized. That is, the organic peroxides
include, for example, benozyl peroxide and t-butyl peroxy
pivalate, and the organic azo compounds include
2,2'—-azobisisobutyronitrile,
2,2"'-azobis(2,4-dimethylvareronitrile) etc.

The radical initiator compound should be selected in
consideration of the radical-forming rate (i.e. half-1life) at
the reaction temperature of the compound. Generally, a radical
initiator whose half-life at that temperature is in the range
of 1 minute to 2 hours is desirably selected. The amount of
the radical initiator used for graft reaction is 0.2 % by weight
or more, preferably 0.5 % by weight or more, based on the radical
polymerizable monomers.

The chain transfer agent, for example octyl mercaptan,

dodecyl mercaptan or mercaptoethanol is used if necessary for

regulation of the length of graft chain. In such a case, the

133



& ()-))?Yu"n"10%! & ()-)}aE*n"10%"10%! & ()-)n"10%! & ()-)n"10%!
& ()-)n"10%! & ()-))?Yu"n"10%! & ()-)}aE*n"10%"10%! & ()-)n"10%!
& ()-)n"10%! & ()-)n"10%! & ()-))?Yu"n"10% ! & ()-)}aB-po30YotBEK%s)
& ()-)n"10%! & ()-)n"10%! & ()-)n"10%! & ()-))?Yu"n"10% !
& ()-)}aE*n"10%"10%! & ()-)n"10%! & ()-)n"10%! & ()-)n"10%!
& ()-))?Yu"n"10%! & ()-)}aE*n"10%"10% ! & ()-)n"10%! & ()-)n"10%!
& ()-)n"10%
chain transfer agent is added preferably in the range of 0 to
20% by weight based on the radical polymerizable monomers.
(Reaction solvent)

The reaction solvent includes a wide variety of solvents,
for example ketones such as methyl ethyl ketone, methyl isobutyl
ketone and cyclohexanone, aromatic hydrocarbons such as toluene
and xylene, and esters such as ethyl acetate and butyl acetate.
However, the selection of the reaction solvent used in the graft
reaction is very important. Desired requirements of the
reaction solvent include 1) solubility, 2) suitability as a
radical polymerization solvent, 3) boilingpoint of the solvent,
and 4) solubility of the solvent in water. With respect to 1),
it is important that the base resin is dissolved or suspended,
and branch moieties of the graft polymer composed of a mixture
of unsaturated monomers, and non-grafted homopolymers, are well
dissolved to the maximum degree. With respect to 2), it is
important that the solvent itself does not decompose the radical
initiator (induced decomposition), a combination of a specific
organic peroxide and a specific ketone solvent does not cause
reported explosion, and the reaction solvent for radical
polymerizationhas asuitably lowchain transfer constant. With
respect to 3), it is desired that because the radical addition
reaction of the radical polymerizable monomer is generally an

exothermic reaction, the reaction is carried out under reflux

conditions to keep the reaction temperature constant. With
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respect to 4), it is preferable from the viewpoint of industrial
application that for the purpose of introducing hydrophilic
functional groups through modification into the base resin
therebymakingthemodifiedresinwater-dispersible, the solvent
selected under the requirements 1) to 3) is preferably an organic
solvent capable of being mixed arbitrarily with water or highly
miscible with water, which however is not always an essential
requirement of the graft reaction itself. When the fourth
requirement is satisfied, an aqueous dispersion can be formed
by neutralizing, with a basic compound, the graft reaction
product containing the solvent under heating and then adding
water to it. More preferably, the organic solvent mixed
arbitrarily with water or highly miscible with water has a lower
boiling point than that of water. In this case, the organic
solvent canbe removedby simpledistillation fromthe thus formed
aqueous dispersion to the outside of the system.

The graft reaction solvent for carrying out this invention
may be either a single solvent or a mixed solvent. A solvent
having a boiling point higher than 250°C is not suitable because
it cannot be completely removed due to its too low evaporation
rate, even by high-temperature burning of a coating. Use of
a solvent having a boiling point lower than 50°C or less in graft
reaction is not preferable becauseaninitiatordissociated into

radicals at a temperature of 50°C or less, which makes handling

dangerous, should be used.
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For the purpose of dispersing the formed polyester or
polyester polyurethane resin in water, the reaction solvent
usable in the graft reaction includes solvents desired for
dissolving or dispersing the base resin and for dissolving a
mixture of radical polymerizable monomers and a polymer thereof
relativelywell, for example ketones such asmethyl ethyl ketone,
methyl isobutyl ketone and cyclohexanone, cyclic ethers such
as tetrahydrofuran and dioxane, glycol ethers such as propylene
glycol methyl ether, propylene glycol propyl ether, ethylene
glycol ethyl ether and ethylene glycol butyl ether, carbitols
such as methyl carbitol, ethyl carbitol and butyl carbitol,
glycols or glycol ether lower esters such as ethylene glycol
diacetate and ethylene glycol ethyl ether acetate, ketone
alcohols such as diacetone alcohol, and N-substituted amides
such as dimethyl formamide, dimethyl acetamide and N-methyl
pyrrolidone.

When the graft reaction is carried out in a single solvent,
one solvent can be selected from organic solvents dissolving
the base resinwell. When the reaction is carriedout in a mixed
solvent, the reaction is carried out in a plurality of solvents
selected from the above organic solvents only, or in a mixed
solventof at leastone solvent selected fromthe organic solvents
dissolving the base resin well and at least one organic solvent

selected from lower alcohols, lower carboxylic acids and lower

amines hardly dissolving the base resin, and in either case,
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the reaction can be carried out.
(Method of preparing the water-dispersible polyester or
polyester polyurethane resin)

The graft reaction product in this invention can be made
water—-dispersible by neutralizing, with a basic compound etc.,
hydrophilic functional groups introduced by graft reaction.
The ratio of the radical polymerizable monomers containing
hydrophilic functional groups to the radical polymerizable
monomers not containing hydrophilic functional groups in a
mixture of the radical polymerizable monomers is related to the
type of monomers selected and the weilght ratio of base resin/side
chain moiety subjected to graft reaction, but preferably the
acid value of the graft product is 200 to 4000 equivalent/10°
g, more preferably 500 to 4000 equivalent/10°® g. The basic
compound is desirably a compound evaporatedat thetimeof forming
a coating or at the time of baking and curing with a curing agent,
and ammonia, organic amines etc. are preferable. Preferable
examples of such compounds include triethylamine, N,N-diethyl
ethanolamine, N,N-dimethylethanolamine, aminocethanclamine,
N-methyl-N,N-diethanolamine, isopropylamine,
iminobispropylamine, ethylamine, diethylamine,
3-ethoxypropylamine, 3-diethylaminopropylamine,
sec-butylamine, propylamine, methylaminopropylamine,

dimethylaminopropylamine, methyliminobispropylamine,

3-methoxypropylamine, monoethanolamine, diethanolamine and
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triethanolamine. Depending on the content of carboxyl groups
in the graft reaction product, the basic compound is used such
that the pH value of the aqueous dispersion is preferably in
the range of 5.5 to 9.0 by at least partial neutralization or
complete neutralization.

For forming the agqueous dispersion, the solvent contained
in the graft reaction product is removed by an extruder under
reduced pressure, and themolten or solid (e.g. pellet or powder)
graft reaction product is introduced into water containing the
basic compound and stirred under heating, whereby an aqueous
dispersion can be formed, but most preferably the agueous
dispersion is preduced by a method (one-pot method) wherein the
basic compound and water are introduced just after the graft
reaction is finished, and heating and stirring are continued
to give an aqueous dispersion. In the latter case, the
water-miscible solvent used in the graft reaction can be
subjected if necessary to distillation or azeotropic
distillation with water to remove a part or the whole of the
solvent.

The crosslinkingagent includes phenol formaldehyde resin,
amino resin, multifunctional epoxy compounds, multifunctional
isocyanate compounds, various block isocyanate compounds and
multifunctionalaziridine compounds. Thephenolresinincludes,

for example, alkylated phenol or cresol/formaldehyde

condensates. Examples thereof include formaldehyde
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condensates with alkylated (methyl, ethyl, propyl, isopropyl,
butyl) phenol, p-tert-amyl phenol, 4,4’'-sec-butylidene phenol,
p-tert-butyl phenocl, o—, m- or p—cresol, p—-cyclohexyl phenol,
4,4'-isopropylidene phenol, p-nonyl phenol, p-octyl phenol,
3-pentadecyl phenol, phenol, phenyl-o-cresol, p—phenyl phenol
and xylenol.

The amino resin includes, for example, formaldehyde
adducts with urea, melamine and benzoguanamine, and C;_g alcohol
alkyl ether compounds thereof. Examples thereof include
methoxylated methylol urea, methoxylated methylol N,N-ethylene
urea, methoxylated methylol dicyandiamide, methoxylated
methylol melamine, methoxylated methylol benzoguanamine,
butoxylated methylol melamine and butoxylated methylol
benzoguanamine. The amino resin is preferably methoxylated
methylol melamine, butoxylated methylol melamine or methylol
benzoguanamine, and these resins can be used alone or in
combination thereof.

The epoxy compound include bisphenol A diglycidyl ether
and an oligomer thereof, hydrogenated bisphenol A diglycidyl
ether and an oligomer thereof, diglycidyl orthophthalate,
diglycidyl isophthalate, diglycidyl terephthalate, diglycidyl
p-oxybenzoate, diglycidyl tetrahydrophthalate, diglycidyl
hexahydrophthalate, diglycidyl succinate, diglycidyl adipate,

diglycidyl sebacate, ethylene glycol diglycidyl ether,

propylene glycol diglycidyl ether, 1,4-butanediol diglycidyl
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ether 1,6-hexanediol diglycidyl ether and polyalkylene glycol
diglycidyl ethers, triglycidyl trimellitate, triglycidyl
isocyanurate, 1,4-diglycidyloxybenzene, diglycidyl propylene
urea, glycerol triglycidyl ether, trimethylol propane
triglycidyl ether, pentaerythritol triglycidyl ether, and
glycerol alkylene oxide—added triglycidyl ether.
The isocyanate compounds include aromatic and aliphatic
diisocyanates and trivalent or more polyisocyanates, which may
be low— or high-molecular compounds. Examples thereof include
tetramethylene diisocyanate, hexamethylene diisocyanate,
toluene diisocyanate, diphenylmethane diisocyanate,
hydrogenated diphenylmethane diisocyanate, xylylene
diisocyanate, hydrogenated xylylene diisocyanate, isophorone
diisocyanate or trimers of these isocyanate compounds, and
isocyanate—terminated compounds obtained by reacting an excess
of these isocyanate compounds with low—-molecular active hydrogen
compounds such as ethyleneglycol, propyleneglycol, trimethylol
propane, glycerin, sorbitol, ethylene diamine, monoethanol
amine, diethanol amineand triethanol amine, orvariouspolyester
polyols, polyether polyols and polyamides.
The isocyanate compounds may be blocked isocyanates. The
isocyanate blocking agent includes, for example, phenol and
phenolderivatives suchas thiophenol, methyl thiophenol, cresol,

xylenol, resorcinol, nitrophenol and chlorophenol, oximes such

as acetoxime, methyl ethyl ketoxime and cyclohexanone oxime,
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alcohols such as methanol, ethanocl, propanol and butancl,
halogen-substituted alcohols such as ethylene chlorohydrin and
1,3-dichloro-2-propanol, tertiary alcohols such as t-butanol

and t-pentanol, and lactams such as €-caprolactam,
d-valerolactam, Y-butyrolactam and PB-propyllactam, active
methylene compounds such as aromatic amines, imides, acetyl
acetone, acetoacetate and ethyl malonate, mercaptan or
derivatives thereof, imines, ureaorderivatives thereof, sodium
sulfites of diaryl compounds. The blocked isocyanate is
obtained by addition reaction of the isocyanate compound, the
isocyanate compound and the isocyanate blocking agent by a
suitable method known in the art.

These crosslinking agents can be used in combination with
a curing agent or an accelerator. The method of compounding
the crosslinking agent includes a method of mixing it with the
base resin and a method of previously dissolving the polyester
or polyester polyurethane resin in an organic solvent solution,
and dispersing the mixed solution in water, and the method can
be arbitrarily selecteddependingon the type of the crosslinking
agent. The curing reaction is carried out generally by
compounding 5 to 40 parts (solids content) of the curing resin
with 100 parts (sclids content) of the polyester or polyester
polyurethane resinin this invention and then heating the mixture
for about 1 to 60 minutes in the temperature range of 60 to 250°C

depending on the type of the curing agent. If necessary, a
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After 100 parts by weight of the copolymerized polyester
resin (Al) obtailned above, 66 parts by weight of methyl ethyl
ketone and 33 parts by weight of tetrahydrofuran were dissolved
at 70°C, 200 parts of water at 68°C was added thereto to give
anaqueousmicroscopicdispersionof the copolymerizedpolyester
resin having a particle diameter of about 0.1 ym. The resulting

aqueous microscopic dispersion was introduced into a

distillation flask and distilled until the distillate

temperature reached 100°C, and after cooling, water was added
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ds9! 10%! &iperdli®nlOPein® ppiydStaaodRif )RA1dL! ANFeH4L brritsZhy welighd d d(
10%d! & ()-d d&&! 10%l! & ()-d d$& 10%l! & ()- d3 "10%l! & ()- d 10%l! & () -

d&! 10%l! &'off) aBelalsividd 0 ad né@ cbA%i&a(l) =d 1d&3 1GHwE el) st-d1l! 10%l! & () -
d/ 10%! & ()- d3 -10%l! & ()- d+10%l! & ()- ZvU410 d& 10%l! & ()- d

910%l! & ()-10d! 10d! 10d! d9<10%d! & ()- dL9 10%d! & () -

d37' 110%l! & ()-Zd$f|[:vU410 d dyl0%l! & ()-d d" & 10%l! & ()- dY! 10%l! & () -
d@®! 10%! & ()- d 910%d! & ()- d3 109%"&3()-Q[:vu410 d d !10%l! & ()-d d
10%d! & ()- d& 10%l! & ()- d& 10%d! & ()- d& 10%l! & ()- d3

-10%! & ()-(a! | [:vU4l0 d d-!110%! & ()-d d*!10%l! & ()- d(9!10%l! & () -
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"S100a! & ()- d 10%l & ()- d9! 10%ll & ()-[|[:NA41010 d, 5: 1 10%l! & ()-d
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d$' 10%! &I(tfjz )dwgs 130ged 9Nty theg@te (N RQJlvREaer (F tibiea o9l % OF) -

, 5: I100/@“&(7 d&3! 10%! & ()-d d 1'!'10%l! & ()- d/ & 10%! & () -

: 1 109! &0¢Y0Q/uatdod by1owgoRt))- d10%d! & ()- d &10%l! & ()-10d! 10d! 10d!
d&<10%jl& ()- dL9!'10%l! & ()-T E|[:vU410 d dl 10%l!' & ()-d df 10%l! & ()-d
d 110%l! & ()- dY!'10%l! & ()- d @0%l! & () d910%l! & ()-E?}|[:vU410 d d"
109! & ()- d dy & 10%!' & ()- d d& 10%a°& ()- d& 10%d! & ()- d9!10%d! & ()- d
10%d! & ()->z |[:vU410 d d/ 10%l! & ()-d d,f 10%l! & ()-d d*& 10%l! & () -
d(& 10%d! & ()- d& 10%il! & ()- d$9!10%! & ()- OB()|[:-410d!'d d&<10%l! & ()-d
d99 10%l! & ()-d d3710%l! & ()- d510%l! & ()- d3@0%l! & ()-
d110%f! & ()-)*+ wibA410d!d d dy& 10%) & ()- ds& 109%Q & ()- dY & 109%Q & () -
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vU410 d10%Q & ()- d! 910%Q & ()-10d! 10d! 10d! d9<10% ! & ()- d 9! 10%l! & () -
dY7:110%l! & ()-U  ?{|[:vU410 d df MIO%Q & ()-d d & 10%Q & ()- dY10%Q & () -
df 10%Q & ()- d9!10%Q & ()- d3 & 10%Q & ()-.1 |[:vU410 d RIB0O300IEBEQ)) - d
dMLO%Q & ()- d 109 & ()- d& 109 & ()- d310%Q & ()- dl 91 109 & ()- ? ~
<~|[:vU410 d d-:!10%Q & ()-d d*& 10%Q & ()- d(!10%Q & ()- d&9! 10%Q & () -
d$&! 10%Q & ()- d"& 10% & ()-~2t|[:vU410 d d99 10%Q & ()-d dF7' ! 10%) & () -
d5& 10%Q & ()- d3& 109 & ()- d1:!110%Q & ()- d/ 109 & ()-; lvuwalo d
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X | [: vUibEndtke gesydddng G9mRP e pf@%p&eé) (ChsyricouppReyyegunder
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@' 109 & () - f PATRUVAVES &&&' vU410 dS 1098"8& ()- ( d 1098"8& ()-(

d9! 1098" 8&ep)in' pardi@IBE8& ()-10Q 10Q 10Q d9<10%Q & ()-'C ~' "' (=(|[: vUu410
d dl 1098"8& ()-d d1098"8& ()-d d3 f1098"8& ()-d d ~1098"8& ()- dFy
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109%& d d9110° & 0%
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dl &109% & () - 100 100 100 d&<10%) & %% d99y 10%) &é) b626667E77) [ : VU410 d
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109%Q & ()- d10%Q & ()-777:8888|[:vU410 d d& 109%Q & ()-d d& 10%Q & () -
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d d*& 10%Q & ()-d d(:!10%Q & ()-d d&9! 109 & () d3 $109Q & () -

d"10%Q & ()- d F 10%Q & ()-):c::::::::vU410 d 109%8& ()-"

d010%8& ()-10Q 10Q 10Q d&<10%Q & ()- P> 109 & ()- d,

109 & ()-:::::::][:vU410 d dy810%& ()-d dy810‘V$&() d961098$& () -
dN10%$& ()- d 1098& ()-" d 109& ()-"::::::::tX<410 d
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. I R6t X<095$&' (hX1098& () - . 4hX10%& () - . 4qDZp#> Tt RhX10%& ()-.4 ;]

Coo ot X<OYB& (hXL09B& () - . 4hX1098& () - . 4hX1098& () - . 4hX109%B& () - . 4hX1098& (
) -. 4hX109%6& () - . 4hX109%& () - . 4; F- P03019TB(SC2

coa o TX<O9BE (thO‘V&S& 0)-. 4hX10‘V$& ()-.4hX10%&' () -. 4hX10%8$& () hX10%$&
() -. 4hX1098& () - . 4hX1098& () - . 4;
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state for 30 minutes and then cooling the reaction solution to
room temperature. Then, the reaction solution was neutralized
by adding 10 parts by weight of triethylamine, and 160 parts
of ion-exchanged water were added thereto, and the solution was
stirred for 30 minutes. Thereafter, the solvent remaining in
the mediumwas distilled away by heating, to give a final aqueous
dispersion (C2). The aqueous dispersion thus formed was
milk-white with an average particle diameter of 80 nm and a B
type viscosity of 50 cps at 25°C. The graft efficiency of this
graft product was 60%. The molecular weight of the side chain
of the resulting graft product was 8000.

The resin (A6) was grafted in an analogous manner by using
the compositions in Tables 5-4 and 5-5, to produce aqueous
dispersions (C2) and (C3). The results of composition analysis
by NMR etc. are shown in the table. The respective components

in the table are expressed in mol-%. The average particle

diameter of each aqueous dispersion is shown in Table 5-6.
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BZA: benzyl acrylate
DEF: diethyl fumarate
MAnh: maleic anhydride, and

AIBN: azobisisobutyronitrile.

[Table 5-5]

Aqueous dispersion |C2 C3
Graft product B2 100 0
Graft product B3 0 100
TEA 5 5
Ion—-exchanged water | 80 80

In Table 5-5, TEA refers to triethylamine.

[Table 5-6]

Aqueous dispersion (Cl) (C2) (C3)
Base polyester resin (Al) (B2) (B3)
Average particle diameter (um) 0.1 0.08 0.05
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109868& ()-& i 1098& ()-10|!10|!110[! iL<10%!'& ()- i!10%!'!& ()- i

10% ! & ()-el - 43109%$& () - mi3109%&' () - m0310%& () - mi31096& () - nd

1 71098& () - & i PA10OYBE () - F-P03019TB(SG

i\ 1096& ()-tX<431098109%$& ()- mMi310%& () - mM3109%8&' () - mi310%&' () - rmglo%&' (

) - Mi31098& () - Mi310%& () - mit X<4310981096& () - M310%& () - mi3109$& () - mi310

Y$& () - mi31096& () - mM310%& () - mi310%& () - mMipP44331098&' () - M&31096& () - m

31096& ()- mMi3109%6& () - mi310%B& () - mi31096& () - M310%& () - M B&P4310%& ()

-mMi310%&465- patksXo&Adimethyl terephthalate, 466 parts of dimethyl

| *E t X<310%8&' 310%8& () - mi310968&' () - i3109%8& () - m310%B& () - mi31098&' () - nu3

1098 () - T43RAMIALELIUNLSAAIBE SHOUBEEhrTE3H0UBE, () 40dSHAIGE. b~ M 310968

' () - mi31098& () - mi31098&" () - mi310%b& () - mit X<31096$& 31098& () - mi3109%%& () -m

4310968 (LG LM (o TISABE S o 43 WPRK O FHRYA raibloX by @42

| *E 310%& () - mi31098& () - mit X</ ) X &Aa

| 31098& ( 10088 (). Up&.(3) UB& ) B ),z ' () - ma31

boBe () n%ch@fr?é:?@igb &Av)aagf%%%‘} L% ely) £ BRSO L a3 QB & € b S KPP &,

| S10%8e () A0088 ) T30V ) S BA0RE0) s MZI0LO4 L2 VAR QU - it

) ! - 0 ! - 0 ! - ) ! - ) ! - 0, ! -

| SL0%e (1 maL0%0 () I3I0NE () MA00BE ) 5 BRS P) s PERI0YRE,) -
310968 () - m310%8&. ().- M310%8& () - 31098 () - m3109%6& ()= mi310%& () - mi31l

0988 () - FARBEERO3O58E £7-FROT DOERE )L MR/ I3 0T+ £ TAER | RixkiiFe)

| "t X<3109%& 31098& () - mA310%6& (g- mi31096& () - mi3109%&' () - mi310%B& () - mi310

9%$8& () - mMIEYERE ¥9d Fa 2PHVE ANORBIDVSReRRFRYY I AEREOYRRE | I OPBY 85688 () - nu

3109%8& () - rm310ty$&'@é - MI31098& () - mi31096& () - i) *+, - ./ Ot X<310%$&' 31096& ()

- M310%6&YWEP- FESHDoGAY (FeruSeBvsRN e ) M ABIDOHRR Y ) LS @ Y YL P 820988 () - mt

0123&t X</ )X &Aa | *E 310%& () - mt310%6& () - mi3456789: t X</ ) x &Aa

| 3109$& ( PNARZ1099E8CEY- RESIOUAR 2 - PBE 0B&& 19 -3l VPR YRSHEFLAPEL - () - mi31

09B& ()-mi: ; <=>?@\t X</ ) x &Aa

| 310%5& ( Fhen3e69dRiy - pUBIO9sRr ((A M IeGIRale) YeHBI0EEE CramPeasphs () - i3l

0%& () - MeABCDEFGHt X</ ) x &Aa

| 310%5& ( Thev8000HELL)LonBheYBES (eadltodday (YMRVESIOYGE { RsnEIL0WHE . () - 31

09%& ()- miH JLM X</ ) x &Aa

| 31096& ( PiAIboUHE'ic) ardd168HEb 13108684 T )mort-34 CeGs i) thIBI0 W' () 418131096&

' () - MVNOP?B&t X<310%$& () - mi31096&' ()-mi/ ) x &Aa

| *E" PORSThY\WW-%<3 50 h&h3ALQAUP&'clip, b3 Wb &' Eumat3 t0UB&d() - mMd310%B&" () - mi310%

& ()-mi310%& () - mMi31098& () - MWKYZ[\ ] ~t X<310%$&' 31096&" () - mi310%& () - 31

098& () - Mh3BAYSEmbdnENBd 0V b1 MA3AEIBEN £ 1 AZLRIMBES ()md¥ s calhgden%<310%8&

' 310988 () - M3109%6& () - Mi31098& () - 310988 () - m310%& () - mi31096&' () - 31

0%& () - mgaghicht/)x &Aa | *E (310%& () - mA(310%& () - mdi kI mopgoS7) x &Aa

| 310%$&' () - mM310%& () - mMA3109%6& () - Mi31098& () - mM310%&" () - md( 310%&' () - mA(

31096& () - mAqr sUYWKHX<DX18M8ters (A2, A5, A6) shown in Table 5-7 were

| 3109%&' () - mi310%& () - M31098&" () - mB310%%& 8) “mi310%%& () - mi31098& () - mi3l
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4310968 () - 4310968 () - MA31096& () - m31096&’ () - M31096& () - mi&t X</ ) x &Aa
| *E 310%& () - mi310%& () - mit X</ ) x &Aa

3109%6& () - mi3109%6&' () - 310968 () - MA31096& () - m31096&’ () - m31096& () - m3l
!)cya;&'()-gn)dtTf\@/l)ex5&,&d() 0) () 0) 0)
| 310988 (oI LAAtE ok o3I LAERE () - TSTOVSRT (R AT [ XaGySTq®EY () - 31
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&Aa

| 31098& () - Mi3109%6&' () - M310%& () - Mi3109%6& () - m310%B& () - mM31096& () - mi3l
09%8& ()-minr>"t X31098$& () - mMi310%8$& () -t/ ) x &Aa F-PO3019TB(SG)

| *E t X<3109%& ()-310%&' () - mt' 310%& () - mi31096& () - m310%& () - mi31096& ()
- 310988 () - Mi31096&" () - mit X<31098&' () - 310%8& () - mi' 310%B& () - mi310%8&" () -
Mi31098& () - mi310%&" () - mi31098& () - mi310%B&" () - mit X<31096& () - 3109%& () -t
' 310958 ()-mi310%b& () - mi310%b& () - m3109%6& () - mi310%& () - m3109%B&" () - mi&t
X</)x &AL | *E 3109%& ()- m31096& () - miBR</) k0&Aa [0 0 0
| 31098& () - mM310%$& () - mM310%$& () - MBEQYSE&] 7) - M3L0%B& |(§ - mA310%B& (|) - mA31
0%$& () - MBbXspXefPaalcohol (mol-%) EG 50 50 50 50
| 31098& () - M310%&' () - md310%8& () - MBEPEEE&] 6)- M3 ERYE& (9o nMA31698& (|) - mi31
098& ()- Mt X</)x &Aa MPD_ | 0 0 0 0
| 3109B& () -3T0Y$& () - M3T0YS& () - T & () -ma3109%6& () - 31096 & () - mi31
098& ()-mit X</ ) x &Aa

| 310%$&' () - mMi31098& () - mi310%&' () - mi31096& () - Mi310%& () - mi3109%& () - mi31
098&' () - i~ B&t XZBe0BRréyian3008G&h( Tabde) R—&Aare as follows:

| *E t X<31096&' 310%& () - m31096& () - mi310%%&" () - mi310%B& () - mi310968&' () - ni3
10988 () - Mi310YBRAE) - et BIINVERE: HOMBE' () - MI310%8& () - M31096&' () - M310%B&
' () - m310988& () - M3109%& () - m3109%6& () - mt

t X<31096&' 310%B&PA) - SIS Y ) ISIDYBE () - Mi310%6& () - M31098&' () - mi310%
& ()-mi31098& () - mi&t X</ ) x &Aa | *E 31098& ()- mi310%8& () - mit X</ )x &Aa

| 31098& () - M310%$&' £obadBd 096 () - MI31096&" () - M310%B& () - M31096& () - i3l
09%$& ()-mt t X</)x &Aa

| 310%5& () - M310YS&E fa P 109GE () - M31098& () - mI310%8& () - mi310968&' () - mi31
098& ()-mi | "#$9&' t X</ ) x &Aa

| 310%8& () - M31puHa&’ 41)13{%@,4@(@189@1 Mi31096& () - m310%&' () - mi31096& () - mi3l
09%8& ()-md' ()*+t X</ )X

| 310%6& () - M31QU8&' (s B8, { ) IU3 & ()-mi3109%8& () - mi310%& ()- M3l
0%B& () - M+, - . A%%X@%%%é&ﬂ %SS ﬂ- %ﬁ%%%&&’?@m )X &Aa

| *E*. 1 012345t X<310%6& 31008 () - A3LOMRE ()1 SP310%B& () - mi310%& () - Mi310%
& () - m310968 dﬂ’ %ﬂs%%ﬁtﬁ;}ii %5%%%‘9 d1 St

<t X<3109%$& 310%$& ()- M3109%& () - m310%$& () - M3109%6& () - m310%&' () - mi310%
$& ()-mi310988& () - mi<=>?@ABCt X<310%$& 310%B& ()- mi310%& () - mi31096& () - mi3

1098&' () -md31098&. () - M310%6& () - mMd310%$& () - v &t X</ ) x ,&Aa

| *E 31(()2)/$g% Ef%&%i%ﬂs&“éﬁp FA akgﬁzﬁd&é#fx%’)%%gg%;?ﬁﬁs 688" () - mi31098& ()

-mi310%6& () - mM3109$& () - mMi310%& () - mi(310%& () - MANOPQRSTUL X</ ) x310%$&'

- M310%5& 8 rmélé%&né%§ﬁ4§&9@ &a@@ﬁh&%w%éﬁ%ﬁmﬁ}w OESTovds () - §n)4
UVWWKYZ[ \ t X</ ) x3109%8& () - m310%8& () - mi31098$& () - mi3109%& () - mi31098& () - mi3
10968& () - PSTOOBSTEr-3nA f PSR YLy @b4Rx 1) FRS 9698 8T (2 ¥BIBIRR VA" 31096
& ()-mi310%& () - M310%$& Qh mi310%6& Q -md acd”>"t X310%$& (). - mM310%& ()-m
4/ ) x &Aa 466 parts of dimethyl terephthalate, 466 parts of dimethyl

| *E def ghij kt X<3109%$&' () - 310%&' ()-md' 31098& () - m3109%B& () - mi310%B& () - i3
10968 () - h59Phidaletent3009parEs- whik neeosaityX<Iloupd  ( H43109¢&s( PImt' 310968
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| * E" 310%$&he) mik BlhOeBé £ )sunfjeck@l rr3d 268 ychaiRi)¥d&ct)iomidt (DEE tE) - m310
UB& ()-mi310%& () - mMi310%$& () - Mi310%$& () - mit X</ ) x3310%$& () - mMi310%& ()-m
43109%&' ( P28 160$& 4 homd310%BReh ) - 13 PLIE off) £ 11831 DLUPEE { J -weleXa/d)e3B10%$ &

()-mi310%& () - Mi310%& () - mMi310%& () - M310%$& () - mMi310%& () - mM3109%8$& () -

Mt t X</ ) x33.0%e& , ( AnaHHO W& Hyra W3 s 088 éd 181 3DOYBE 4D 0¥ SHOYB& Mol 310%%
& ()-mi310%& () - min>t 3109%8B& () - m310%& () -md/ ) x &Aa

| *E" 0S7310%b&310%8&'ten- 18340%8 &1 €) ca¥33AYBEa ¢} 1 61 31 0P/e% ( Jched JCHL& o ) - ™31
09%& ()-mMi310%B& () - mit X<310%$&3109%$&' () - mMi310%$& () - M310%& () - M310%B& (

). 3109845 dUAOUBE JBcTUHOLBEe L )T XeSI0IBEBINBE L4 B IOURE () - 31
098& ()-mMi310%& () - mMi31098& () - Mi310%& () - mMi3109& () - mit X<3109868310%6&" (

) - M310Y88 1) o PESLIVBE P OURE' ) 2 Frt3d QB £) o FEGIAYBE K du FAFRYSE () - m
47 >"t X31098B& %) -mi3109%8& () -md/ ) x &Aa

| *E t X<310%$&' () - 3109%$& () - nmd' 3109%&' () - mM310%$& () - Md310%$& () - mM310%& ()

-mi310%b& () - mM310%$& () - midt X<310%$& () - 310%$& () - n¥' 310%$& () - MA310%8& () -

M310%6&' () - m31096& () - M310%&' () - mABBous&’ () - mit X<31098& () - 310%&' () - i
' 3109%B& () - mi3109%B& () - mi3109%$& () - mM310%$& () - mMi310%8& () - m31098B& () - mié&t

X</)x &Aa | *E 310%$& ()-mi310%& ()-micC</)x &Aa

| *E310%%& () - m3109%B&" () - mi310%6& () - mi310%B& () - mi3109%8$& () - md(310%8& ()-m
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&Aa
| *E | #9% ) _?43109%8& () 310%& () - mi310%& () - mi310%6& () - m31096& () - m31096&
' () - M310%B& () - i) +- 1358 24310%6&' () 31096& () - m31096&’ }% ;;gi () - 31
098& () - M31008& () - M31006& () - mi8: >BCDEFGK/ 3310068 () -3 “ma310%%
& ()-mi3109%& () - mi3109%8& () - Mi310%6& () - mi310%6& () - MFHLNQUK/ 33109%6& () -m
431096& ()- mi310%B& (310%6&' () - M31098& () - mM31098& () - mi310%6& () - MeQRSZ/B
" gK3109$&' () - mi310%8& ()-mi/ ) x &Aa

& ) us1B08L B RASTONEE 0)- Maboaer ot X3 TOomar STRAPD) 1098 () - masl
310058 () RS TODEE (] 31008 () OV () 3 OV ) IITONE ) - et

098&' () - mMiapgr &t X</) X *E 310986&.().- 09%8&' () -mArsxyz 8/) x
&310%%$& ()~ (- 9 3169 (Y-ma310%&() - 9$& ()-m3l
O T e PR b ooy R SRBoRER 1 s Taes FohbEs

098& ()-miL~t X</ )x. ., . ) . .

&310%6& (J? ) 2fud1 2 HR31 32 2 y$&°() - mi31
(P rastobEALe) 2RAd1B9BROT T RS (OVERE Tt FRFRRRER () LS

09B&' () - mAt X</ ) x . : - -

&31096& (Fodu31 alAS18688 (- AR3180 ] & () - mi31098& () - mi3l

Potad1 68RPERNAS10688" ( P- RA3TGEEMET i 3tods

09%$& () - mit X</ ) x

&3109%6& ( PLRAALPBRIAEY Edu 3 PVBRL T F-1eRoese OlYmei1098 8- hestedere() - 31

0%& ()-minB"t X310%8$& () - mi3109%8& ()-mt/ ) x &Aa

| *E t X<310%¥8°310%$&' () - mi3109%& () - m310%&' () - mi3109%& () - m310%&' () - mi3

10988 () - M31096&' () - mit X<31096&' 31096&' () - mi310%8& () - mi310%6&" () - M3109B&

() - 310968 () 1AAPE0YSES { FhA PrOYEE (Or pel }aB 1 0oPR B e I 03 Te®bE () - m

431098&' () - mi31098&" () - mi310%8&" () - mi310%8&" () - mi310%B&" () - mi&t X</ ) x &Aa

| * E" 310%$ & (e thiBll @XB& 1( ke hdpd 8/Mexre introduced into a reactor equipped

8310968 () - 310968 () - MA310%6&’ () - 310968 () - M310%6& () - mi3109%6& () - mi31

0%$& () - mitiXk/g xtirrer, a thermometer and apartially refluxing condenser,

&31096& () - m31096& () - m310%$& () - m31098& () - td31096& () - 310968 () - mi31l

0%& () - Min¥<dHter the mixture was dissolved, 3 parts of neopentyl glycol,

8310968 () - 310968 ()- mA3109%6&’ () - 310968 () - M310%6& () - m31096&" () - mi31

0%$& () - MEXphkXs of diphenyl methane diisocyanate and 0.02 part of

&31098& () - m31096& () - m310%6& () - m310%& () - 4310988 () - i31096& () - mi31

09B& () - nﬁ&%bﬁiﬁ%@.%ﬁélﬂﬂﬁ%%é@%&l{90%&6 i$Ad the mixture and reacted
| *E 0S7310%3810%$&' () - mMi$3109%6& () - M310%B& () - M3109%8& () - md3109%8& () - ma310

SO G SIS (hgisIo B e Qe ()
e ()-SR R O R  BA SR

7B LX< OVEE AP0 [ aba DT YIRS e (A ST6% S SmheE () - ma
el e e
e O e e e i
09B&' () - MPRNREL) x Themolecular weights of the Yespective polyesters and

&3109%6&' () - mMa3109%B& () - M310%& () - mM310%& () - mi310%$& () - m310%& () - nmi3l
09%& () - rrﬂ?thﬁ<¥§§(uj-t of composition’analysis thereof by NMR etc. are shown
&31098& () - mMi3109%8$& (7) -ma31098& () - mM310%& () - mM310%B& () - mMi310%& () - ma31l
0%& () - mq.tnxg'/a}))@e 5-7, and the molecular weights of the respective

&310%B& () - mi310%B&’ () - mi310%b& () - mi310%& () - mMi310%8& () - M310%B& () - mi31
0%8&' () - mpolyeEtEex3no ¢rhanss GOERLhy-rRFY Kt @hgcomposition analysis

| *E #3%&' () *t X<310%$&' 310%& () - m310%B& () - mM310%p& () - mM310%& () - nd310%
& () - M310¥p&eO)t- iny3 NORE&LC).- e+ showdl X< TrOUEL'S3BOYSE () - Mi310%%& () - mi31
09%8& ()-mMi310%B& () - mi3109%B& () - mM310%$& () - Mi310%b& () - nMi12345678t X<310%&
'31098& () - mi310%B& () - mMi310%B&' () - M3109%8B& () - mM310%B& () - m310%8& () -mi3l
09%& ()-mi89:; & X</)x &Aa | *E 310%$& () - mMi310%& () - mi; <?ACEGID</) x &Aa

| *E 310%& Tl SEBYP&' () - M3109%8& () - mi310%B& () - mA3109%B& () - mM310%& ()-m
4G KMOQS _7?</) x &Aa

| 310%5& () - M31098&" () - Mi31098& () - mMi310%8& () - mi310%8& () - mi310968&' () - miSU
WY[]__?</)x &Aa 164

| 310%%& () - mi310%$& () - mM310%& () - mM310%$& () - mMi3109%8& () - mi310%& ()-nd_a
cefhicG/)x &Aa

| 310%5& ()- mi31098&" () - mMi31098& () - mM310%8& () - m310%8& () - mi31096& () - mdi k
| Ml cGB10%$& () -/ ) x &Aa
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| *E 310%8$& ()-mi310%& ()-mt pT8/) X

&3109%&' () - mi3109%$& () - mM310%$&' () - m310%& () - m310%$&' () - m4310%is&' () mi31
0%B& () - mit X</ ) x F-P03Q19TB

8&3109%&' () - mi310%& () - mM3109%&' () - mi3109%& () - mi31098& () - mi3109 & () mi31
098& () - mit X</ ) x

&310%$&' () - mi3109%$& () - M310%$&' () - M310%& () - mM310%& () - M3109%& () - mi31
09&' ()-md 1t X</)x

&310%%&' (Pohy8s0esepo)ynnstbede () - m310%& (A3 mi310%6& (R4mi310%8& (|) - mi31
0%5& () - mabl#88B&r Xs31006& (AF) Mi310%8& () - mi/ I X0 &Aa 0
| *E $9& (pd1{&s840%&13d0%&6() - md310%& () -net310%& () - md8D0%B& () - Md310%
& () - mi3IBMRE () - M3T098& () - ma+, -. 7 012 X<31|0F&& 3IT098& (k- MA310%& (|) - mé31
0%& () - MRB&078& () - TH3T0WE& () - MA3T0%& () - MF3T0%& () - Mp23456 /89T X3310%b&

' 3109%8&' | Wﬁ%&'— = ) - mMi31
0%&'() IR.. Qtv I)\I &Aa |*|:‘310n/n~&l() wv131 qw&l()_m =1

&31096& | 09$& 310958 (Y- pU 31098 { ¥ nu310%b& () - 31
0968 () - Ik gﬁp@ﬂdmﬂigpwty 0.52 0.55

&310968&' () - mMi310%& () - M310%B& () - mi310968&' () - Mi3109%6B& () - mM310%B& () - ni31
09%8&' () - MKLMNOPQR X</ ) X

S108 ) SRS aHSIYEH (A IOIOIOE0) gURNER() - L0 ()1

LI ) AR ARG Qs g msioes O msion -t

| *E'\ _" abcdeoS73 gﬁ,g%gﬁ10%8%@l 310%& () - m31098& () - M310%8& () - MH310%$&
() - mM310%8& () - 310988 () - me kIt X<31096831098&' () - M31096&' () - M310%
$& () - m310%& m310% i 100/65& m4310 m4l mopgr st X<310%$&31
09B&' () - rmslo%i;@’h %&’g(‘}‘e /%%%'C&) 310968 () - m310%
& () - mist uvt X<310‘V$&310%B& ?(% m4310‘V$& m4310‘V$& () - Mi310%& () - Mi310%B&
() - m31098& () - ME310uskE [ PRER: () - mi310%8& ()-mi/ ) x &Aa

| *E yz{| } ~t X<3109%%& 310%&" () - m4310°/$& () - mi31098& () - mM310%8& () - 310958
()- mi310%& () - Mi310%B& () - mit X<310%$& 31096& () - M31096& () - M3109%6& () - md
310968 () - M310%8&' () - mi310988&' () - M31096& () - mit X<31096&' 310%B& () - i310%8
& () - M310P$&IOFLANB1 0% & PAHEYUSIEESPRIRET0%8 8 () - M31098& () - mi&t X</ ) X
&Aa | *E 31098& () - m31098& () - mipT8/) X

&31098& () - mslemqgomamgm&dwxuMeme(r) vt EovpaIetr B TeFE&X( ) - 31
09%& () - mit X</ ) x

&31096& (MewAZE0sBAE 6)quaBLDVESEL(Y 1 yMBIOsBE G )demBIOMES Chant@t0&h( ) - mi31
0YB&' () - mit X</ ) x

&?}éwff" ( ﬁo@%ﬁ@&' WQigMBa0URE 159 L YISOV BE&s( - (RIRL0TH & (Y tanidP WRABRL( ) - 31
0%B&' () - mit X</ ) x

&31098& ( pofrHSUNB & thy1MESLONG A 20) pa#8d BYHES { Jh T LOIGE: §py eI TOUBE' () - mi31
0%6&' () - miN>310%6&" () - mi3109%6&' () - mi/ ) x &Aa

| * E t X<31Q%H&p & ¥ 83 Q9B & el hyhivo B hAUES d hnifdQ¥Eakd -9M3pa¥EE Hy weighav®& () -
Mi31098&' () - mM31098& () - mit X<31098&' () 31096& () - md' 3109B& () - mi310%8& () - i

310%6& () o1& (BB ENH) 1Bt 3LQYRE 4 3 dITREYIFLAVBEaE ) 3HAWRE g - m' 31
0968 () - M31098& () - mi31096&" () MA31098& () - mMA3109%6& () - m31096& () - mi&t X</

)X &Aa in a refluxed state fter the resin was completely dissolved,
| *E 310%5& () mMi310986& () m4087/ x310%$& () - m3109%& () - m4310%5& ()- "m310%
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s Q.rieiuss Dywiinag e sioioee O g g e )

) w30nEE %‘é%#ﬁﬁéa%f?ﬁﬁﬁ&a%@%’?@”%%% 15 oo%q;%? e ().
”f?? U N A %8%5 %ﬁﬁﬁf’%?ﬁ/iﬁﬁ%ﬁ%%@%? ?@aﬁ%%é‘%‘edmﬁé’fo%& ()-m3
B e b v ot s

4310968 310%6& 310968 ().- M310%

| *E 3100/45529%4 91‘21%%‘6)&%} h?nﬁéfl%f/e) ‘ﬁp % f‘#@ m4310°/$

& ()-m31098& () - m310% mi( 3

tX(<3 ) x31099$’<§‘{"7(1)%9’19‘/$]&E(;’)OHE:?@'@/@@(%)OQ@&{;“ 8@‘&9@"(5 IREA GOES( }O rﬁq?é’ﬁ%& 0)
- MA310%$& () - mht X</ ) x31096& () - M310%& () - mi31096& () - mM31096& () - H310%6&

() - 310988 () - M31098& () - mit X</ ) x31BM&' () - mM31096& () - ni310%& () - 310

UB& () - MA31098& () - 310968 () - mM310%6& () - i B& X<31096& () - m310%6& () - mé

/)x &Aa | *E

l)#$t x<3|10%3& 310968 () - mM31098& () - mi310%8& () - m3109%6& () - m310%& () - mi3
1096& () - m31096& () - M$UE () *+t X<3109B& 31096& () - M310%B& () - M310%E& () -

PN A NS PN A NS PN A NS PN A NS PN A IS L N A NS



| *E 310%$& () - mi310%$& () - mit X</ ) x &Aa

| 31098& () - Mi3109%6&' () - M310%& () - Mi31096& () - m310%B& () - mM31096& () - mi3l
098$& ()-mit X</)x &Aa

| 31098& () - mM310%$& () - mi310%B& () - mM310%& () - m310%&}2)130r:3r8%%8%89)
0%B& ()-mit X</ ) x &Aa

| 31098& () - Mi3109%6&' () - M310%& () - Mi3109%6& () - m310%B& () - mM31096& () - mi3l
0%& () - m4tX</)x &Aa

g;;g%& (b HRIO0EL ) IRHOIAL ) BHTL0 33 Qo 3 Q) - 431

ol A e
xiégg%&%f‘%%@ﬁ% %@%gﬁ%éi %:@%ﬁ :%é’fb%ézn( £ 5231988 () - 3

109%8$& () - 00 & () ma&t X</ ) x . . .

7B 10068 ) kL OB eI DA ASE i IS 05828 H R SLOUEE 31096
& () m4310‘V$& Mi3109%6&' (). nd(310%

1"t X</ ) x31698¢& é%wp%ﬂ%’i‘b%& ()*“WSEB%@E’(‘%t%fS%&iPP R PEVEER L) 2 RS 1006 &
()-mi310%8$& () - mid" #3%& ()tX</)x310‘V$&?(ﬁ)4 MI310%6& () - Ma31098& () - nd3109%8& (
) - M31096RY( FIRABY0R &P T t AV 9B S )umeq@y@fwgﬁ)o@ggd( ) BEEIEL () - ma
310%8$&' ()-mi3109%8$& () - mMi310%8B& () - mMi310%B& () - M3109%8B& () - / 0"B&t X<310%
& () - m310¥%kerjergiyngeh\yater were added thereto, and the solutlon was

| *E 01234567t X<310%$& 310%&' () - M310%& () - m310%& () - mM310%B& () - m310%
& ()-mi316%&rey- fnB 1 0painytam78Fhereafter, the solvent remaining in

<=>t X<310%& 310%B&' () - mMi310%B&' () - M3109%8B& () - mM310%B& () - m310%8& () -mi3l
098&' () - mtB20NSEL ) wes > RI@BADEIKaB829%@B8h 84 098¢, (bo- pil3d @BEN4) apmi8DQEH& () - m
431098& ()-mMi31098& ()-mi310%$& () - mMm310%$& () - MEFCGH&t X</ ) X &Aa

| *E 310%&8icpeméI bOYR&L( ). - Tk MOkl Cs/ Jlksgdasion thus formed was

| *E31098& () - mM310%$& () - m310%8& () - m310%$& () - m3109%8$& () - md(310%B& ()-m
4UW ] _a_nshk<wlAde with an average particle diameter of 80 nm and a B
|310°/$& ()-mi310%8& ()-mi310%& () - mM310%$& () - mM3109%8& () - m4310‘V$& ()-miac
egi km_?</ )t&p‘&A@J.scosz.ty of 50 ¢ t 25°C, The graft efficiency of

|310‘V$& 0)- m4310‘V$& )~ m4310‘V$%L () mi310%$& ()-m310%8& () - m4310‘V$& () m4no
gst uvwgK/ ¢ rbdo 8P 3BT () - THILATESc ) a FRRLOIREOE) + M BB &hk)inm 31095
& ()-mi3l /&5& () - mhwx} ~">"gK310%& () - mi310%$& ()-mt/ ) x &Aa

| *E - S103880) 1310908 OLamSL0MELL) a3RaHbe ()- M310964 () - miS10%6E
)-mA310%8$& () -mt_?310%& () - m431 UB& () - m4310‘V$& () Mi310%6& () - Mi3109%8& ()

A O e s SR G HRIENEE O s (e
4310%& & Oy Rl (ckm%é&%%ﬁ?fs() PESTO%RE, (s 5@0%&’{%&9%&5%1;%%%0%& 0
Rk Ty S R
4 0, B (0S8t O L i
IR ) A O ML SIS O aites O B
310%& () - mt_?310%b& () 31096& () - mM3109%6& () - mi310%& () - mi310%B& () - mi310%
$& () - m310988 () - mi" &*-03_?31096& () 310968 ()- m310%6& () - 310968 () - m3l

098&' ()- mM310%& () - mM31098& () - mi379;
_>c'>310%;&T@j0§fo%§ () - 310988 () - 310968 () - m31098& () - M310%8& () - M3l

()-m31

09%& ()-n 7SE& (T TS 1076 & ()Bzmm}x a¥en B2

| *E ABEFH I‘él_sleL % 0% )= :ﬁﬁﬁ‘/&&l =TS 109%& ()QI1IF"F3109/$64'(§)- mME3TO9& () -
mi3109%6& Tebs. () AL CE iE v"v‘(ZgK*?,ng"“& O -G EO &)~ ¥310968 () - 131
096& () - n4310‘V$& () - 098813 m31008& 1) - izl A bheefl LO3108SE (i3 10%6&
' ()-ma,31C%1;&' () - mi3100A6R () - 10%& ()|-9m310988 (A2 31098 () - mif hill nopsg

K+31096&|() - mi3109%6&' (A4 m319%6& () - 310968 () - n¥B10%6& ()|- 310968 |() - mi3
10968 () - Mvsons ~| L0068 ()L0m310%68 ) - m3L0%ER! () - m3 1058 () - M3 10968
() - m31096& () - 31008 () - gC0310%6& 1 310%6& ()6 mi3109%%& q) - nh3109& () -
M31096& () - MH31098& () - Mi3109%6& () - m_GU31098& ( 31096310968 () - m3109%6& ()
310988 () - 31098 () - 310968 () - TA~B& GD3109%6& () - mA31096& () - A/ ) x

&Aa 166

| *E_?203109%6& () 3109%6& ()- m3109%6& () - m3109%6& () - mA31096& () - m31096& () -m
4310988& () - mh_2031096& () 31098& () - 310968 () - 310968 () - 310968 () - mi31
096& () - M310%6& () - mt_?03109%6& ()310%6& () - 310968 () - mA3109%6& () - mA3109%6
& () - m31098& () - M310%6& () - m0?031096& () 3109%6& () - M310310%6& () - mi310%




&ha | *E 31096& ()- mi3109%6& () - mi456789: ; t X</ )x &Aa
| 31096& () - M31096& () - m31096& () - MA310968 () - MA31096& () - M31096&’ () - m31
09%& ()-mi; <=>?@\Bt X</)x &Aa F-PO3019TB(SG)
| 310%B& () - mMi310%$& () - mMi310%B& () - mM310%& () - ma3109%& () - m4310‘%$& ()-m31
096& () - MBCDEFGHI t X</ ) x &Aa
| 31096& () - m31096& () - m3109%6& () - MA310968 () - m31096& () - m31096&’ () - mi31
0968 () - mALIKL M X</ ) x_ &Aa
| 3109%8& () - m31096& (MM 310908 () - ma310%& () - miI0%BE&' () -|310%& (]) - i3l
09B& () - MMNOP"B&t X<3BPRA& () 0mi310%%&|0) - md/ ) x &Ra 0
| *E PORSTUWI X<310968 BH0YB&| @) - MA31098& () - mA3109%& () - M3L0v%6& () - TH310%
& ()-m3109%6& () - M3IQHER () 1 BAVKYZ[\ | T0X<31098& [3FL096& () {W310%& (|) - m31
098& () - éﬁg%b& ()- ’ndJ.U%b& ,l) TTA3T07%E (5 - I’m\jj_l.‘}id;% () LY eyacaetx 310%&
' 310%B& () mE3109B & () mi3 IO & ()= idST0Y & ()= i3109& ()= mi3109%& () - 31
09%& () - mief gh&t X</ ) x &Aa |*E 310%5& ()-mi310%& () - mihij kl mot X</ ) x &Aa
| 310968 () - MA3109%6&’ () - 310968 () - m31096& () - mi310%6& () - m31096& () - mi31
0%8& () - miopqr shubtXwipxi&Aa in Table 5-9 are as follows:
| 31098& () - mM310%$& () - mMi310%B& () - mM310%& () - mMi310%B& () - mMi3109%$& () - ma3l
098& () - mMivwxyzgk}t Xty erBda
| 310968 () - M3109%6& () - mi31096& () - m31096& () - mi3109%6& () - 310968 () - mi31
098& ()- M}t X</ kX :&Adcrylic acid
| 310968 () - m310%6& () - M3109810%6& () - m310968 () - m3109%6& () - mi( 310968 ()
- A% B&t X<3109%8&urh~ MBI OYEEr ) + 8d @ ¥d &Aa
| *E t X<310968&' 31096& () - m31098& () - m+310968& () - m3109%6& () - mi31096& () - mi3
10968 () - M310%8x () -l XrB 10986 30Y8& () - M31008& () - M310%8& () - m31096&
() - 310968 () - M31008& () - A3109%8& () - mit T4310981096& () - mA310%6& () - 431
0988 () - 31096 OBE £) - 0B ()- mM31096& () -/ )x &Aa
| *E 310%8& ()- ooEr) %@f’%h%‘ {ndhatd
| *E 3109%%& () - /% 431 mMi310%$& () - mi3109%B& () - m310%$& ()-m
1008 () i LIRS RERSL: aM&{&e 2nd
*E 310%& /H& mi 3109 9 & mi310%$& mMi310%$& m
|4310(y$& () - En)ﬂft ;g%é&a aégblslsgbugyégn% P ()- (0)- (0)-
| *E 310%& () - mi3109%8& () - mMi310%& () - mi310%& () - mMi310%& () - mi310%B& ()-m
4310988 () - Mt X< &Aa
|*E 310%& () 310%& () - M31031008& () - M3L0%EE () - MBLO%BE () - M310%8 (
) - ma~ B&t X<3$6988 () Om31098& () -mi/ ) x &Aa

| *E 0S73 lA‘:éq gbﬁéd:ﬁ\l(sbe%t&gj 0B& () MA3T0%& A ) - A3 Q%b& () nl@w%ﬁ&' () - mMi31
098$& () - M3 o731 0“/653J.()ﬁ§569/$&'_( O=m3108& () - 310%$
Aok Bas Ty i & ﬂ“ﬁo;ﬁzéﬁgru e () mo%%&' O=IM310%

0O 221 !

. &2 .
& () -mi3 7D \ o LU WAL 3I310%6&
$& () - Lot PP Bs et () rh 10088 () ) - 431

o9 7

& -k a-334 UL ()-+
0%B& () - rnﬁiﬁrﬁ&mprpﬁwﬁm,@@\ 310988 () - mid1ouse () Jr%m,kg Pouge (V- mi310

.... 9=

9B& () - mgL@rﬁLeroduct B4 0 0 100

| *E 0S7310%B310%& () - m$31098& ()P- mi310%&& () - nﬂ31(ﬁ’/§&' () - N¥810%& () - m31
09%& () - rM@Wh@ﬁq@ﬁdDﬁb@O@Sl BER10YB& (N80M310%8&8B A ) - mi31BBE' () - ni310%%
& ()-mi3109%8& () - m3109%8& () -

kO331098109%$&' () - mM3109%8& () - m4310°/$&' ()-mi310%8& () - mMinB1l0%B&' () - MA3109%%&
()-mMi310%& () - : i oth .

kOB3109810964&’ (%n&é?&%é‘ P BP0 FBECET- M3 TEIEE ) 2 MAE3 10968 () - M31096&
"()-mi310%& () - Mi"B&KOB310%8$&' () - mMi310%8& () -nd/ ) x &Aa

| *E" 0S7310%$310%6&' () - mM$310%$& () - mM3109%$& () - mMi310%b& () - mi3109%B& () - mi31
0%& ()-mM310%b& () mi" %4 +dD7310%310Y810Y$& ()h Md310%$& () - M3109%6& () - n¥43
109688’ () - PFPONEEIOP. 3 FOEETE) SRPopagier with abrasive grains)

gK+31098&' () - mi31098&' () - mi310%& () - minBL0%& () - mi310%8& () - mi31096& ()-m
4310988&' () - m4; Athree—-necked 3-Lseparable flaskequippedwithastirring
?2CxK+3109%8& () MI310%$& () - M3109%& () - mMnB1l0%& () - M310%6& () - M310%8& (
) - 3109 & LademiGHrha BagR+GdnaR ey tstan vedgh t pinwig xegniting aqueous

| *E" JKLIMNOPQX X<3109%$& 310%& () - m310%8& () - mi310%$& () - m310%& () - m310%$
& () - mi31 OB ers-LmG 06 %SEh ¢ u sVIRSR M IIX <TI0 VB &' LB 19068 (bt BOME&ls( ) - 131
09%$& ()-mMi310%& () - mMi310%& () - mMa3109%B& () - M3109%8& () - mMXYZ[\] " _t X<310%&
' 3109%8& () -mM310%B& () - mM310%& () - m3109%B& () - mM310%8& () - m310%b& () - mi31l
09%$& ()-mt_"ab&t X</)x &Aa | *E 310%& ()- m310%8$& () - mibcdf ghij pT8/) x
&310968&' () - Mi310%8& () - M310%8& () - Mi3BOEB&' () - Mi3109%6& () - mMi310%B& () - 31
09%& ()-mij kl mogsul L, 310%& () - mMd310%$& () - mM310%& () - m310%B& () - M310%&
() -mi3109%B& () - mMA310%b& () - muwy{} ~cG+310%& () - mMi310%b& () - mM3109%& ()-n4d
3109%& () - mM310%8& () - mi310%8& () - mi31098&' () - McG+31098&' () - mi31098& () - mi
3100/65& ()- m4310°/$& () m4310°/$& ()-mi310%& () - mM310%$& () - M B&cG+310%$& ()
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| *E t X<310%&' 310%6&' () - mi310%B&' () - mMi3109%8& () - m310%8& () - m310%$& () - mi3
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films) of this invention achieve a high polishing rate and are
excellent in planarization and uniformity with few scratches.
Example 9-1

30 parts by weight of an aqueous dispersion of polyester
resin TAD1000 (glass transition temperature of 65°C, ionic group
816 eq/ton, solids content 30% by weight, manufactured by Toyo
Boseki Co., Ltd.), 40 parts by weight of an aqueous dispersion
of polyesterresin TAD3000 (glass transition temperature of 30°C,
ionic group 815 eqg/ton, solids content 30% by weight,
manufactured by Toyo Boseki Co., Ltd.), 3 parts by weight of
a crosslinking agent Cymel 325 (Mitsui SciTech) and 0.7 part
by weight of a defoaming agent Surfinol DF75 (Nisshin Chemical
Kogyo) were mixed under stirring, and 100 parts by weight of
cerium oxide powder (average particle diameter of 0.2 um,
manufactured by Bicowhiskey) were added successively and the
mixture was stirred so as to be homogeneous. The resulting
coating solution in a paste form was applied by a table-type
die coater onto a polycarbonate plate of 0.4 mm in thickness
(Mitsubishi Engineering Plastics) to form a coating of about
400 pm in thickness. The resulting resin plate was dried for
about 20 minutes in a hot-air oven at 110°C, then cooled and
removed. The resulting coating had a thickness of about 350
pUm on the polycarbonate plate, and by observing its sectionunder

a scanning electron microscope, it was confirmed that the fine
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aggregation. When the resulting coating was subjected to
crosscut tape release, the number of remaining regions was 100,
indicating no release.

Then, this coating substrate was stuck on a polyethylene
foam of 1 mm in thickness (Asker C hardness 52, manufactured
by Toray Industries, Inc.) via a double-tacked tape #5782
(Sekisui Chemical Co., Ltd.) under a loading of 1 kg/mz, and
the other side of the polyethylene foam was stuck cn a
double-tacked tape under a loading of 1 kg/m?, to forma polishing
pad. The adhesion strength between the coated substrate and
the polyethylene foam was examined in a 180° peeling test with
a tensile tester, indicating an adhesion of at least 1000 g/cm.

The polishing characteristics of the resulting polishing
pad are shown in Table 5-12. It was confirmed that the resulting
polishing pad has a high polishing rate, is very superior in
planarization characteristics, and is excellent inuniformity.
Example 9-2

Apolishingpadwas preparedinthe samemanner as inExample
9-1except that TAD2000 (glass transition temperature 20°C, ionic
group 1020 eq/ton, solids content 30 % by weight, manufactured
by Toyo Boseki Co., Ltd.) was used in place of the aqueous
dispersion of polyester resin TAD3000, and ABS resin was used
inplaceof thepolycarbonate as thesubstratecoated. Theresult

is shown in Table 5-12, and it was confirmed that the resulting
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planarization characteristics, and is excellent inuniformity.
Example 9-3
Apolishingpadwas preparedinthe samemanner as inExample
9-1 except that MD1200 (glass transition temperature 67°C, ionic
group 300 eg/ton, solids content 34 % by weight, manufactured
by Toyo Boseki Co., Ltd.) was used in place of the aqueous
dispersion of polyester resin TAD1000, acryl resin was used in
prlaceof thepolycarbonate as the substrate coated, andthedrying
temperature and drying time were changed to 80°C and 40 minutes,
respectively. The result is shown in Table 5-12, and it was
confirmed that the resulting polishing pad has a high polishing
rate, is very superior in planarization characteristics, and
is excellent in uniformity.
Example 9-4
Apolishingpadwas prepared inthe samemanner as inExample
9-1 except that after the polycarbonate substrate was coated,
the coating surface was coated again to a thickness of about

400 um. The thickness of the obtained coating was about 700
Um, and the number of remaining regions in a crosscut tape test
was 100, indicating no change in the coating. It was confirmed
that the resulting polishing pad when used in polishing has a
high polishing rate, is very superior in planarization
characteristics, and 1s excellent in uniformity.

Example 9-5
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9-1 except that a polyurethane foam (Asker C hardness, 55) was
used in place of the polyethylene foam as the cushion layer
attached to the resin substrate. It was confirmed that the
resulting polishing pad when used in polishing has a high
polishing rate, is very superior in planarization
characteristics, and is excellent in uniformity.
Reference Example 1-1
When a polishing pad was prepared in the same manner as
in Example 9-1 except that the aqueous dispersion of polyester
resin TAD3000 was not used, the surface of the polishing layer
had significant cracking after drying. When this polishing pad
was used in polishing, a part of the coating was removed, and
a large number of scratches were observed on a wafer pelished.
Reference Example 1-2
When a polishing pad was prepared in the same manner as
in Example 9-1 except that the aqueous dispersion of polyester
resin TAD1000 was not used, a good coating was obtained but the
surface was slightly sticky. When this polishing pad was used
in polishing, a wafer was stuck on the surface of the polishing
pad, to cause significant vibration during polishing, resulting
in removal of the wafer from the wafer holder.
Reference Example 1-3
Apolishingpadwas prepared inthe samemanner as inExample

9-1 except that the resin substrate was stuck on the polyethylene
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polishing pad, as determined in a 180° peeling test, indicated
that the adhesion was as low as 400 g/cm. When this polishing
pad was examined in a polishing test, the resin substrate coated
with fine abrasive grains was released from the polyethylene
foam layer after treatment of a fewwafers, thusmakingpolishing
impossible.
Reference Example 1-4

Apolishingpadwaspreparedinthe samemanner as inExample
9~1 except that the amount of the cerium oxide powder (average
particle diameter 1.5 Pm, manufactured by Bicowhiskey) was
changed to 500 parts by weight. The resulting polishing layer
was very poor in adhesion and coating strength, and when the
substrate material was bent, the coating was removed, and the
polyethylene foam layer could not be laminated.
Example 10-1

35 parts by weight of an aqueous dispersion of polyester
resin TAD1000 (glass transition temperature of 65°C, ionic group
816 eq/ton, solids content 30% by weight, manufactured by Toyo
Boseki Co., Ltd.), 45 parts by weight of an aqueous dispersion
of polyester resin TAD300 (glass transition temperature of 30°C,
ionic group 815 eqg/ton, solids content 30% by weight,
manufactured by Toyo Boseki Co., Ltd.), 3.5 parts by weight of

a crosslinking agent Simel 325 (Mitsui SciTech) and 0.7 part
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Kogyo) were introduced into a flask equipped with a stirring
blade and mixed under stirring, and 95 parts by weight of cerium
oxide powder (average particle diameter of 0.2 Um, manufactured
by Bicowhiskey) were added successively thereto, and the mixture
was stirred so as to be homogeneous. The resulting coating
solution in a paste form was applied by a table—-type die coater
onto a polycarbonate plate of 0.4 mm in thickness (Mitsubishi
Engineering Plastics) to form a coating of about 400 pm in
thickness. The resulting resin plate was dried for about 20
minutes in a hot-air oven at 110°C, then cooled and removed.
The resulting coating had a thickness of about 350 um on the
polycarbonate plate, and it was confirmed by observing its
section under a scanning electron microscope that the fine
particles of cerium oxide were dispersed uniformly without
aggregation. When the resulting coating was examined in a
crosscut tape test, the number of remaining regions was 100,
indicating no release.
Then, this coating substrate was stuck on a polyethylene
foam of 1 mm in thickness (Asker C hardness 52, manufactured
by Toray Industries, Inc.) via a double-tacked tape #5782
(Sekisui Chemical Co., Ltd.) under a loading of 1 kg/m*, and
the other side of the polyethylene foam was stuck on a

double-tacked tape under a loading of 1 kg/m?, to forma polishing

pad. The adhesion strength between the coated substrate and
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a tensile tester, indicating an adhesion of at least 1000 g/cm.
The polishing pad was subjected to grinding with a rotating
whetstone to form latticed grooves with a groove width of 1 mm,
a groove pitch of 6.2 mm and a depth of 400 pm on the surface.
The polishing characteristics of the resulting polishing
pad are shown in Table 5-12. It was confirmed that the resulting
polishing pad has a high polishing rate, is very superior in
planarization characteristics, and is excellent in uniformity.
Example 10-2
Apolishingpadwas prepared in the samemanner as inExample
10-1 except that TAD2000 (glass transition temperature of 20°C,
ionic group 1020 eqg/ton, solids content 30% by weight,
manufactured by Toyo Boseki Co., Ltd.) was used in place of the
aqueous dispersion of polyester resin TAD3000, and ABS resin
was used in place of the polycarbonate as the substrate coated.
The resulting polishing pad was subjected to grinding with an
ultrahigh hardness bite to form latticed grooves with a groove
width of 2 mm, a groove pitch of 10 mm and a depth of 0.5 mm
on the surface. The results are shown in Table 5-12, and it
was confirmed that the resulting polishing pad has a high
polishing rate, is very superior in planarization
characteristics, and is excellent in uniformity.

Example 10-3

Apolishingpadwasprepared inthe samemanner as inExample
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aqueous dispersion of polyester resin TAD1000, acryl resin was
used inplaceof thepolycarbonate as the substrate coated, drying
was carried out at a temperature of 80°C for 5 minutes, and the
sample was pressed at a pressure of 5 kg/cm’ against a
polytetrafluorcethylene resin mold prepared so as to form a
groove width of 1.5 mm, a groove pitch of 8 mm and a groove depth
of 300 um, and then dried at a temperature of 80°C for 35 minutes.
The results are shown in Table 1, and it was confirmed that the
resulting polishing pad has a high polishing rate, is very
superior in planarization characteristics, and is excellent in
uniformity.
Example 10-4

Apolishingpadwasprepared inthe samemanner as inExample
10-1 except that after the polycarbonate substrate was coated,
the coatedsurfaceof the substratewas coatedagaintoathickness
of about 400 um. The thickness of the obtained coating was about
700 Mm, and the polishing pad was subjected to grinding with
a rotatingwhetstone to form latticed grooves with a groove width
of 1 mm, a groove pitch of 6.2 mm and a depth of 700 pm on the
surface. When the resulting coating was examined in a crosscut
tape test, the number of remaining regions was 100, indicating

no change in the coating. It was confirmed that the resulting

181



110" 10" 10" &<10% & ()- 3 9910% & ()- 7" 10% & ()- 510% & ()-
391 10% & ()-APQ [: NA4 110 Y10% & ()- S 10% & ()- 9110% & ()- 3 & 10% & () -
T10% & ()- LI0% & ()-@|[:NA4 110 MO% & ()- & 10% & (§-POSH 10PBE)) -
109 & ()- y!l10% & ()- s& 10% & ()-S|[: NA4 110 (1 10% & ()-  &l0% & ()-
10% & ()- "9110% & ()- & 10% & ()-  10% & ()-VKk*|[: NA4 110 ,510% & () -
g3MO0% & ()- 1110% & ()- /10% & ()- -10% & ()- * 10% & ()-*gvl4 1
@O0% & ()- 1 10% & ()-10"10"10" &<10% & ()- L9& 10% & ()-

F710% & (poUtbhiMihad whitbdUised )in $b10%hE&nG)hasy alRGE to)l-1 SHikPe-&té) -
1006 & ()- Y | 10%& ()-#V(a|[:vUs 1 0% & ()- 3 10% & ()- 10% & ()-
&10% & (is &éigg@&péfloY 199@&aﬁhr@ihtﬁoML%hira&t&kiQ%ﬁ&s()and+&51096&f()
)z 1048 ()- 3 "1005& ()- %S10% & ()- "& 100 & ()-T|[:vU4 1 F 910%& ()-

Y71098&7(éxc§5m39%6§n(hnlhééﬁiQ & ()- 3 3110% & ()- ,/10% & ()-1vud 1
10% & ()- F :110% & ()- @ 10% & ()- “10% & ()-10"10"10" L<109% & ()-J
I[:vua 1 Qggﬁgg@&lbls & 10% & ()- 110% & ()- 9110% & ()- & 10% & ()-
f109% & ()= F ~ I*I'bl[[:vUs 1 3$10%&'() "10% & ()- 9!10% & ()-

& 10% & &1 /' |||" Tun . .
/!10@6&TE3 -Ilgék %hln Q%/g% fgé%kgﬁ%sgh%nénn%r Pd%ﬁaﬁble

1% () 45/ T %’ﬁ%%g%g?% ’Sqlaix%féagé ifetir apTeRa0aY (e
oo () SRS T 10 %&l&%%‘ﬁ%ﬁ}?ffsthBO%ﬁY;;?iftHEB%&-()-
suow's () b oo Sohitigse (e e be SS At AR bpe

@! 109 & 3 &310% & 110‘V' & ()- /& 10% &
+109% & () g%f(’(’(l@(efi(@) %G@(Z )ﬂa§ hagpp &l(i-g‘ concﬁ%'r&'c(ézﬁ?)lﬂns% %9%89“’8‘5()

having a width of 0.3 mm, a depth of 0.3 mm and a pitch of 3
mm. It was confirmed that the resulting polishing pad when used
in polishing has a high polishing rate, is very superior in
planarization characteristics, and is excellent inuniformity.
Reference Example 2-1

Apolishingpadwas prepared inthe samemanner as inExample
10-1 except that the procedure of forming grooves was not
conducted. The resulting polishing pad was used in polishing,
a wafer could be excellently polished for first few minutes,
but the vibration of the wafer became increasingly significant,
and finally the wafer unable to be maintained was removed.
Reference Example 2-2

When a polishing pad was prepared in the same manner as
in Example 10-1 except that the aqueous dispersion of polyester
resin TAD3000 was not used and finally grooves were not formed,

the surfaceof thepolishinglayerexhibitedsignificantcracking
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10-1 except that the resin substrate was stuck, with no or less
loading, on the polyethylene foam to prepare a polishing pad,
and finally grooves were not formed. The adhesion between the
resin substrate and the polyethylene foam in the prepared
polishing pad, as determined in a 180° peeling test, indicated
that the adhesion was as low as 400 g/cm. When this polishing
pad was examined in a polishing test, the resin substrate coated
with fine abrasive grains was released from the polyethylene
foam layer after treatment of a fewwafers, thus making polishing

impossible.

Reference Example 2-5
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of 150 mg/min. during polishing for the Examples, while slurry
SemiSperse-12manufacturedbyCapotwasdroppedfor the Reference
Examples and Comparative Examples. The polishing loading was
350 g/cm?, the number of revolutions of the polishing platen
was 35 rpm, and the number of revolutions of the wafer was 30
rpm.

(Evaluation of planarization characteristics)
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0.5 umthermally oxidized coatingwas depositedona 8~inch
silicon wafer and subjected to predetermined patterning, and
1 umoxidized coating of p—-TEOS was deposited thereon, toprepare
awaferhavingapatternwithaninitialdifference in step height
of 0.5 um. This wafer was polished under the above-described
conditions, and after polishing, each difference in step height
was measured to evaluate planarization characteristics. For
planarization characteristics, two differences in step height
were measured. One difference is a local difference in step
height, which is a difference in step height in a pattern having
lines of 270 pm in width and spaces, 30 um each, arranged
alternately, and the other difference is an abrasion loss in
the concaves of spaces in a pattern having lines of 30 Um in
width and spaces of 270 pm arranged alternately. The average
polishing rate was the average of those in the 270 jm lines and
30 ym lines.

(Evaluation of scratch)

The number of scratches of 0.2 Um or more on the surface
of the oxidized coating on the 6-inch silicon wafer after
polishing was evaluated by a wafer surface measuring device

WM2500 manufactured by Topcon.
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Industrial Applicability

The polishing pad of this invention can be used as a
polishing pad effecting stable planarizing processing, at high
polishing rate, materials requiring surface flatness at high
level, suchasasiliconwafer for semiconductordevices, amemory
disk, a magnetic disk, optical materials such as optical lens
and reflective mirror, a glass plate and metal. The polishing
padof thisinventionissuitable foruseinthestepofplanarizing
particularly a silicon wafer, a device (multi-layer substrate)
having an oxide layer, metal layeretc. formedona siliconwafer,
andasiliconwaferbefore laminationand formationof such layers.
The cushion layer of this invention is useful as a cushion layer
for the polishing pad. Further, the polishing pad of this
invention contains abrasive grains in the polishing pad, and
thus can be manufactured at low costs without using expensive
slurry. Further, the abrasive grains in the pad are not
aggregated, and thus scratches are hardly generated. According
tothis invention, therecanbeobtainedapolishingpadachieving
a high polishing rate and being excellent in planarization and

uniformity.
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CLAIMS

1. Apolishingpadhavingapolishing layer, characterized
in that the polishing layer is formed from a curing composition
to be cured by energy rays, and the surface of the polishing
layer is formed concave and convex by photolithography.

2. The polishing pad according to claim 1, wherein the
polishing layer has a static friction coefficient of 1.49 or
less and a dynamic friction coefficient of 1.27 or less with
a glass under a loading of 4400 gf.

3. The polishing pad according to claim 1 or 2, wherein
the curing composition comprises a solid polymer compound.

4., The polishing pad according te any of claims 1 to 3,
wherein the backside of the polishing layer is provided with
a cushion layer.

5. The polishing pad according to claim 4, characterized
in that the polishing layer is free of pores and has a storage
elasticmodulus of 200 MPa ormore, and the storageelasticmodulus
of the cushion layer is lower than that of the polishing layer.

6. The polishing pad according to any of claims 1 to 4,
wherein the polishing layer comprises a polishing surface layer
and a backside layer, and the backside layer is formed from an
energy ray-curing composition to be cured with energy rays, and
the backside layer is a cushion layer formed pattern by
photolithography.

7. The polishing pad according to any of claims 1 to 4
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sheet having the polishing surface layer and backside layer

~

formed from a curing composition.

10. The polishing pad according to any of claims 1 to 9,
characterized in that the surface of the polishing layer has
concave and convex to form grooves through which slurry used
in polishing flows.

11. The polishing pad according to any of claims 1 to 10,
characterized in that the surface of the polishing layer has
concave and convex to form grooves in which slurry used in
polishing is stored.

12. The polishing pad according to any of claims 1 to 11,
characterized in that the material to be polished therewith is
a semiconductor wafer or a glass substrate for precision
instruments.

13. Amethod of producingapolishingpadhavingapolishing

layer, characterized in that the polishing layer is produced
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by a photolithographic method comprising:

(1) the step of forming a sheet molding from a curing
composition containing at least an initiator and an energy
ray-reactive compound to be cured with energy rays,

{2) the step of exposing the sheet molding to energy rays
to induce modification thereof, to change the solubility of the
sheet molding in a solvent, and

(3) the step of developing the sheet molding after
irradiation with energy rays, to partially remove the curing
composition with a solvent thereby forming a concave and convex
pattern at least one surface.

14. The method of forming a polishing pad according to
claim 13, wherein the step of forming the sheet involves
laminating an energy ray-permeable substrate on at least one
side of the sheet molding.

15. The method of forming a polishing pad according to
claim 13 or 14, characterized in that the irradiation step
involves layeringapatternfilm (maskingmaterial) havingenergy
ray-permeable regions and impermeable regions and irradiating
the sheet via the pattern film with energy rays.

16. The method of forming a polishing pad according to
anyofclaims13to 15, characterized inthat theenergy ray-curing
composition comprises a photo—-initiator, a solid polymer
compound and a liquid light-reactive compound.

17. The method of forming a polishing pad according to
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any of claims 13 to 16, wherein the transmittance of the sheet
molding at the wavelength of energy rays causing modification
is 1% or more.

18. A method of producing a polishing pad provided with
a polishing layer comprising a polishing surface layer and a
backside layer, both of which are formed continuously into one
body made of a curing composition to be cured with energy rays,
saidmethod comprising the steps consisting of forming the curing
composition into a sheet molding, exposing the sheet molding
with energy rays via masking materials arranged respectively
onthe surface forming thepolishingsurface layer and the surface
forming the backside layer, and developing the sheet molding
to dissolve and remove the uncured curing composition to form
a concave and convex pattern thereon.

19. A method of producing a polishing pad provided with
a polishing layer wherein the polishing layer is provided with
a polishing surface layer and a backside layer formed
continuously into one body, and the hardness of the polishing
surface layer is higher than the hardness of the backside layer,
and the difference in hardness in Shore D hardness is 3 or more,

said method comprising the sheet-forming step of forming
a sheet molding of a curing composition to be cured with energy
rays and the curing step of forming a difference in hardness
by applying energy rays.

20. Apolishing pad comprising at least a polishing layer
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and a cushion layer, characterized in that the difference in
hardness in Shore D hardness between the polishing layer and
the cushion layer is 3 or more.

21. Apolishing pad comprising at least a polishing layer
and a cushion layer, characterized in that the polishing layer
has no pores and has a storage elastic modulus of 200 MPa or
more, and the storage elastic modulus of the cushion layer is
lower than that of the polishing layer.

22. The polishing pad according to claim 20 or 21,
characterized in that the surface of thepolishinglayer is formed
with grooves through which slurry used in polishing flows.

23. The polishing pad according to any of claims 20 to
22, characterized in that the surface of the polishing layer
is formedwithgrooves inwhichslurryusedinpolishingisstored.

24, The polishing pad according to any of claims 20 to
23, wherein the material to be polished therewith is a
semiconductor wafer or a glass substrate for precision
instruments.

25. A cushion layer for a polishing pad comprising a
polishing layer and a cushion layer, characterized in that the
compression recovery is rate 90% or more.

26. The cushion layer for a polishing pad according to
claim 25, characterized by containing a compound having rubber
elasticity.

27. The cushion layer for a polishing pad according to
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claim 25 or 26, characterized by being concave and convex on
the surface thereof.

28. A polishing pad comprising a polishing layer having
abrasive grains dispersed in a resin, characterized in that the
resin is a resin containing ionic groups in the range of 20 to
1500 eqg/ton.

29. The polishing pad according to claim28, characterized
in that the resin forming the polishing layer is a polyester
resin, and the proportion of aromatic carboxylic acids in the
whole carboxylicacidcomponent constituting thepolyesterresin
is 40 mol-% or more.

30. A polishing pad comprising a polishing layer having
abrasive grains dispersed in a resin, characterized in that the
main chain of the resin is a polyester containing at least 60
mol-% aromatic dicarboxylic acid in the whole carboxylic acid
component, and the side chain of the resin is a polymer of radical
polymerizable monomers containing hydrophilic functional
groups.

31. A polishing pad comprising a polishing layer having
abrasive grains dispersed in a resin, characterized in that the
main chain of the resin is polyester polyurethane based on a
polyester containing at least 60 mol-% aromatic dicarboxylic
acid in the whole carboxylic acid component, and the side chain
of the resin is a polymer of radical polymerizable monomers

containing hydrophilic functional groups.
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32. The polishing pad according to any of claims 28 to
31, characterized in that the specific gravity of the resin
forming the polishing layer is in the range of 1.05 to 1.35,
and the glass transition temperature of the resin is 10°C or
more.

33. The polishing pad according to any of claims 28 to
32, characterized in that the resin forming the polishing layer
is a mixture of a resin having a glass transition temperature
of 60°C or more and a resin having a glass transition temperature
of 30°C or less.

34. The polishing pad according to any of claims 28 to
33, characterized in that the average particle diameter of the
abrasive grains is 5 to 1000 nm.

35. The polishing pad according to any of claims 28 to
34, characterized in that the abrasive grains are made of at
least one member selected from the group consisting of silicon
oxide, cerium oxide, aluminum oxide, zirconium oxide, ferric
oxide, chrome oxide and diamond.

36. The polishing pad according to any of claims 28 to
35, characterized in that the content of abrasive grains in the
polishing layer is 20 to 95% by weight.

37. The polishing pad according to any of claims 28 to
36, characterized in that the polishing layer has voids.

38. The polishingpad according to claim37, characterized

in that the average diameter of the voids is 10 to 100 um.
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39. The polishing pad according to any of claims 28 to
38, wherein the polishing layer is formed on a polymer substrate.

40. The polishing pad according to claim 39, characterized
in that the polymer substrate is a polyester sheet, an acryl
sheet, an ABS resin sheet, a polycarbonate sheet or a vinyl
chloride resin sheet.

41 . The polishingpadacceording toclaim39, characterized
in that the polymer substrate is a polyester sheet.

42. The polishing pad according to any of claims 28 to
41, characterized in that the thickness of the polishing layer
is 10 to 500 Mm.

43. The polishing pad according to any of claims 39 to
42, characterized in that the polymer substrate having the
polishing layer formed thereon is constituted so as to be
laminated with a cushion layer of softer material than that of
the polishing layer.

44 . The polishingpadaccording toclaim43, characterized
inthat thecushionlayer is60or less interms of Asker Chardness.

45. The polishing pad according to c¢laim 43 or 44,
characterized in that the laminated cushion layer is a polyester
fiber nonwoven fabric, a polyester fiber nonwoven fabric
impregnated with polyurethane resin, a polyurethane resin foam,
or a polyethylene resin foam.

46. The polishing pad according to any of claims 43 to

45, characterized in that the thickness of the polishing layer
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is 250 uym to 2 mm.

47. The polishing pad according to any of claims 39 to
46, characterized in that the adhesion strength between the
polishing layer and the polymer substrate is 90 or more in terms
of the number of remaining regions in a crosscut test.

48. The polishing pad according to any of claims 43 to
47, characterized in that the polymer substrate and the cushion
layer are stuck via an adhesive or a double-tacked tape.

49 . The polishing pad according to any of claims 43 to
48, characterized in that the adhesion strength between the
polymer substrate and the cushion layer is a strength of at least
600 g/cm in a 180° peeling test.

50. The polishing pad according to any of claims 28 to
49, characterized in that the polishing layer is formed with
grooves.

51. The polishing pad according to claim 50, characterized
in that the grooves are latticed.

52. The polishing pad according to claim 50 or 51,
characterized in that the groove pitch is 10 mm or less.

53. The polishing pad according to any of claims 50 to
52, characterized in that the grooves are in the shape of
concentric circles.

54. The polishing pad according to any of claims 50 to
53, characterized in that the depth of the grooves is 300 um

Oor more.
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