Description Title of Invention: POLISHING PAD AND MANUFACTURING METHOD THEREFOR
Technical Field The present invention relates to a polishing pad, and more specifically to a CMP
polishing pad for a semiconductor device. Background Art Since surfaces of materials such as silicon,
hard disks, 10 mother glass for liquid crystal displays, and semiconductor devices need to be flat, the
surfaces are polished by the loose abrasive method using a polishing pad. The loose abrasive method
is a method in which the work surface of apvorkpigee:is polished while a slurry (polishing liquid)
containing 15 abrasive grains is supplied between a polishing pad and the workpiece. Ina
polishing padfb? aemicBRgicter device, the surface of the polishing pad is required to have openings
for retaining akrasive grains, ﬂg@i%ﬁ&rﬁ%r&g{ f%ﬁ%go %§5r§ace of e semiconductor
device, and elasticity for preventing scratches on the surface of the semiconductor device. As a
polishing pac-meeting thesel kequirements, a polishing pad having a polishing layer manufactured from
a urethane resin foam has been used. 25In general, a urethane resin foam is molded by curing a
prepolymer contaifihg &t SOtYanate Groip-contdining Conibihd Gaset dR a reattior With a curing
agent (drymethod) Jhen; apolishing padis-formed:by slicing this foam into a-shieet shape. In a
polishing pad (hereinafter, abbreviated as 30 hard (dry) polishing pad in some cases) having a hard
polishing K&§eét ffolded by the dry method as described above, relatively small and substantially
spherical q@glilgkgr(]esg%@lm%e%irnéide_the foam during .the curing apd molding of the urethape _resin. Hence,
openings (pores% capable of retaining a slurry during 5 polishing are formed on the polishing surface of
the polishing pad fermed by thesslicing £ ma Hdrethane sesin toams having, celk (airdhubbie) diameters of
100 um or less and around 30 um have been mainly used as materials of polishing pads for a

semitdndiaor Gévite 38 Far 26 (Patént Literatdre ). I drivh, i manfybsea drethahe resin foams
have type Ahardoesses 9170 degrees or.higher, and.type, D.hardnesses:of 45 o higher (Patent

Literatures 2 and 3). The mainly used urethane resin foams have densities 6f 0.5 g/cm3 or higher
(Patent LiteFaterel Yramd; rbgarding 15 the slasticity) have storagéietasticanedulbotseveral hundred
megapascals or higher (Patent Literature. 4). inly employed longitudinal elastic modulus (Young's
modulus) fg%tgboldpﬁsorghi@ gﬁl atéht L e%%@rrg%.&ﬁgﬁf%% ae(%bgve-%ie":%T(g,?riiflﬁz)%)dl mainly used
urethane 20sresinifoamss physical properties of urgthane resin foams have hean-improved from the
viewpoints of the bulk density, the type A hardness, and the hard segment content (HSC) (%) in order
to redtice WeaRRg Y& an dpprépridte Uegree and-stabifize tie polishing perforfancs (Ra@nt Literature
6). MoreO\(,c;CgT%é> pglishing pads are also reported whose storage elastic moduli are adjusted to be
within predetermined ranges in order to reduce the occurrence of scratches (Patent Literatures 7 and
8). In addition, a pplishirg: pad has been repoarted whosedype: 30 Adwardness and:compression
elastic modulus are improved by making the phase separation structure clear (PatentF Literature 9).
The clear GHAS 560 Ao st IbrE b e By JRWATRTG the ESEBHERLAROUTRE of a
crystalline phase (ks anipterface-phase (M), and;an amorphousfhiased S)and-the-5 spin-spin
relaxation times (T2) thereof from a free induction decay signal (FID) of pulsed NMR, and optimizing
the T2 and’thé Beniporert arméunt of 358 M- esmponent. dnBicoversa pslishinglpad hasteen reported
whose dressi rties. are improyed, while its hi rdness is retained (Patent Literature 10). 10
This polisfﬁr?gg g%gse % tal%n%aab%(ﬁﬁst%gvt#g %ati%%?%%%%ar%iseﬁ F?]eéntséerﬁéggr?ﬁﬁca# foamed
polyurethanewdetermined by putsedddMRymeasurement ta;5% te: ¢8%rand thus.achieying
characteristics such as hardness, low tensile break strength, and low elongation. 15Citation List Patent

LiteraturefOllShlng pad having a polishing layer manufactured from a
urethane resin fcam has been used.

25 In general, a urethane resin foam 1s molded by curing

a prepolymer containing an 1isocyanate group-containing

compeund based cn a reacticn with a curing agent (dry method) .

Then, a polishing pad is formed by slicing this foam into a

sheet shape. In a polishing pad (hereinafter, abbreviated as

30  hard (dry) polishing pad in some cases) having a hard polishing



Patent Literature 1: Japanese Patent No. 4338150 Patent Literature 2: Japanese Patent No. 3924952
Patent Literature 3: Japanese Patent No. 3788729 20 Patent Literature 4: Japanese Patent No.
3983610 Patent Literature 5: Japanese Patent Application Publication No. Hei 10-6211 Patent
Literature 6: Japanese Patent Application Publication No. 2010-58194 25 Patent Literature 7:
Japanese Patent Application Publication No. 2006-114885 Patent Literature 8: Japanese Patent
Application PyblicationiNe..2009:25647 31 t RatenkLierature s Japanese Ralent Application
Publication 30No. 2010-82719 Patent Literature 10:Japanese Patent Application Publication No.
2010-240F7T2Sunfmdry o fivention Bbjeebtoetid solvetsHowever fthengsbve:deseribée dry polishing
pads are s%i%%lr%uapgntengﬁ% agelyia}lr%re ilﬂre to-a,wo kpg%etipl 2 I%%ge!i Egr}rgar}:nesr.. Hence, the dry
polishing pads are unsaﬁsfactory in terms of reduction of polishing scars scratchese) formed on the
surface ofrawerkpiege: 1a aglditian, A9thecdry golishing pads: still have asareblemdat higlypossibility of
clogging. For this reason, in general, after polishing with a hard polishing pad molded by the dry
methdd, it??ﬁéé&s‘é?y%?ugﬁﬁﬁf‘%@rfb?n?ﬁﬁiﬁ%&l?&ﬁﬁ@ by Using @ polisthifRgvdd AAVIRG a soft
polishing layer mglded by.a wetmethod {in the 15 wet method, a resin solution obtained by dissolving
a resin in a water-miscible organic solvent is applied onto a sheet-shaped film formation substrate, and
then the resin is coagulatedcand segeheratedinahraguedds coayulating liguid)l @rethersther hand, a
polishing pad ing. a soft polishing 20 layer molded by a wet method has a low hardness, has large
openings 6f a gﬁ\gd g ?ypoejf a%%ﬁﬁgasa%l%oﬁ %ﬁﬁ%@mgga%ﬁéﬁﬁ&ﬁ rr(::'g For these' afleyasif)sr’%?Ejaﬁlﬁwough
polishing using:theapelishingjpadshavingeaseft pelishing layer achieves- better pelishingrate and
polishing uniformity (gniformity: followability of the pad 25 surface to waves and warp of a workpiece)
than Pblishing t&fg & potisRinggsad havingladdrd polishing rayer holdet B Hi§ ethéd, the
polishing pacthaving 2.s0ftRolishing. vt yiasdhe fallowing preblam, Specifieally, begause of ts
anisotropic cell shape, the state of the openings on the surface 30 changes due to wearing, or a
low-density portiorpef the: polisking 4¢ayer fat &5l owerpostienthefe ofis tofnidff ddence; the polishing pad
having a spft(goéishin%#? er cannot retain a poléshin% state at a_certain level for a IQQ%T%eriod. Hence,
there is a fe&d 10r'a polishing pad whTcH can be 5 iSed &b for fiRiSA Mi‘éﬁi%e,%ﬁl‘e king

advantages:of@, polishing pad having.a poliskiagdayer-moelded:y a drymethed. - »The present
invention has been made in view of the above-described problems, and an object of the present

inverfion i§ %6 provitie ‘& poishing Fad Whicty frembdiids! thé 20 preblemssrserateHas skctffring when a
oo R oL g o oyl i i pRAr s
manufactusing Imethod. theréfordis Means for isohing).thesobjecting ' § madhieve thesabove object, the
present inygntion empioys the following configurations.s,,
Apart from the above-described mainly used urethane
20 resin foams, physical properties of urethane resin foams have
been improved from the viewpoints of the bulk density, the type
A hardness, and the hard segment content (HSC) (%) in order
to reduce wearing to an appropriate degree and stabilize the
polishing performance (Patent Literature 6). Moreover,
26 polishing pads are also reported whose storage elastic modulil
are adiusted to be within predetermined ranges in order to
reduce the occurrence of scratches (Patent Literatures 7 and
8Y.
In addition, a polishing pad has been reported whose type

30 A hardness and compression elastic modulus are improved by



1. A polishing pad for polishing a semiconductor device, comprising a polishing layer having a
polyurethane-polyurea 20 resin foam containing substantially spherical cells, wherein when a free
induction decay signal (FTD) of the polyurethane-polyurea resin foam obtained by pulsed NMR is
subjected to waveform separation by sequentially subtracting components in descending order of
spin-spin relaxation time 25 T2 based on a least-squares method, and thus divided into three
components, of L (amorphous.phase), M (intedface phase) -and, S (arystalling phase)dn descending
order of spin-spin relaxation time T2, the M-component has a spin-spin relaxation time T2 (hereinafter,
referred to%ds T25 iresome: edsex) of $60:80t0r260Lps, st rutheupelyurethandépohrsedresin foam has
a storage Eeﬁla tiquiodulus%of lto quﬂfa, thg sr'% raq)efelastgg: mgdgﬂlys E' beﬂn% me;?éured at 40C
with an initial gacrinoﬁﬁa, a s?rﬁﬁz?gﬁg‘e oFO?(s{i {0 0%, and acﬁ%%sﬁrlﬁ&?r%q%e%cﬁ ofU.2Hzin5a
tensile mogdeg, ard < » £ dhe pphasethame-pohntea resindeam has adenrsity 3 jn atangefom 0.30 to
0.60 g/cm3. 2. The polishing pad according to 1, wherein the ratio (hereinafter, referred to as
Cm irPsomé’¢asesy 10 6ﬁth%"ﬁ%%b6ﬁ€ﬁ%ré§%ht i HeereSin FoantisTh Serang& fror55 to 80% (%
by mass), and.,, <anX.valye determined by X=T2m/D 5,19 afange from 350,10 §00., 3. The
polishing pad according to 1 or 2, wherein 15the polyurethane-polyurea resin foam has an average cell
diameter ofi12@ tont85 pnt. 4rThe polishihg Packagoonging 10 dlnyremeof-l @ By whengindhe
polyurethanaeépglggr%ae resin foam h%s tggg hardness of 20 to 55 degrees. 20 5. Th%polishing pad

according 6 anyone of T tzdef,ovgﬁeer in the po yﬁ?estﬁéﬁg-gdﬁgﬁr%ratrle%ﬁl foarm A4S s Yfp D hardness

of 5 to 35 degrees: s Thepolishing:pad aceording:tany one ©f Ators, whereinya layer harder than
the polishing layer is laminated on 25 a surface of the polishing layer, the surface being opposite from

a polishing Surfade f el pslishing leye? 72 AYREthGY forimanifastiriig thetpslishing pad according
fo any one a1 0le- Metbod comprising; «ooned RISPATAEN 16 ol prepaing.Ansocyanate 30
group-containing compound (A), a polyisocyanatc, compound (B), a polyam ne compouhnd (D), a
mixture liquidi (&) comprising avateresfoam stabilizer; and @¥eaction catalyst, aaridia gasdon-reactive
with all the components; a mixing step of mixing at least the isocyanate 5 group-containing compound
(A), the pofyfi§dcyahate ESmpouRdTB) thé polyaiiifie coipotind (DY, the mixtiile igdid (E) comprising
the water, theifoam, stabilizes +and, the reaction catalyst, and the gas non-reactive with all the
components with each other to obtain a mixture liquid for molding a foam; 10a foam-molding step of
moldifig a pélyaisthané-pdlyurea resin foam from the mixture liquid for molding a foam; and a
polishing layer formation step of forming a polishing layer having a polishing surface for polishing a
workpiece%\régarr? rtﬁ'e %3%/%?& grliee-sbolyurea resin foam. 15 8. The method for manufacturing the
polishing magdraccordibgde &, wherein Japanese Patent No. 4338150
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in the preparation step, a polyol compound (0-2) is further prepared, and in the mixing step,
the polyol compound (0-2) is mixed. 20 9. The method for manufacturing the polishing pad according
to 8, wherein in the preparation step, the polyamine compound (D) and the polyol compound (0-2)
are prepared, with the equivalence ratio of amino groups of the polyamine compound (D) to the sum
25 of the chemical equivalents of the amino groups of the polyamine compound (D) and hydroxyl

groups of thepolyol compoynd (Q-2) (thg chemical.equivalgnt of actiye hydragen grups) being 0.70 to
0.97 (the amino groups/(the amino groups+the hydroxyl groups)). 30 10. The method for

manufactuFing the polishing padzdccordiag /to’any one of 7 to 9, wherein

thepolyam'g1ecom oung(%)isacr de methylenebis(o-chloroaniline) (MOCA) which is a mixture of
monomer &nd multimérs of MOCA @hd which contains the multimers 5 in an amount of 15% by mass
or more. 13 The method forgmanutacturing the polishing pad according to 8 or 9, wherein the
polyol compound (C-2) is poly(tetramethylene glycol) or poly(propylene glycol) having a number
average 10 molectiar #éight of 560 #5060, Brcimbktre théreop Advahtdgeons Effeatsof Invention

Since the polishing,pad of fheyresent iavention nas a1 gt the M.campanent of pulsed MR within

the moderate range and has moderate dressing properties, scratches due to 15 clogging of opening

portions aredesd likely toercaused. Intaddition, because:of the tow storage elastic madalus, the

strong pressin%lrif% suppressed, and scratches are less likely to be caused. Because of the density in
e

the low range: tive pofishifng pad Bf the Presefitinventioh is 85fte? thah Do cohvehtictat pdlishing pads
for a semicendugtordevice ;Bgeause ehthe high-prosity (ovy density), scars dug te clpgging are also

less likely to be formed. Moreover, since the polishing pad of the present invention is softer than
polishthg paus RavirtPpolishiny 18yers mblded by corverton=25 dry ethiodss thelpalishing pad is

excellen.t aé%oé@ gg&gmgg raﬁ% d’gr%ggli%igg&p}iforrtﬁnit -;M?%@W@& sirnc% Rhiesgolkshivgg Hﬂad pf the
present invention is°dry-molded, the polishing pa unit ergoes less cﬁan%e in cell diafmeters in the
depth direetiomrd polishing pad molded by the dry method, it is necessary
to further perform finish polishing by using a polishing pad
having a soft polishing layer molded by a wet method (in the
15  wet method, a resin solution obtained by dissolving a resin
in a water-miscible organic solvent is applied onto a
sheet-shaped film formation substrate, and then the resin is
coagulated and regenerated in an agqueous coagulating liguid).
On the other hand, a polishingpad having a soft polishing
20  layer molded by a wet method has a low hardness, has large
openings of a suede type, and has a non—-uniform foam structure.
For these reasons, although polishing using the polishing pad
having a soft polishing layer achieves better polishing rate
and polishinguniformity (uniformity: followability of the pad
25 surface to waves and warp of a workpilece) than polishing using
a polishing pad having a hard polishing layer molded by a dry
methed, the polishing pad having a soft polishing layer has
the following problem. Specifically, because of its
anisctropic cell shape, the state of the openings on the surface

30 changes due to wearing, or a low-density portion of the



than the wet-molded polishing pads. Hence, the polishing pad 30 of the present invention can retain a
constant polishing state for a long period.Therefore, although dry-molded, the polishing pad of the
present invention can be advantageously used for both primary processing and finish processing. Brief
Explanation of Drawings 5Fig. 1 shows a cross-sectional view (left) of a polishing pad showing an
embodiment of the present invention and a cross-sectional view (right) of a polishing pad

(Comparafive Example 1) haviag a polishing Jayer dryrmelded by a capventienal techpigue. 10Fig. 2 is
a diagram schematically showing a time-free induction decay signal curve obtained by measuring a

polyurethafiesrasin: by alplised hutiearfiay ictit fezohanée rrethod cand wipvds bbtairied by
waveform eB%rg{igg of %Egc[vhg igtco an gg}g{g@g@&@g& @bcog\p g%nt) an ;ang%rface phase (M 15
component), and a crystalline phase (S component) ased on the di ereﬁcg in SpiN-Spin relaxation
time by using a leastssguaresimethod. Desetiption of Embodiments pad wiHereinafterrembodiments
for carrying out the present 20 invention are described. "Polishing pad" The polyurethane-polyurea

resin foam & EhatactBrized iff thatwhén a'frée ductibn dechy Sighal tEIDY draRe 25°F
polyurethgnespalyyrea resinifaam pbtained by:pulsed NMR ig subiected to wayefarm separation by

sequentially subtracting components in descending order of spin-spin relaxation time T2 based on a
least-squares metfio¢, andethas dividedeinto threééomporentsietle (amorpheus phiasehaM (interface

phase), angD%Q,g_Qgr Sstalli%%Bhasez}#rahdescendig% orger of the s;%in-gggin trﬁlaxation time T2 (when it is

difficult to separate t eclﬁlcompoﬁ(]-:-:n nd the | CEt:omponnent rom each other, the ¥otar’of the M

component andihe drcompanent isskegarded as the Miegmpaaenthithe M eaamponenthas a spin-spin
relaxation time 5 T2 (hereinafter, sometimes referred to as T2m in some cases) of 160 to 260 ps,
the pBlyurethaRéSoldres s feam I & Stordgélélasiic TREdaES E°bf1 tor30IMIE the storage

elastic mogulus L;/;being measurgd at 40G, with aninitial load.0f,10 g, a sirain, 10 range gf 0.01 to 4%,

and a measuring frequency of 0.2 Hz in a tensile mode, and the polyurethane-polyurea resin foam
has a densitydl ind farigefpomQ.80:1e 0:60 giem3vwThe poharettranespalyfivea nesindoam means a
resin foam 15 having at Ielast R/yo urettgar%e boqu or more, a%d at Iefst tk\l/v,o urea bonds or more in its
molecule. Th& Bolyurethana poiyiitea résin foan of the present ifvention carf be Mahufattured from
an isocyanaie group-gentaining eampound fermed by reacting a polyisocyanate compound with a

polyol compound, a
156 Means for solving the object
To achieve the above cbject, the present invention
employs the following configurations.
1. A polishing pad for polishing a semiconductor device,
comprising a polishing layer having a polvurethane-polyurea
20  resin fcoam contalning substantiazlly spherical cells, wherein
when a free induction decay gignal (FID) of the
pelyurethane-polyures resin foam cobtained by pulsed NMR is
subjected to waveform separation by sequentially subtracting
compeonents in descending order of spin-spin relaxation time
25 T2 based on a least-sguares method, and thus divided into three
compenents of I {amorphous phase), M (interface phase), and
5 (crystalline phase) in descending order of spin-spin
ralaxation time T2, the M~component has a spin-spin relaxation

time TZ (hereinafter, referred to as T2y in some cases) of 160

30 to 260 us,



20 polyisocyanate compound, a polyamine compound, and a mixture liquid comprising water, a foam
stabilizer, and a reaction catalyst (hereinafter, abbreviated as an aqueous dispersion in some cases).
In addition, the substantially spherical is a concept 25 meaning an ordinary shape of cells (a shape
which is isotropic, and is spherical, elliptical, or close to any of these shapes) present in a foam
molded by a dry method (see Fig. 1). These cells are clearly distinguished from cells contained in a
foam molded by a wet [ e anisotropic, g ve structure in. which the diameter
increases from a p%illl%h?r%gq%%egr% Eu%?a%ée c@%lﬁ%ng?%% %o af%gﬁomgp%ortiaon %h)@éorggﬁ v (Pulsed
NMR) chhespulsedddMRimedsurémentiss 6onductedhby wsing:a putdedsNMRrueasurement
apparatuségr\gM-M1325 manufactured lg}éJE,OL Ltd., 5 25 MHz) by the solid echo method with 90
pulse of 2.8 pSrEpetliSATIATE 4 3" niimbel of ScaRs! 8- ahd tehfifttatird 48007 ST Sinte the solid
echo methpd-has alreadysheen,well known, detailstheref are omitted..The: selid egho method is
mainly 10 used for measuring samples having short relaxation times, such as glassy or crystalline
polymers. n ¢ frietRod\epparémemoval of dead time is conducted. This method is a 90x-T-90y
pulse method in v;/?ch twa 90 pulses are applied with a phase change of 90. When a 90 pulse is
Bplied n 15 the YCasis Torton S Hoe oot et ey (FIoy Ganal 5 SoSSHet S, diad tme.
When a secondr@f:puisers appliedtin the gaxig direction at a time T. where the FID signal has not
decayed, the directions of magnetization are made the same at a time of t=2T, and an echo appears.

The obtairfed echd 64n BB bESAbpt8xinited HECATEY signaltaftéi™s 66 Pulse. A method has been
already well known in.whieh the relatignship between physical properties, the, phase separation

structure, and the composition is analyzed based on the analysis results of pulsed NMR. When the
free iHuction 25d¥cay(FID)ssignalrebtained bytpuised NMREisssubjected toneavefofmaseparation by
sequentially_subtracting components in descending order of spin-spin relaxation time T2 based on a
Ieast-squa%gs%%f%sdf thf:ec’ frigg iﬁnéluscst?o’n (%%%y (FID) signal can be divided into three components. A

component having:=30 & leagyelaxation:time:is a-compongnt Raving ahighnmebility,yWikch is defined
as an amorphous phase; a component having a short relaxation time is a component having a low
mobility, whitistefined as a crystal phase; and a component having an intermediate relaxation time

is defined as W@t%@fgm ('g Itjs gggggl&gq@e%aﬁe the ipterface hhase component and the
amorphous phase component from each other, thése componenfs are anaflyzed as an interface phase
compgénent). By usihg @ caleulation Jormupla basedonasGaussian fursctionzare-a doreatzian function,
the component amount of %ch 10 component can be determined (see, for example, "Characterization
of PolyurettiaeR&Sin U ir?g Pulsg l\fo1\%§ and High Resolution Solid-State NMR" (DIC Technical

Review, N4127pp. p40 1212006))-The detailsiofhe pulsed NMR sreasurementaeasifollows. 15
First, a glass tube having a diameter of 1 cm filled with a sample cut into pieces of about 1 to 2 mm
square to a heightefa &2 by iseplagas mpaiagetic fieRii anditherelaration béhador bf

macroscomg%%%egizggoggs rpgaggre&e%fg%re%high-freq_uency pulse mggn(_atic field i_s applied._ As_a
result, 20 a free induction decay (FID) signhal can be obtained as shown in Fig. 2 (horizontal axis: time
(us), Mertical aXisefree L ishing pad according to any one of 1 to 4, wherein
the polyurethane-polyurea resin fcam has a type D
hardness of 5 to 35 degrees.
N 6. The polishing pad according to any one of 1 to 5, wherein
a layer harder than the polishing layer is laminated on
Zb  a surface of the polishing layer, the surface being opposite
from a polishing surface of the polishing layer.
7. A method for manufacturing the polishing pad according to
any one of 1 to &, the method comprising:
a preparation step of preparing an isccyanate

30 group-containing compound (A}, a polyilsocyanate compound (B),



induction decay signal). The initial value of the obtained FID signal is proportional to the number of
protons in the measured sample. When three components exist in the measured 25 sample, the FID
signal exists as the sum of response signals of the three components. Meanwhile, the components
contained in the sample are different from each other in mobility, and hence different from each other
in decay rate of the response signal and in spin-spin relaxation time T2. For this reason, 30 the FID

signal can be divided by theJeast:sauares methad.ipto, three gorponsnts, namely, ap amorphous

iy

phase (L component), an interface phase (M component), and a crystalline phasé (S component) in
descending oriderrof spirspinietaxatieomtime: T2-(seetFign2).cEieamorphous phase igza& component
having 5 hi%h molecular mobility; the%?rystalline hase is a component having low-molecularmobility;
and the intérmetdate %%%epo‘ﬁé%is e iﬁt}é?fa%g%f%%%??gr the above-described pulsed NMR, the
solid echo method; angh therspin=spin relaxation.time, T2 feference caprhe made.10 { Japanese
Patent Application Publication No. 2007-238783 (especially, Paragraphs [0028] to [0033] ) . The
"spin-8pin FEIARBHG Tifrel(TR)gis ¢REaHEs"ah ifdex dilifolacular robiliy el &fargerngmeric value
indicates a higher_mobility. eneral lline phase a low,15 mohility, and ce a short T2.
In contrast,(Baﬁ'amtc?l;gholgljuéé1 hagsEQ%as%%fg%%ﬁz. Wit )ihcrg%e in'mo 1(31(7:"rﬁalarki v@é%ﬁtaofqﬁg did, the
mobility increases samd;then &2 waluerincreasesSoam sthecreasan whyathe spir-spixrrefaxation time T2 is
indicative of molecular mobility can be understood from the 20 relationship between the T2 and the

correlation“fima 1&0f niUtECUIAT MBHGRCTRESFE FépRdentd dn-averige Hiine AEWhicH hidlecules in a
mobility stategollide, with.eachrather, and;it isknawn that the value pf the 12 decreases with the
increase in-CCinaninverselyproportionalmanner. This indicates that 25 the 12 is shortened with the
decréfse in moleculaeminbility. c1 n A6 ponert aount(phase ameir)ss e percentage (8 by
mass) of eraé:hiprpaggalann% gouremjagemq%{caoun%ees tHrduer s h?: 1%Oqf h% amaorgggus, ph%%e decreases
and as the ratio of the amorpﬁous phase ecreases. Ina (ﬁtlon, asthe Tnterfacé 30 p%ase decreases,
the phase separatiopbetweemthe erysialline rphasenand dhe amerpheusphage are motg clear in the
structure, and the elasticity characteristics are more resistant to strain. In contrast, as the interface
phase increa¥&s, e phase 88garation betvebhthe crystating phaseand’the 54mdrpABus phase is

less clear inthe stiucture, and delayed slastic characteristics are exhibited. (Spin-spin relaxation time

T2m) When a free induction decay signal (FIR) of the polyurethane-polyurea resin foam of the
presént inventidre10obtained by pulsedt NMR isi sybjebte doto Waveform iseparationtioyi sequentially
subtractin% cor:ppongnts in descending order of spin-spin relaxation time T2 based on a least-squares
method, and thuds divided into three components of L (amorphous phase), M (interface phase), and S

(crystalline phase)in deseendiag 150rdenofdhespinsspin rglaxation-time 12 (whep)it is difficult to
separate the M component and the L component from each other, the total of the M component and
the L comporiertas régaraed aethé Micomponent), the M-component has a spin-spin relaxation time

T2 (hereinafter, alsq referred to,as T2m)-of 160.tp 260,20 ps, preferably.160 to 250 ps, and more
preferably 180 to 240 ps. If the T2m is shorter than the above-described range, the polishing uniformity

detedbrates, Qi thenothier fhandyifithaer T 264s longes thare tireodbeve-dgserive dirangesl ingderate
dressing p{%pegrfie% gggggtnbe obtained, and scratches tend to be formed
in the preparation sztep, the polyamine compound (D} and
the polyol compound (C-Z) are prepared, with the eguivalence
ratio of amino groups of the polyamine compeound (D) to the sum
256  of the chemical equivalents of the amino groups of the polyvamine
compound (D) and hydroxyl groups of the polyol compound {C-2)
{the chemical eguivalent of active hydrogen groups) being 0.70
to 0.97 (the amino groups/(the amino groups+the hydroxyl
groups) ) .

30  10. The method for manufacturing the polishing pad according



25 because of clogging of opening portions. In the above, the expression "it is difficult to separate
the M component and the L component from each other" means a case where the
polyurethane-polyurea resin foam cannot be divided into three components in dividing the 30
polyurethane-polyurea resin foam in descending order of T2. This is because the present invention
relates to a soft urethane, and hence the ratio of the amorphous phase is inherently high, and the
interface phase behayes in-a-similamanner-to; that of the amorphous phase. However, since the
interface phase 5 is never absent, these components are treated not as an amorphous phase but as
an interface phase: {Storagecélastic- rodulus Epoundn DesGription ard Claims, therstdeage elastic

modulus E |strgefg%ré%jiacco“rgwg to JIS 4 I%acgL %Oof 10.g, & strain range of 0.01

7244-4 with.an initial
to 4%, and'a mé/asurlng f?e(éguencyoo%%‘?f ﬁlzléqteﬁocm%%tor‘ﬁt&ééﬁasucm%dSi&gﬁ%ﬁﬁe
polyurethanerpolyurea esinifoamemeastned@t 40 with an initiat loag-0t 40 gna straivrange of 0.01
to 4%, and a 15 measuring frequency of 0.2 Hz in a tensile mode is 1 to 30 MPa, preferably 1 to 25
MPa, And miostpréférably 146 20°MPaY Ifthe $totag@etastic modulus E' is below the above-described

range, the pad itself tends fo deform.due-to offset load temporarily, applied during the plishing, which

results in a 20 poor polishing uniformity. Meanwhile; if the Storage elastic modulus E' is above the
above-destrib&d range, scratches tend to be formed, because of the lack of the elasticity. (Density D)
The density D of the polyurethane-polyurea resin foam 25 is 0.30 to 0.60 g/cm3, mare preferably 0.35
to 0.55 g/cm3, and” ugrth rorié;r%Tpre(fé)éBR}ﬁ%S té%gé g/clncﬁ;?,. ‘Wﬁe}ﬁ%ﬁgt e‘?‘m@ﬁy ]E)Yis%?%in the range,
the possibiity,ebthe fermation,aisears dua 4o theelogging of thespalishingdayer susfaggavith a
polishing agent or dust from a workpiece or the like is reduced. 30 In contrast, if the density D is lower
than tRe et Sifit YaIUE tHE plaharizafiorr peffBfmManées detéiigiate Shecatisé e elasticity is

excessivelxmm .g%%c%@geg%%it%eﬂf grr%%lx{ile&rms upon contact with a workpiece. On the other

hand, if the density D is higher than the upper limit value, 5 scratches are formed because of the lack
of elasticity. Especiallyibecause sl they Ti2(T 2ni) ofithecMecomponentethestorageselasticmodulusEt
, and the density D are restricted to the above-described numeric value ranges, respectively, the

present invention mMEkes ft Ui o BbtdiR w55dtidhiny %%Eﬁ@eﬁ@@lé?ﬁ?ﬁﬁﬂ‘%? théSefatch

reduction, the;polishing,rate -and the pelishing unifesmity:-(Componeptampuat (§m ofM component)
in addition to the above, the component amount (Cm) of the M component is preferably in a range

from’55 toB0% §9 sy A5 MAsSS). VWehea e esmpoifentarobnk 6fthe M eonysorient is within the
above-descg ecé range, modeéate amount %foregiogg I(Q/I corgE%neEnt)cinmvg)t&igg 1?350|e%}'1|85 are

a
. ; Pecaude o W & 3 .
associated With €a¢ othercby moderate cohesive force are contained. Hence, maderate 20 dressing

properties are createdsse thaf Scratchesduestod, and scratches are less likely
to ke caused. Because of the density in the low range, the
polishing pad of +the present invention 1s softer than

20 conventionai polishing pads £or a semiconductor device.
Because o¢f the high porosity (low density), scars due to
clogyging are also less likely to be formed. Moreover, since

the polishing pad of the present invention is scofter than
polishing pads having pelishing lavers molded by conventional

26 dry metheds, the polishing pad is excellent also in polishing
rate andpolishinguniformity. Meanwhile, since the polishing

prad of the present invention is dry-molded, the polishing pad
undergoes less change in cell diameters in the depth direction
than the wet-molded polishing pads. Hence_, the pelishing pad

30 of the present invention can retaln a constant polishing state



clogging of opening portions are reduced, and simultaneously the polishing uniformity is also retained.
As the M component decreases, the strain decreases, and the rubber elasticity improves. However, in
terms of the polishing characteristics, 25 it is difficult to obtain a sufficient polishing rate, because the
response of the stress against compression by polishing pressure is too high (too fast). On the other
hand, if the M component is too much, the polishing uniformity is poor, because the response of the
stress agafrist the cofpessiohtis B0 tod fewv- @66 Sfow) alhtdortast, it the NPésipenehiis within the

above-des rif?eg ange %g, R s%igle torgerfor pglighigg excellent.in bath the polishing rate and the
polishing Léﬁ o%m%%%c%use oJQT a moderate 1 éﬁ?ﬂeg é]lqasti%ﬁy.C 8? v%ﬁe%%Yr? %%g)i%%%ufcs)%ﬁe above, it
has been fosnd asca resultofiintensive studies dhatrwhenan X valtie determined by X=T2m/D is in a
range from 350 to 800, the scratch reduction, the polishing rate, and the polishing uniformity can be

achieved, Whilé & &8raift Pofishing Hatrid<sis Téfined. 10The X value is preferably in a range from
350 tg;800, and mere;preferably. from-380,10:600Q. Here,apolishingpadeonstifutedafay, ; 4

polyurethane-based resin having urea bonds moderately is highly likely to satisfy the above-described
X value, an@ 45 schieves excellenb polisking: -characteristics: Herice L thesx vahie prasuraably means

an index of moderate goﬁenirlg of the palishin sugace in.a wet state bgc%lse of urea bonds and the
. . C‘I‘.OSS—S@CL_J_C&U& View rl% T oL a 8ollshln%§>a om%arg ive
like (since this range results’in a urethane-urea resin composition having urea bonds moderately, the

resin 20 commpesitien is softered modeiatety-inia wet gtate s Jheretore,-anlotatized load hecomes less
likely to be applied to a semiconductor wafer, and desirable operations and effects are achieved.
(Average CEIFdiSmet&r @) 2517 DescHipfion and Claims, the average cell diameter is an average value

of eqygjvalent circledi _rnezt_eg%_calca%%arrgﬁ&?e%@@mf@k'(_ Pogtions.and,the, pumbe.of the cell
portions obtained by binarization of a surface image of the polishing pad (note that this average value
is a numerigwalué 30robtafetlin thewasé whereithe "cutoffivaiue" foy cuttingnoisesy a
rolyurethane resin by a pulsed nuclear magnetic resonance
method, and curves obtained by waveferm separation of the curve
intce an amorphous phase (L compenent), an interface phase (M
15 component), and a crystalline phase (S component)} based on the -
difference in spin-spin relaxation time by wusing a
least—-sqguares method.
Description cf Embodiments
Hereinafter, embodiments for carrying out the present
20 invention are described.
<<Pclishing pad>>
The polyurethane-polyurea resin foam is characterized
in that
when a free induction decay signal (FID) of the
256 polyurethane-pcolyurea resin foam obtained by pulsed NMR is
subjected to waveform separation by sequentially subtracting
components in descending order of spin-spin relaxation time
T2 based on a least~squares method, and thus divided into three
components of L (amorphous phase), M (interface phasge), and

30 S (crystalline phase) in descending order of the spin-spin



is set to 10 pm in the image processing) Theaveragecelldiameterd(Pm)the polyurethane-polyurea
resin foam of the polishing layer is preferably 120 to 185 pm, more preferably 120 to 170 pm, and 5
further more preferably 140 to 170 pm. If the average cell diameter (pm) is higher than the upper limit
value, the polishing layer surface is so rough that the polishing quality of a workpiece deteriorates. If
the average cell diameter (pm) is lower than the lower limit value, scratches tend to be formed, 10
because of elotgirig-ofthepttishing lapérsurfacésordeds offlexibility of ¢he polishind fayér surface.
(Type A hardness and t ardness In Description and Claims, the type A_hardness means a
Valle messire Basramerio e K ToTLE S sarle, S oS b Fariness mesis a value
measuredgeeonding-tepl B4t 6253-1994S Q. 7619 pinaddition thetype Adwasdressofibe v
polyurethane-polyurea resin foam is preferably 20 to 55 degrees.

20Meanwhifd fietfieDhardigs¥ i Bor Gifdthafs-polyiited Té&in foafia préferably 5 35 degrees.
If the type#yhardness angiorthefype D Rardnessds/are; below, the: above-deseribedrange(s), the

elasticity is 25 excessively high, and hence the pad itself greatly deforms upon contact with a
workpiece? fesufting-in apéoryglanarization performance. Meanwhile, if the type A hardness and/or the
type D hardness e,t>:<lggegé%thgrab%veﬁ%qscg?ed gggge}(se)é scraté:hes are formed Eecause of the lack
of elasticity. 30The poli mgypa of the pr%seﬁtulnvention can be” Stita iaysus%d féoropro?igﬁing a
semiconductatdevice,and especially for-chemigalanechanical pelishing(&MR) obasemiconductor
device. <<Method for manufacturing polishing pad>> 5A method for manufacturing a polishing pad for
polishing & sefYidaNITIEH? debice 6f te %r%&?{ vertibhiy which! thé abode-descérited polishing pad

for pijshing, 3 semicopdugtor devige of the present invention can. he,manyfactured.comprises: a
preparation stép of preparing an isocyanate group-containing 10 compound (A), a polyisocyanate
compound(B)za polyamingscompolnd (D), an aqueous dispersion (a mixture liquid comprising water,
a foam stabilizer, and a refction gatalys_tr%)%), and a %as non-reactive with all the components; a
mixing step of mixingy at fEadt the isotyarate Gréi contaifing 5 conipduna (A), e polyisocyanate
compoundy(B)a the=palyamine. campeund £0),4heagueous dispersion (E), and the gas non-reactive
with all the components with each other to obtain a mixture liquid for molding a foam; a foam-molding
step of molding a p&iyurethaRégohprearnesiniosm fiom the AiktURE ZOiGuigeErdE indldiy a foam; and

a po'ighing}@yfagofg@f@ga ep &Léorw@%%%isrgg;n&i@vsgh%ipg. %ﬁ%‘isﬂngag@%ﬁ% polishing a

workpiece from the polyurethane-polyurea resin Hereinafter, the preparation step, the
mixing stepzthe 25:fdam-moldinrgistep; and-theqpolishing tayerdormatiam step-are ldesecrbed
separately. <Preparation ste For manufacturing the polishing pad of the present invention, at

“~

least an isﬁgﬁ&ﬁhtécﬁguﬁ-fcogﬁgirﬁ)ﬁge E6MpotNUZOAS A pBlyiSseyaiate é6thpbaAd {BF ™ polyamine

compound;(D), -3 agueous dispersion (E) and-a gashanskeactive with all of these components are
used as raw materials of the polyurethane-polyurea resin foam. Moreover, a polyol compound may be

used with fhe-abevecdesgribed cénfpopents. with a polyol  compound, &
20 polyisocyanate compound, a polyamine compound, and a mixture
liguid ceomprising water, a foam stabpilizer, and a reaction
catalyst (hereinafter, abbreviated as an aguecus dispersion

in some cases).
In addition, the substantially spherical is a concept
256 meaning an ordinary shape of cells (& shape which is isotropic,
and is spherical, elliptical, or close to any of these shapes)
present in a foam mclded by a dry nmethod (see Fig. 1). These
cells are clearly distinguished fromcells contained in a foam
molded by a wet method {(which are anisctropic, and have a

30  structure in which the diameter increases from a polishing

10



5 In addition, as long as the effects of the present invention are not impaired, components other than
those described above may be used in combination. Hereinafter, each of the components is
described. [ (A) Isocyanate group-containing compound) 10The isocyanate group-containing
compound, which is a prepolymer, is obtained by reacting the following polyisocyahate compound and
polyol compound under ordinary conditions. In addition, other components may be contained in the
isocyanate- gksup-eontainingedompound; lasriangzas the 4 $effécts ofahe presehtingerition are not
impaired. Puf\g,et ei\i]%c)yanate group-containing compound, a commercially available compound
may be usg , OF a compound synthesized by reacting a polyisocyanate compound with a polyol
compound may berusegh: The deactionissnot pasticulasly-20 timited sand itds 0fly pecessary to carry out
an addition polymerization reaction by employing a known method and conditions for manufacturing a

polyurethd & r88iR SEGFERIMpIE A8 I$0ty dnaté Jrbdp-E6titdinfrig-compdund €ah bé franufactured by
a method inwhich,a polyiseeyanate gompaung.25. heated in 506vis added to a polyol compound

heated to 40C with stirring in a nitrogen atmosphere, the temperature is raised to 80C in 30 minutes,
and the reaetiert istdllowed ta further proceed at 800 for=60 mintitesscans : In ddditioapwhen the
polyisocyatnate comgound js4 dged 30 in excess of the polyol compound for manufacturing the
isocyanate 8?ﬁ§uep¥@oﬁjt5%irfg ompound (A), the polyisocyanate compound remains in the reaction

solution even aftegthefermation-ofithe.isesyanate-groupscontaining eempawnd: Henges, the reaction
solution can also be used in the subsequent mixing 5 step, without additionally preparing the

po|yispcya¢%*%é1éém_pf&%qﬁ Eh@é&e@ra%atﬂ‘fﬁﬂstepw@sf PolyisGeyjenate ‘eomipaindp+21Y In
Desgription and laims, the PPMSQI%%Q%‘S ﬁ%@Eﬂ?@HR?@”&%&@PE’ pd.having t!é'qg%f more

isocyanate groups in its 10 molecule. The polyiSocyanate compound is not particularly limited, as
long as it has e e mare isogyanate greups invitsmolecule. Examples bt diisegyanatescompounds
having two isocyanate%%ou s in its molecule include m-phenylene diisocyanate, 15

2

p-phenylené&disbdyan : -ﬁyle%%ﬁso&ﬁan&t%n@?@ﬁ’%;2,4-tgﬁ/jregneaﬁ?s1b%§}§naﬁe?2,4a-TDI),

naphthalene-1.4-diisocyanate dipherylmethang: 4.4 rdiigocyamatg(Mbls are applied
4,4'-methylene-bis(cyclohexylisocyanate) (hydrogenatedMDI), 20 3,3'-dimethoxy-4,4'
-biphenyldiis6éyanatéed s dimethyldiphéfyimetiana-424'Hiisoeyariate ixylglendk4-diisocyanate,4,4'

-diphgnylprgpage disaoyanate, frimethylepe disoexanate examely|ens,) <:gnay .
diisocyanate,propy ene-l,i-dusdcyan’ate, ﬁgebutylene-l,é- iisocyanate, d

cyclonexylenesl; 2 «diisocyanates gyclohexylene: 2 4-diisecyanate 0p-phenytene diisethioeyanate,
xylylene-1,4-diisothiocyanate, ethylidyne diisothiocyanate, and the like. The polyisocyanatecompound

is preferabty 36 Giisbc§arate Confpount? dhd, Aoy dis§&ydaté eonpduriss "2 4-T5Fand MDI are
more preferableand 24 TDL s particulary. preferable. o+ 5 zation are made the same

at a time of t=271t, and an echo appears. The obtained echo can
20  be approximated as an FID signal after a 90° pulse.

A method has been already well kncwn in which the
reiationship Dbetween physical properties, the phase
separation structure, and the composition is analyzed based

~on the analysis results of pulsed NMR. When the free induction
25  decay (FID) signal obktained by pulsed NMR is subjected to
waveform separation by sequentially subtracting components in
descending order of spin-spin relaxation time T2 based on a
least-squares methoed, the free induction decay (FID) signal
can be divided into three components. A component having

30 a leong relaxaticon time is a component having a high mobility,

11



One of these polyisocyanate compounds may be used alone, or multiple polyisocyanate compounds

may be used in 5 combination. [ (C) Polyol compound] In Description and Claims, the polyol
compound means a compound having two or more alcoholic hydroxyl groups (OH) in its molecule.
10((C-1) Polyol compound for prepolymer synthesis) The polyol compound used for synthesizing

the isocyanate group-containing compound, which is a prepolymer, includes diol compounds, triol
compounds; and the likesuchdsiethytere glycobasd bunderne glycohpolyethen polyot,cempounds
such 15 as poly(tetramethylene glycol) (PTMG); polyester polyol compounds such as a reaction
product of & ﬁ%éng%c%ﬁvﬁ na%%%%c(‘}dc’ a%dgéa g@a%%ﬁ%r%%@t%? but)#gﬁe%? clo]r itk 'adipic acid;
polycarbonate-qrolyel cosmpoundss polycapyelastonsrpolygl compaundshanddhe likeQfthese
compounds, PTMG is 20 preferable, and PTMG having a number average molecular weight (Mn) of
approximatély S0pre 5000%s furiiferimare- preférdbfe, ‘ahdI=TMGHavifig & humibéravetage molecular

weight (Mn).of approximately 1000 is preferable -Qf the above- ribe lyal compounds
maybé usg)rd Zg%glo(r?e, o?%uIt%plgﬁjﬁgg?ggmpgﬁndgs%%%gus%e%%n%%m%%r?&%t%n% %ggition, the NCO
equivalentoweight ofithexpré polymenoximich canche deternminec by ' (the anass (parts)of the
polyisocyan%a:te compound+the mass ( agftz of the poiyol compound (C%%)%/[ (the number of functional
groups per tioigctie™3 sFthe ol s t& L oMipolindkttie (ass (partsy SFHHE psilisdeyanate

compoundithe molecularineight afithe palyisacyanate sompoung)-thesaumierof.functignal groups
per molecule of the polyol compound (C-1)3the mass (parts) of the polyol compound (0-1)/the

molecular Weight of the Polyol Bcompotirt(C-1)heis %%Pﬁ@@@@al@é%ﬁés@ﬁin@ﬁ@molecular
welg;ﬂé of tgﬁ%%r(%rgpolyn&er% per NCO g%u(p.;rpfnlggo equivalent weight is %}gg%%%/ 400 to 650.

((0-2) Polyol compound which may be used after prepolymer synthesis) 10In addit in'the present
invention, bekigdesdhe powyolk compound used<an tarming thenisoeyanategreyptoRtainiig compound,
which is the prepolymer, a polyol compound can also be added into a mixer and mixed with the
isocyanaté'gfoup-contatiing tormpaind, thepolisoclahate Roripbtid, 1H& 4% Bolyamine compound,
and the like-, The palyol compeyngmay be prepared by itself, or prepared as a mixture liquid with the
polyamine compound, or added during the preparation of the aqueous dispersion. The polyol
compound acts as'&eutingragentforéiring the préjolyrmes Themsulyoh cempobind 926 incorporated

by & gompetitiye reaction with he polyamine, compound. Thus,the polyql compound iphibits uneven
chain elongation fedction of the po?yamine c%mpounéﬂamong the blocks, and makes'it easier to carry
out the polymrerizationtwith lesspuneven degreesof polymerzation:2bAs:-thespealyekeempound,
compounds such as diol compounds and triol compounds can be used without any particularly

limitation. fifatiditort, e plyof EGmPotind nidyb‘the Same b8 ofdiffetérit fredrtha ool compound

used for farming, the prepolymer..303pacific.examples thereqf include lawsmalecular weight polydiols
such as ethylene glycol, diethylene glycol, triethyleneglycol,1,2-propanediol,1,3-propanediol,

1,3-butanddight; 4:sutarediol, nedpentyiglyec! L pehtankdiols 3zmethyd<l,5-pentanettiol Land
L6¢§¥angd%%ee induction degay (FID) signal can be obtained as shown
in Fig. 2 (horizcontal axis: time (ps), vertical axis: free
induction decay signal). The initial wvalue of the cbtained

FID signal is proportional to the number of protons in the
measured sample. When three components exist in the measured

256 sample, the FID signal exists as the sum of response signals

of the three components. Meanwhile, the components contained

in the sample are different from each other in mobility, and

hence different from each other in decay rate of the response

signal and in spin-spin relaxation time T2. TFor this reason,

30 the FID signal can be divided by the least-sguares method into
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5 high molecular weight polyol compounds such as poly(tetramethylene glycol), polyethylene glycol,
and poly(propylene glycol); and the like. Of these polyp's, two-functional or three-functional
poly(propylene glycol) (PPG) (here, three-functional poly(propylene glycol) means 10 poly (propylene
glycol) having a branch obtained by using, as a polymerization initiator, glycerin having multiple
functional groups) and poly(tetramethylene glycol) are preferable from the viewpoints of the
compatibilith with theratheeodmponenitslit the mixingrstep andithe smifoEmitgred thee 45 lobtained cells.
Poly(propylene glycol) and/or poly(tetramethylene _glycol) having a number average molecular weight
(Mn) of ap%rrloﬁrr%ta gly%/qﬁ)% %{%Q(?c% refis’m 0%/3 %? efa@lé?p%ly p}/c%:y%né rdﬁ/c{c))%%hsa@vir‘gS an Mn of
approximately2006-t0)4000 and/os polyfletramethylenesglyeolkhaving an-Matwof 20 appreximately 500
to 1500 arefis further preferable, and poly(propylene glycol) having a Mn of approximately 3000 and/or
poly(tetraméth{fsife §iEol) havindg af Mri'oF 8%6?6%@51%%?16@0 arél S mosEpreférable!dn addition, the
poly (aropwg%ﬁ glyeal).is prefgrably three-tunctiongl.25 poly (prapylene.glygol), Qne-of the polyol
compounds (0-2) may be used alone, or multiple polyol compounds (0-2) may be used in combination.
When the patyoh gohipound €0-2) srused,ithetpolyehcbiipound-(©=2)is preferablyoprepated, with the
equivalence 3 1rgatio J(‘hereiipafter, referred to also as an s value) of the amino groups of the polyamine
compoundltso thé“sum %‘?ﬁ]eagﬁerﬁ%aafgquivalents of the amino groups of the polyamine compound
described later and:the-Bygrexyk grauns afitbe palyekeompound preparad separataly frlgm the
isocyanate group-containing 5 compound (the chemical equivalent of active hydrogen groups) being
0.70 to 0.97{hé& iR Grogps/itHeamiiio-gfoupsHife hydréaA grsupsy). can Onetsidke polyol
compgunds mayle Haed ajone. ot milile polvol compounds Mmay,be ysed iy sompinlion. 101 (0)
Polyamine compound] In Description and Claims, the polyamine compound means a compound
having twol espore ahlipe greups;natsmoleduts] toThé pélyaimine compound acts as a chain
extender. Part of the%olyamine compound reacts with the polyisocyanate 15 compound to form hard

segments, and othelpart ot %”ess&g}aﬁﬁé%%ﬁip%hﬁ&%%%%ﬁd' 10 TeHnifhI_ bfMaif ¢hins of the
isocyanate, groupreentaining 6gmpound (saft segment portions)So-that the polymer.chains can be
further extended. Thus, a polyurethane-polyurea resin having a block copolymer of hard 20 segments
and soft ségmepis is forkedl LY - AS the polaminescompéinid, drnalipiaticconaromatie polyamine
compgund, Aadespecialy @ diamine corpeyqd g3n beyysed, fxamples ol the palyamine compound
include ethy enedlla%lne, propﬁenedlamlne, examethylene&amlne, 5 iSophoronediamine,
dicyclohexytmethanes4:4'1diamine, 3,3ldichlore-4e4! diaminediphenylmethaneht of the
(methylenebisﬁro-chIoroaniline ) (hereinafter, abbreviated as MOCA), polyamine compounds having

structures Siitar totRaff6FMOCA, ditFtheAi&s in ﬁaaitiBH,ethqé%o‘fféﬁ%ﬁe%EWSO may have a

hydroxyl group, a%éxaé‘&%l%ﬁfw anaMming:0ased: o relaxation time T2 is
compoundinclude2-hydroxyethylethylenediamine, 2-hydroxyethylpropylenediamine,

di-2-hydroxyethyiethytenediantine ai-2hydoxyethyipropylenediandne siood from the

2-hydroxypropylethylenediamine, di-2-hydroxypropylethylenediamine, and the like. he polyamine
comgéundr i‘%%fe?ég ylaF (;%]?nriﬁdee %SmE%ﬁng%En%% pftce gra%?yrﬁ%%&,lﬁgmtiﬁénﬁpﬁé:nycf}nethane, or

diaminodiphenyt sufenecand particutarly pretesably MOE AL Q Herg; solid MQCAand-erude MOCA
are known as the MOCA. The solid MOCA means pure MOCA, which is solid at room temperature.

The crudeMOTR L miktdre"6trmondnet '6t MOTA andnitimersseiMOER fand #Ccrtide MOCA in
which the ratiq of,the multimers.is, 15%-by, mass.or-higher.is preferably used, The 15.tatio of the

multimers is more preferably 10 to 50% by mass, and further more preferably 20 to 40% by mass.
Examples of the muklimers/imcheleydimen, tirnenrand temamer. of MQEA rand-theslike nEhe crude
MO% matl&?s it gasier t(% control the reagt;]o%rat , and consequent\ly makes it easier to obtain 20

e n&ss; antithetike] Uniform Al GVer e foam.

physfeal propertiés (for eXampis dersity
A "component amount (phase amount)"™ 1s the percentage

(% by mass) of each phase, and a urethane becomes harder as
the T2 of the amcrphous phase decreases and asgs the ratio of
the amorphous phase decreases. In addition, as the interface

30 phase decreases, the phase separation between the crystalline
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"Solid MOCA" and "crude MOCA" used in Description and Claims mean the above-described solid
MOCA and the above-described crude MOCA, respectively. 250ne of the polyamine compounds may
be used alone, or multiple polyamine compounds may be used in combination. In addition, since the
solid MOCA and the crude MOCA are solid at normal temperature, the solid MOCA and the crude
MOCA have to be used in a molten state in the mixing step by heating at 30 about 120C. In this
respect, when thezyolybheompound(Cs2phis ssed; 4t ispreferabletd uselthesMOCA particularly the
crude MO%AddiggolveqhiepS hf Cpothg,ol compou g 49321) 3[% gdvaznce,mbecaugfe the I%J/IO A can be used in
the mixing s;%ep without hea ngto he melting temperature, And uneven poﬁﬁr%sen%gtlon due to 5 the
increase i teactivity bynthedreatingrcarsbe suppressed sWhendhe MOGCA-isdisedhy being dissolved
as described above, the mass ratio of the MOCA to the polyol compound (0-2) is preferably 3:1 to 1:3,
more preféfaBfe2: ERPED2 and parfiiERA§ Pretérably 115 19-Méreover heshoybcompbund (0-2) in
whichithe MOGA,is dissolved.is;preferabily polyetramethylens, glycgl)..mote preferahly,
poly(tetramethylene glycol) having a number average molecular weight (Mn) of approximately 500 to
5000, furthee preferaloly poly(tetramethyleneglyeot)h hdving@an Mn 15 of approximately 500 to 1500,
and most preferabl polyegegamethylene I cog 51 ving an Mn of approximately 1000. In order to
facilitate the Mixing of th S I?/ééﬁw?ﬁ"eo Eoriﬁ%rgﬁn With the other components and/or improve the 20
uniformity of the ceth diamgtersia the subsequent fogga;mpldg*rggs{g@, the-pelyamire gampound is
preferably degassed under reduced pressure, if necessary, in a heated state. As the degassing
method uritier YedGcethpresstre] atmethba khdowhfer mahufatturig eSpelyuréthiaietpoliurea may be
25 used. F e ol i p g si m pump at a
degrzse of \%&%%n%gé 5)?%!%3%%%@@}? el V%/%%?\ Lgé%oe? fg ggm‘%%%%%% Il%}lsée%I%agsf%?:gHc%i%qai)rgl%}extender, the
compoundsean:be degassed underaredilced pregsune whileibeing meltiby hgatingl<300rt the other
hand, when a pc%%gmine compound which is Iiiiisd at roonttemperature is used, the polyamine

compound®ay be°degaSsed andet redtite d srévstire viithGut fiésting® 91 2 4/ ThBFhERSd for

manufactuging apelishing pad of the present inveptiaathe eantentyatiomolar ratio-Qn 5 equivalence
ratio) of the polyamine compound to the polyol compound used for forming the prepolymer and/or all

the polyol %ﬁgﬁm&a@xﬁéﬁ@y snﬁ&}l@r%hdﬁ e ‘é@ﬁt?ehﬂﬁaﬂﬁéa@mpldy@dimmﬂféﬁﬂ@nal .
manyfacturing of palishing. pads: Snecifically, when the sQidMOGA s used ag.the 49 polyamine

compound, the so iS pre elrgb}fyeuse in an amount of parts by mass relative to
1000 parts-bysaass whichlis the-tatel of éhe polvisdoyanatercampoundand ¢he:patyeleompound (C-1).
When a liquid MOCA (details thereof are described later) is used as the polyamine compound, the 15

liquid MOCASs preférably used it &iPEmMBURTST 266 16400 partE By s refathVo tiod parts by
mass whichds-the tptal pf the. pelyisegyanate ¢ompeund.and the polyol compaynd, (C-1) [ (E) Aqueous

dispersion] In Description and Claims, the aqueous dispersion means 20 a mixture liquid
comprising-water] a foaarstabilizeée andd seactioheeatalyst.o asTHEaquedbusadispersic® contributes

as a blowing agent and a catalyst for addition polymerization and to foam stahilizatio sociated with
foam diameter arnef %%‘?anz u%/l?f%rr’”ﬁﬁy. tér%gémap?é the ag e%%%soed@a&éi"r i?ﬁécgﬁcB& gr?apared by

stirring aneh sixingrwiakes 1@ reastion catalyst; assurfactant.cand-thedikelyeusingran:-ordinary stirrer. Of
course, the agueous dispersion is not limited to only those consisting of the combination of these three
components 3o¥atey cohtainet it thé agEeoGs aispersidniisipreférabi/- distitéd whtéfffom the

viewpoint ehpreventing contamination, with Impudties. Jhe wateris ised Eéééa&EPe%fsofﬁgerab'y 0.1t06
parts by mass, more preferably 0.5 to 5 parts by mass, and further more preferably 1 to 3 parts by
mass, relativet@rties cannot be obtained, and scratches tend to be formed
25  because of clogging of opening poritions.
In the above, the expression "it is difficult to separate
the M component and the L component from each other" means a
case where the polyurethane-pclyurea resin foam cannot be
divided into three components in dividing the

30 polyurethane-polyurea resin fcoam in descending order of TZ2.
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5 1000 parts by mass of the prepolymer. As the reaction catalyst (hereinafter, sometimes simply
referred to also as a catalyst) contained in the aqueous dispersion, a known reaction catalyst can be
used. Examples of the catalyst include amine catalysts such as tertiary amines, 10 alcohol-amines,
and ether-amines (for example, TOYOCAT-ET); acetates (of potassium or calcium), organometallic
catalysts, and the like. Note that, in Examples, bis(2-dimethylaminoethyl) ether (TOYOCAT-ET
manufactufed by TdsehCorpoiatipnwas Osedvas theccatalystt Howevers thie- 1sreffeécts of the present
invention arecpgt Iimiteg{:i__itio cases wh%r%’%his catal %t IS us%d. The amount of th%ac tal%st is not
particularly Timited, and-is USEd &F a‘ratio 6f preferably 0.0 5 parts Bé%aes%? Hd'hare preferably
0.5 to 3 partscby massny relative-to 100Q parshyveass of thesprepolymers 20As the suractant serving
as a foam stabilizer and contained in the aqueous dispersion, a known surfactant can be used.
Examples of tHe:§ufactaRtimefude paifethet<iticdified sicofies Bhel the like IR thagsa Examples,
SH-L93 (manufachred DY Dow Corming Sormaration, 2s which is one ol the sllicone- based |
surfactants, was used. However, the effects of the present invention are not limited fo cases where this
surfactant dsrogedh dilre amosat bi:thessurfactant is ndtpartictkasly limited, and is preferably 0.1 to 10
parts by mass, and mor\i é;?referably 6%[‘5 to 5 parts by mass, 30 relative to 1000 parts by mass of the
prepolymet > == {Sre&vétS in"&ddiioH 16 the aBove-described components, known flame retardant,
coloring agent, plasticizesand the-like,may-be cortpined in the-agueaus.dispersion, As;long as the
effects of the present invention are not impaired. 5 <Mixing step> In the mixing step, the
isocyanaté“graupBBREIIAG corpeidhd (repofyhiely (K)4 thedpolyisocyanate cempounddB), the
polyamine ound ( nd th eous, dispersion (E) obtained in the preparation step and the
prep%?;me?cfo?rﬁa ib%Ii 1%%%3@%61%%5‘ pplclaé%%td tgprﬁée% He%&gthge ﬁ%@ Sn%ﬁ%rrggc%/g%%ngﬁ{the
components isiinfroduced: int¢ tlhie components. The supplied non-reactive gas is stirred and mixed
with the above-described components in the mixer, so that a mixture liquid for molding a foam in which

bubbles are formed1§ 15 pfoparédeThe XMy stép is cORdHted withheating™to a température at
which the ghave-deseribed companents can retainstheir floywability, - Fas example, sglid MOCA
(120C) or MOCA (80C) dissolved in the polyol compound (C-2) and a dispersion containing the 20
catalyst, aht 1€ fike Aa§becddddd to-a prepblymier (isoeyanaté) Sollfiort-hedtéd te 30Cato 100C in a
mixer equipped with a jacket capable of te rature adjustment, and the mixture liquid may be stirred
B0 T e 8 ey e Shefon b 16 e S ped i o Sotator 25 and a
jacket, ancbaged.rEhe stiringstime ig@djusied, asappropsiate;depending opthgrwmberof the blades,
the number of revolutions, the clearance, and the like of the mixer, and is, for example, 0.5 to 600
seconds. '€ SHIREYLS Ay da liebttive with B #8730 b oveIESTHBSE EoRfponents can be
used withqut limitation,. Far.example, air, nitrogen, oxygen, carben.diaxide, helium, argon, and the like
can be used. Regarding the amount of the gas supplied, the supply rate and the supply time are
adjusted, $c:tirat thecamountiof thelsdgasisupplied canlbelin agange of prefesably ©.10 te 4.00 L, and
morezgreferabI¥ 0'1_17%t0h%'33 L 1[?erfkilc])}%{%lm of }\pg total p.{noungfof Etlhe above-described components.
<Foam-m518|£r)|g gt%pﬁﬁn*tﬁg foam-molc iné’ 'step‘,eaa 66‘7 y*ur*ee[haﬁe-ﬁof?/u‘cfgglfggﬁ foam s molded by
pouring the saixtuse liguid for molding 2 faam-preparedrinibe mixngstep-inta ayveld heated at 50 to
100C to thereby foam and cure the mixture liquid. Here, the prepolymer, the polyisocyanate
compoundt @ng¢héd pelyaminE LoRipttindiand the pelyoP Eormpdufid preatEwitd each other to 15 form
the polyure(t]gggg-ﬁpy%ga resin, and thus the mixture liquid is cured. Here, water contained in the
agueous dispersionteacts with isocyanate groups in the prepolymer to generate carbon dioxide. The
generated carbon Gloxide=and the introduced gasiremainlin thee-polyyrethane-pslyurea sesin, so 20 that

a polyurethane-polyurea resin foam as shown in Fig. 1 having many substantially spherical and fine
cells78 forrjn%c?) 14 Note that 5h Fig” i, Re T)H%fc?gfr%ﬁﬁg of a%r%és-?e&io%%l %@Wg(?efﬁrﬁ a polishing

pad showing an:embadirentefitbe present.invention ang a cress-segtienal-view:25 (right) of a
polishing pad (Comparative Example 1) having a polishing layer dry-molded by a conventional
technique Wére taken'dt tesame radhification {RT00) Cardtthée wiite batinthecfight phetograph

represents. Jengih of, 100 um, <Polishing layer formalion ste> o, cursace wicn a

polishing agent or dust from a workplece or the like 1s reduced.

30 In contrast, if the density D i1z lower than the lower limit
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30The polyurethane-polyurea resin foam obtained in the foam-molding step is sliced into a sheet
shape. Thus, a polyurethane-polyurea sheet is formed. By this slicing, openings are formed on the
sheet surface. Here, to form openings excellent in wear resistance and resistant to 5 clogging on the
polishing layer surface, it is preferable to conduct aging at 30 to 80C for about 1 hour to 2 weeks. The
aging makes it easier to obtain desired elasticity characteristics. Here, the average cell diameter in the
foam is prefetalsly sétwithinahe aboveidaescribed range; des 120tHY too185 am, aadapreferably 120 to
170 um, a@% furttier SpErefe.r%ny. 14010 170 .um.lTh?av rage ce I diamet%r1 can b£ a%jus&e within the
above-described rgngéL %i/ c%n%r%lﬁr%g”ﬁ]séstlé%epéfa uré \’/iSC%Slty “of the prgpg mer. the number of

revolutions;ettheistirdagthe-ait flew rate,dhe typa andtheconeentiationds efthefoamy stabilizer, and
the mold temperature. Then, after a double-sided tape is attached onto a surface of the thus
obtained pofishingiayétitadifg A polytréthanée Polyureasheet theritftfackBeing Ghposite from the
polishing suface of the polishing laver, the polishing 29, layet is,cut intoja given shape, preferably a
disk shape, and completed as a polishing pad of the present invention. The double-sided tape is not
particularly limitedEapd any doybie-sidetktapeselactetifromzd pubfe-side dtapescknewit in this
technical field can be used, 25In addition, the polishing pad of the present invention may have a
single-layetrl%?rﬁgtﬁFeaggngijs?i%*o“h@oé?‘f%@% ishifig tayeF, OF iy Be tdfposadof flfiiple layers by
laminatingranetherdaye(Lnderining layer supRorting: layer). ga dhe-surface-afthe polishing layer
opposite from the 30 polishing surface. The characteristics of said another layer are not particularly
limited, an8fEis Pr&feraBRbIaminatEss layeRarder (faving e highertype A karbngssathd/or a higher
type D har )t t lishig e S posite from lishing layer. By
provige?ng tﬁg%;elr%%&a?cﬁe?%%% ?&%%I%sﬁﬁ%p Isaiy};rr%ﬁgci% S%ﬁc%ao%fﬁ]%qgs%%% o%at%% ‘polishing
platen on thedshiape gfthe pblishingsufface cap be avoided, so that the polishing flatness is further
improved. Moreover, the rigidity of the polishing cloth is generally increased, so that the formation of

winkles anf tRBRY KR caH 68 Preverited Ht the GAESTAttEchment of the polishing cloth onto the

platen.  When the palishing padofithe present inventionhas adpultizlayerstruetyre the multiple
layers maybe adhered and fixed to each other by using a double-sided tape or an adhesive 15 agent,
if necessaryi@indiet pressipe L The dotible-sidettape 6r theaghdsive agent aséd heré isnot
parti(iglarl%limis@d, and any double-sided tape or adhesive agent selected from those known in this
technical field can be used. Moreover, if necessary, the polishing pad of the present 20 invention may
be subjectedtoagrindingtraatmenterthefiantsurface amdordhe hasksuttace afdhe polishing layer, or
grooving or embaossing on the front surface. Moreover, a substrate and/or an adhesive I%}/er may be

laminated bRENEPONSHIAG Fsyer P&l 1R AGlIshing1RYEF ay iRclaHE b 55 light drasmiddion portion.
The grinding,methad is not,pgricularly linited..and, the gdading canbe, copdugted hy aknown method.

Specifically, the grinding may be conducted by using sandpaper. The pattern achieved by the grooving
or embossing Bavot BOparticdlany imitédramd examplestof thepattelieinctuderadattieé pattern, a
concentric-circular pattern, a radial pattern, and the like. hen the polishing pad of the present
inver%;:)n igg used ,ltrtg% p%ﬁgﬁﬁatpla@ is Aftached” t:‘f:;‘m‘é2 %blisﬁﬁngt\ga%enso rag %cgb(ﬁghiﬁbl @r‘nétc(f"uine, with the
polishing surfage ofithe palishingrlayeefacinga warkpiece. Ihen, whilea polishing agent slurry is
supplied, the polishing platen is rotated. Thus, the work surface of the workpiece is polished.

the polishing unifcormity is also retained. As the M component

decreases, the straln decreases, and the rubber elasticity

improves. However, in terms of the polishing characteristics,

26 i1t is difficult toobtain a sufficlent polishing rate, because

the response of the stress against compression by polishing

pressure ls too high (tooc fast). On the other hand, 1if the

M component is too much, the polishing uniformity is poor,

because the response of the stress against the compression is

30 teoo low (too siow). In contrast, if the M component 1s within
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The workpiece to be processed by the polishing pad of 10 the present invention may be a glass
substrate fora hard disk, mother glass for a thin display, a semiconductor wafer, a semiconductor
device, or the like. Especially, the polishing pad of the present invention is suitably used for processing
a semiconductor device. 15 <<Operations and Effects>> The CMP polishing pad of the present
invention comprises a polishing layer containing a polyurethane-polyurea resin foam. When a free
induction décay: signat-(FiB) of thel20apalypurethane pobrured resin foam abtaimed:yrpulsed NMR is
subjected to wayeform separation by sequentially subtracting compagnents in descending order of

X > Babed G a iéast s Hiod2an thi

pulse-puls& tefaxatin time T2 Ba a east-5udrés metiod. § diidedifto three
components, of b famegphaus-phase)rM(inteHace phase), and 25:3 {erystalling phase) in descending

order of pulse-pulse relaxation time T2 (when it is difficult to separate the M component and the L
component froli# €46 other, the total of the M component and the L component is regarded as the M

compgnent), the M-component, fas a spin-spin.felaxation. %”Ee%%T%DSE?iQ figr. felerfed to as T2m

t
in some cases) of 160 to 260 ps; the polyurethane-polyurea resin foam has a storage elastic
modulus 556f Arto30:MPa, sthe dterage elasticemoduliisvie Theingaeastned dib40C=With /4An initial load of
10 g, a strain 5, range of 0.01 to 4%, and a measuring frequency of 0.2 Hz in a tensile mode; and

the density 8 of the*pdifti¥éthanePolyurtarsin 16am iS Set\WithintHe TATGE froff0.36%5 0.60 g/ems.
Sincethepglishinglayermadeofa.1Q; polyurethang:palyurea resin safishingdhe-ahove.described ranges

has a T2m within the predetermined range, the polishing layer has moderate dressing properties, can
reduce the“formatieén of sératchascdue fo-Eloggihgefopenirgst ahd similtaneously can secure

necessary flatnessmﬁ:Sin%e th%15 polishin %a er. h,_as a lower stora efelasti dulus,and a lower
densﬁ@ than hard pof;e/uretﬁaafné1 %oﬁéshiﬁg %ayergt ‘molded b?/ c%%%gér%ioﬁﬁ%gﬂlgrr}\%tﬁgdsgft e obtained
polishing patthas adowerHardaess tharceordantionalédries. Hence, the strong pressing of the
polishing layer to a workpiece is suppressed, 20 and scratches are less likely to be formed on a

surface of a workgiéde: On thé othel frahd i tfe polidiing pad 8fthe pregéhnt inviehtion, bpenings
having the shapges.obtaiped by sliging the substantially sphericalcells are provided, and the polishing

25 pad of the present invention has an isotropic cell structure uniform in the thickness direction and the
plane diredtignhgfy likely to satisfy the above-described X value, and

156  achieves excellent polishing characteristics. Hence, the X
value presumably means an index of moderate softening of the
polishing surface in a wet state because of urea honds and the
like (since this range results in a urethane-urea resin
composition having urea bonds moderately, the resin

20 compositicn is softened moderately in a wet state). Therefore,
a localized load becomes less likely to be applied to a
semiconductor wafer, and desirable operations and effects are
achieved.

{Average cell diameter d)

25 In Description and Claims, the average cell diameter igs
an average valiue of ecgulvalent circle diameters calculated
from the areas of cell portions and the number of the cell
portions obtained by bkinarizaticn of a surface image of the
pelishing pad (note that this average value 1is a numeric value

30 obtained in the case where the "cutoff value” for cutting noises
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the polishing layer. Hence, the polishing pad of the present invention has a different pore (opening)
shape on the polishing layer surface from that of a polishing pad (abbreviated as a 30 soft (wet)
polishing pad) molded by a conventional wet method and having an anisotropic foam structure having
relatively large opening portions of a suede type. A soft (wet) polishing pad has a structure in which
the cell diameter gradually increases from the polishing surface to the bottom portion. 5 Hence, the
soft (wet) pelishirig pad hasianproblerh¢hatnagehe polishing pad wears with polishing, the cell diameter
(the diameters of I;T e openin s? on the sur a%ce inér,easeg, and the surface becomes rou%h, so that the
polishing quality detétiorafes: i additioR “since tite 2eifs Bécomé largéHtd 10 thé botts portion in this

structure, the: seft (wet) pelishing padhasa problemthattheisurfase is worr by tearing gff due to the
polishing resistance. In contrast, sincethepolishing pad of this invention is molded by a dry method, the

cells are iSOtROPIE Aiente; the PolisHing Fad BF His iiertioA15vadHievés ah difett of 28ducing the
occurgence of the, abpye-deseribed proplems pbservegyin the Wﬁtfpoéh?'%g%%- e cA$ fescribed
above, since the polishing pad of the présent invention has moderate dressing gropertles, the
openings arearesistant {gclbgging.Sinte thetpalishing pad:20of theipresentanvention isssofter and
has lower density than conventional hard,(d%/) polishing pads, the formation of scratches can be

reduced. SiRcé The PoIiSARG pad bf fie présent ifVétion 18 56 exeetidAfn b fEHing fate and

polishing unifarenityx the-polishing pad:canhe used pptonly.25 for prmary: Rrpcessing,Hut also for
finish processing. Moreover, when the X value is limited to the certain range, urea bonds are
moderately introdagetiato the meleetle land henhkecthe palishing sutfaee bedemés isdbrately

softened ip a wet state. Therefare, formation of scratches is reduced. On 30 the other hand, since the
inside of t ef)%i‘il/ﬁret an%”re(g% fo%n? not in C\3/\7eltSs“taltré(':Irel‘]t%{:}Xse thé har nc’eessc,)ra pfgﬁs%iﬁ%nﬂatness IS
secured. [Examptes] ity diereinaftes thepresentdnwentionnill dre.described in 5 further detail based

on examples.However, the present invention is not limited to these examples. In each of

Exampels &hdFEompardtieBampre, h¥SfelPad #a8RE %St 4, "parts” means "parts by mass," unless

otherwise noted. 1inaddition, the,abbreyiationsn, Tables 4,foAhave,the-follawing, meanings.
.2,4-TDI: 2,4-tolylene diisocyanate HydrogenatedMDI : 4,4' -methylene-bis(cyclohexyl isocyanate)
PTMG 100G: \poty (tetramethylenecglycoly hiating-alfumbeér 18 average molecular weight of
approximately 1000 -DEG: diethylene glycol -MOCA: 3,3' -dichloro-4,4' -diaminodiphenylme hane
-Thrgé(-functional E@ﬁ&d&%ﬁre%% un%%ﬁa%&?}(@%ﬁyﬁ%néﬂ %fy%sél)%gv%éi F ﬁﬂuerﬁﬁéirraé\/?erage
molecular aveightaf-3900:20r 18 arldition3 theoNTCQ equivatemt weight of a PP (prepolymer) is a numeric
value representing the molecular weight of the PP per NCO group, and is determined by "(the mass
(parts) of the polyisBeyariste tbaipdund+ie massi{parts) 6f thelFolysitdmpoiid (C-43)2 (the number

of functional, groups-per.zo-molequle.of the polyispeyanate.cogipoundxthe mass (parts) of the

polyisocyanaté compound/the molecular weight of the polyisocyanate compound)-(the number of
functional geaupseper molecule of the polyol compound (C-1)xthe mass (parts) of the polyol compound

(C-fl/%}ae momcu'%’l‘éﬂvgirgp}zgiteh,e pongﬂéOcomtprEl)Jend (C-I}))l '”hardness ot the
pelyurethane-polyurea resin foam 1s preferably 5 to 35
degrees.

If the type A hardness and/or the type D hardness is/are
below the above-described range(s), the elasticity is

25 excessively high, and hence the pad itself greatly deforms upon
contact with a workpiece, resulting in a poor planarization
performance. Meanwhile, if the type A hardness and/or the type
D hardness exceed (s} the above-described range(s), scratches

are formed, because of the lack of elasticity.

30 The polishing pad of the present invention can be
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The s value is, as described above, a numeric value representing the equivalence ratio (amino
groups/(amino groups-1-hydroxyl groups)) of the amino groups of the polyamine compound (D) to the
sum (the chemical equivalent of active 5 hydrogen groups) of the chemical equivalents of the amino
groups of the polyamine compound (D) and the hydroxyl groups of the polyol compound (C-2)
prepared separately from the isocyanate group-containing compound (A). Note that the crude MOCA
used in the followiny Examples 40 and Comparative Exemiples was oliquitkmixtere (aer@inafter,
referred to as a liquid MOCA) of PTMG 1000 and a crude MO ultimer content: 40% by mass) at
a mass ratio %?i:jf‘ﬁ( 3m§§%ti\fe% E%‘r%% e ﬂ?ﬁ%onrﬁ[?&%tiv%%agrrﬁﬁfégl, écc%‘rp‘l ent nﬁly known hard
15 (dry) polishing-pad wasmaaufactured. As a first component, which was a prepolymer, an
isocyanate group-containing Urethane prepolymer having an isocyanate content of 9.0% and an NCO
equivalent\Wweight6£466 Wasuset: ThissprapoRinerivas Bbiafed by reacting 316 parts of 2,4-TDI, 88
parts g 20 hydrogenated MDjand S3gmarts ot the ETMehaving a number ararags melecular weight
of approximately 1000, then adding 57 parts of diethylene glycol thereto, and allowing the reaction to
further proceednThisprepolymerwas heafed ta55C: and degassed Undep yedundedhptessure. As a
second 25 component, which was a.chaijn extenger, a soligM CA was melted at 120C, and degassed
under redl‘jjg)eodv redsiite. ALA third ¢SMboReRt 2 BIoiRg adent Expancel S5 BE) Wad mixed with
the first companentat 2% by weight and-the: fitst compenent and 1he secendcampanent were
supplied to a mixer at a weight 30ratio of 1000 parts:256 parts. The obtained mixture liquid was
poured intd &BOBG-hH Fict NatetPRAB0C Jahd earee sy Réatifg @t 100C for 5rhdifs. Then, the
formegd pol t resin foa S tak t of the . Moreover, this_foam,was sliced into sheets
havir‘lfgj a Sét/ iﬁ(ﬁg{gg ofqi?ZS mgrﬂ'n\%I%kijugs;:}L f%t%rnlg % egtlggl%e?g?%gbrigze’d, an B%IYS%%E %ads were
obtained. sExamptes 1 to ¥, and Comparative Examples 2itorb> (a  Nextivarous pelishing pads
having different densities were manufactured by using solid MOCA and changing the ratio 10 of

componentS 38 Showrdin TafE 1 AEXAMpE- 2P th'Ezamplé T %8 & fifst cofiparert - Which was a

prepolymerzan isecyanate group-containingurethang prepalymerhaving,an isacyanatg content of
7.8% and an NCO equivalent weight of 540 15 was used. The prepolymer was obtained by reacting 2,
4-TDI (286 pafts) @hd THePTWGX(714-pars) hialving asmurhberdverageomotectddradeightof
approximately 1000.. This prepolymer was heated to 55C, and d sed under reduced pressure. As a
seco%gd co?nogé&%%rtl,dwr% ’Weé%ea Ehain ex ecr}/daer}?%&if %&R%gg@% ’us%%de. 'ﬁ?el%/gﬁ“dl l{}fgCA was melt
at 120C, anchdegassed under reigkicedaressure. A tirg-eomponent; an agueous dispersion, was
obtained by mixing the three-functional PPG (42 parts) having a number average molecular weight of

3000, watéro@3 parts) -4 Catilyst(FOY GEA T T PR tited ByATosor her £0 obtain

a mixture licuid for molding a fcam; a foam-molding step of
molding a polyurethane-polyurea resin foam from the mixture
20 liquid for molding a foam; and a polishing layer formaticon step
of forming a polishing layer having a polishing surface for
polishing & workpiece Irom the polyurethane-polyurea regin
foam. |
Hereinafter, the preparation step, the mixing step, the
26 foam-molding step, and the polishing layer formation step are
described separately.
<Preparation step>
For manufacturing the polishing pad of the present
invention, at least an isocyanate group-containing compound

30 (R), & polyisocyanate compound (B), a polyamine compound (D),
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25 Corporation) (1 part), a silicone-based surfactant (SH-193 manufactured by Dow Corning
Corporation) (1 part) with each other at 35C for 1 hour with stirring. Then, the aqueous dispersion was
degassed under reduced pressure. The first component, the second component, and the third
component were 30 supplied to a mixer at a weight ratio of 1000 parts :168 parts :47 parts and at a
flow rate of 80 kg/min. Here, air was supplied at a flow rate of 18.2 L/min through nozzles provided to a
stirring roter of the mixeffspeeifically: 18:2 L ehdirawas supplied per 83 kg ofithe totdl offthe first to
third compgnents) . 5 The obtatirgsed rargjxture queu(ild was poured into %kmold 890x§§)0 mgggr and cured at

100C for 5 hours. Tﬁgﬁn,p the formed pgl?/ure%ﬁane resin foam was taken 6ut of the mo? his foam was

sliced intosheets bavinga-thickness ©f 1:35:mm. Fhus; urethane-sheets were fabriqated, and
polishing pads were 10 obtained. (Examples 2 to 4 and Comparative Examples 2 to 5) Polishing
pads haviftg thiEkREs e 61532 f52F. 35 hh Wefe BBRTeHy tHe-Siife FREtRBE AR Example 1,

excepf that the ratiqlofaqgg@[gg%qﬂts gléppiiggéntg the.mixer, was changed %éh% 15/n Table 1.
ET7xa -dwop 006S 1983 | 1TL ;13 D.) NI1'3"81 0003 9117 ECO

invention are not impaired, components other than those
described above may be used in combination.

Hereinafter, each of the components is described.

[ (A) Isccyanate group-containing compound]

10 The isocyanate group-containing compound, which is a
prepolymer, is obtained by reacting the following
polyisccoyanate compound and polyol compound under ordinary
conditions. In addition, other components may be contained
in the isocyanate group-contailning compound, as long as the

15 effects of the present invention are not impaired.

As the 1isocyanate group-containing compound, a
commercially available compound may be used, or a compound
synthesized by reacting a polyisccyanate compound with a
rolyol compound may be used. The reaction is not particularly

20 limited, and it is only necessary toe carry out an addition
polymerization reaction by emploving a known method and
conditions for manufacturing a polyurethane resin. For
example, the isccyanate group-containing compound can be
manufactured by a method in which a polyisoc?anate compound

25 heated to 50°C is added to a polyel compound heated to 40°C
with stirring in a nitrogen atmosphere, the temperature 1is
raised to 80°C in 30 minutes, and the reaction is allowed to
further proceed at 80°C for 60 minutes.

In addition, when the polyisccyanate compound is added

30 in excess of the polyol compeound for menufacturing the

20
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isocyanate group-containing cempound (A), the polyisocvanate

compound remains in the reaction solution even after the

formation of the isccyanate group-containing compound. Hence,

the reaction solution can also be used in the subseguent mixing
5 step, without additionally preparing the polyisocyanate

compound in the preparation step.

[ {B) Polyisocvanate compound]

In Description and Claims, the polyisccyanate compound

means a compound having two or more isocyanate groups in its
10 molecule.

The polyisocyanate compound 1s not particularly limited,
as long as it has two or mere isocyanate groups in its molecule.
Examples of diilisccyanate compounds having two 1socyanate
groups in 1ts molecule include m-phenylene diisocyanate,

16 p-phenylene diisocyanate, 2,6-tolylene diisocyanate
{2,6~-TDI), Z2,4-tolylene iisocyanate (2,4-TDI},
naphthalene-1,4-diisccyanate,
diphenylmethane-4, 4" -diisocyanate {(MDI),
4,4" -methylene-bis {cyclohexyl isocyanate) (hydrogenated MDI),

20 3,3 -dimethoxy~4, 4 ~-biphenvl diisocyanate,

3,3 —dimethyldiphenvimethane-4, 4" -diisocyanate,

xvlylene-1,4~-diisocyanate, 4,4 ~diphenylpropane
diisocyanate, trimethylene diisocyanate, hexamethylene
dilsocyanate, propylene~1,2-diisocyanate,

26 butylene-1,Z-diisocyanate, cyclchexylene-1l,2Z2-diisocyanate,
cycleohexylene-1,4-diisccyanate, p-phenylene
diiscthiccyanate, xylylene-1,4-diisothiocyanate, ethylidyne
diiscthiccyanate, and the like.

The rolyisccoyanate compound is preferably a

30 diisccyanate compound, and, among diisocyanate compounds,

21
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2,4-TDI and MDI are more preferable, and 2,4-TDI is
particularly preferable.

One of these polyisocyanate compounds may be used alone,
or multiple polyisocyanate compounds may be used in

combination.

(3

[ {(C) Polvol compoundi

In Désc:iption and Claims, the polyol compound means a
compound having two or more alcchelic hydroxyl groups (CH) in
its molecule.

10 ((C-1) Polyol compound for prepolymer synthesis)

The polyol compound used for synthesizing the isocyanate
group-containing compound, which is a prepolymer, includes
diol compounds, tricl compounds, and the like such as ethylene
glycol and butylene glycol; polyether polyol compounds such

15 as poly(tetramethylene glycol) (PTMG); polyester polyol
compounds such as a reaction product of ethylene glycol with
adipic acid and a reaction product of butylene glycol with
adipic acid; polycarbonate polyol compounds; polycaprolactone
polyol compounds; and the like. Of these compounds, PTMG is

20  preferable, and PTMG having a number average molecular weight
(Mn) of approximately 500 to 5000 1s further more preferable,
and PTMG having a number average molecular weight (Mn) of
approximately 1000 is most preferable.

One of the above-described polyol compounds may be used

25 alcne, crmultiple polyol compounds may be used in combination.

Inaddition, the NCO equivalent weight of the prepolymer,
which can Dbe determined by "(the mass (parts) of the
polyisccyanate compound+the mass (parts) of the polyol
compound {C-1}) /[ (the number of functional groups per molecule

30 of the polyisocyanate compoundxthe mass (parts) of the

22
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polyvisocyanate compound/the molecular weight of the
polyisocyanate compound) -~ (the number of functional groups per
molecule of the polyol compound (C-1)xthe mass (parts) of the
polyol compound {({-1)/the molecular weight of the polyol

5 compound (C-1)3]," 1is a numeric wvalue representing the
molecular weight of the PP (prepolymer) per NCO group. The
NCO equivaelent weight is preferably 400 to 630.

((C~2) Polycl compound which may be used after prepolymer
synthesis)

10 Inaddition, in the present invention, besides the polyol
compound used for forming the isocyanate group-containing
compound, which is the prepolymer, a polyol compound can also
be added into a mixer and mixed with the isocyanate
group-containing compound, the polyisccyanate compound, the

15  polyamine compound, and the like. The polyol compound may be
prepared by itself, or prepared as a mixture liguid with the
polyamine compound, or added during the preparation ¢f the
aqueous dispersion. The polyol compoundacts as a curing agent
for curing the prepolymer. The polyel compound i1s

20 incorporated by a competitive reaction with the polyamine
compound. Thus, the polysl compound inhibits uneven chain
elongaticn reaction of the polyamine compound among the blocks,
and makes it easier to ¢arry out the polymerization with less
uneven degrees c¢f polymerization.

25 As the pelyol compound, compounds such as diol compounds
and tricol compounds can be used without any particularly
iimitation. In addition, the polvyol compound may be the same
as or different from the polyol compound used for forming the
prepolymer.

30 Specific examples thereof include low-meolecular weilght
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polydiols such as ethylene glycol, diethvlene glycol,
triethylens glycol, 1, 2-propanediocl, L, 3-propanediol,
1,3-butanediol, 1,4-butanediol, neopentyl glycol,
pentanedicl, 3-methyl-1,5-pentanediol, and 1, ¢é-hexanediol;
5 high molecular weight polvol compounds such as
poly(tetramethylene glycol), polyethylene glycol, and
proly(propylene glycel); and the like. Of these polyols,
two-functional or three-functicnal pcly{propylene glycol)
{(PPG) {here, three-functional poly{propylene glycol) means
10 poly(propylene glycol) having a branch obtained by using, as
a polymerization initiator, glycerin having multiple
functional groups) and poly(tetramethvlene glycol) are
preferable from the viewpoints of the compatibility with the
other components in the mixing step and the uniformity of the
15 obtained cells. "Poly{propylene glycol) and/or
poly(tetramethylene glycol) having a number average molecular
welght (Mn) of approximately 500 to 5000 are/is more preferable,
poly (propylene glycol) having an Mn of approximately 2000 to
4000 and/or poly{tetramethylene glycol) having an Mn of
20 - approximately 500 to 1500 are/is further preferable, and
poly{propylene glycol) having a Mn of approximately 3000
and/or poly(tetramethylene glycol) having an Mn  of
approximately 1000 are/is most preferable. In addition, the
poly{propylene glycol) is preferably three-functional

25  polyvi(propyvlene glyccl).
Cne of the polyol compounds {C-2) may be used alone, or
nmultiple polyol compounds (C-2} may be used in combination.
When the polyol compound (C-2Z) 1is used, the polyol
compound (C-2) is preferably prepared, with the equivalance

30 ratio (hereinafter, referred to also as an s value) of the amino
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groups of the polyamine compound to the sum of the chemical
equivalents c¢f The aminc groups of the polyamine compound
described later and the hydroxyl groups of the polyol compound
prepared separately from the isocyanate group-containing
5 compound (the chemical equivalent of active hydrogen groups)
being 0.70 to 0.97 (the amino groups/ (the amino groups+ the
hydroxyl groups)).
Cne of the polyol compounds may be used alone, ormulitiple
polyol compounds may be used in combination.
10 [ (D) Polyamine compound]
In Description and Claims, the polyamine compound means
a compound having two cor more amino groups in its molecule,
The polyamine compound acts as a chain extender. Part
of the polyamine compound reacts with the polyisocyanate
15 compound to form hard segments, and other part of the polyamine
compound is bonded to terminals of main chains of the isocyanate
group—containing compound (soft segment portions), so that the
poliymer c¢hains c¢an be further extended. Thus, a
polyurethane-polyurea resin having a block copolymer of hard
20 segments and soft segments is formed.
As the polyamine compound, an aliphatic or aromatic

polyvamine compcund, and especially a diamine compound can be

used, Examples of the ©polyamine compound include
ethylenediamine, propylenediamine, Thexamethylenediamine,
25  isophoronediamine, dicyclohexylmethane-4, 4’ —diamine,

3,3 —dichlcro-4,4" ~diaminodiphenylmethane

{methylenebis (o~chloroaniline)) (hereinafter, abbreviated as
MOCA), polvamine compounds having structures similar to that
of MOCA, and the like. In addition, the polyamine compound

30 may have a hydroxyl group, and examples of such an amnine-based
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compound include Z-hydroxvethylethylenediamine,
2-hydroxyethylpropylenediamine,
di-2-hydroxyethylethylenedianine,
di-2-hydroxyethylpropylenediamine,

5 Z-hydroxypropylethylenediamine,
di-2-hydroxypropylethylenediamine, and the like.

The polvamine compound is preferably a diamine compound,
more preferably MOCH, diaminodiphenyimethane, or
diaminocdiphenyl sulfone, and particularly preferably MOCA.

10 Here, solid MOCA and crude MOCA are known-as the MOCA,
The solid MOCA means pure MOCA, which 1s solid at room
temperature. The crude MOCA is a mixture of monomer of MOCA
and maltimers of MOCA, and a crude MOCA 1n which the ratio of
the multimers is 15% by mass or higher is preferably used. The

15  ratic cf the multimers 1s more preferably 10 to 50% by mass,
and further more preferably 20 to 40% by mass. Examples of
the multimers include dimer, trimer, and tetramer of MOCA, and
the like. The crude MOCA makes 1t easier to control the
reacticn rate, and consequently makes it easier to obtain

20 physical properties (for example, density, hardness, and the
like) uniform all over the foam.

"Solid MOCA" and "crude MOCA"™ used in Description and
Claims mean the above-described solid MOCA and the
above-described crude MOCA, respectively.

25 Cne of the polvamine compounds may be used alone, or
multiple polyamine compounds may be used in combination. In
addition, since the solid MOCA and the crude MOCA are scolid
at normal temperature, the solid MOCA and the crude MOCA have
to be used in a molten state in the mixing step by heating at

30 about 120°C. 1In this respect, when the polyol compound {(C-2)
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is used, it is preferable to use the MOCA, particularly the
crude MOCA, dissolved in the polyol compound {(C-2) in advance,
because the MOCA can be used in the mixing step without heating
to the melting temperature, and uneven polymerization due to

5 the increase in reactivity by the heating can be suppressed.
When the MOCA is used by being dissolved as described above,
the mass ratio of the MOCA to the polyol compound (C-2) is
preferably 3:1 to 1:3, more preferably 2:1 fto 1:2, and
particularly preferably 1:1.

10 Mereover, the polyol compound (C-2) in which the MOCA is
dissclved is preferably poly(tetramethylene glycol), more
preferably poly(tetramethylene glycol} having a number
average molecular weight (Mn) of approximately 300 to 5000,
further preferably poly(tetramethylene glycol) having an Mn

ib  of appreoximately H00  to 1500, and most preferably
pely{tetramethylene glycol) having an Mn of approximately
1000.

In order to facilitate the mixing o©f the polyamine
compound with the c¢ther components and/or improve the

20 uniformity of the «c¢ell diameters in the subseguent
foam-melding step, the polyamine compound is preferably
degassed under reduced pressure, 1f necessary, in a heated
state. As the degassing method under reduced pressure, a
method known for manufacturing a polyurethane-polyurea may be

256  used. For example, the polyamine compound can be degassed by
using a vacuum pump at a degree of vacuum of 0.1 MPa or lass.

When a solid compound is used as the chain extender, the
compound can be degassed under reduced pressure, while being
melt by heating.

30 Cn the other hand, when a polyamine compound which 1s
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liguid at room temperature is used, the polyamine compound may
ke degassed under reduced pressure without heating.

In the method for manufacturing a polishing pad of the
rresent invention, the c¢ontent ratic {(molar ratic or
equlvalence ratio) of the pelyamine compound to the polyol
compound used for forming the prepolymer and/or all the polyocl
compounds 1s extremely smaller than the content ratios
employed 1in ceonventional manufacturing of polishing pads.

Specifically, when tThe solid MOCA 1s used as the
polyamine compound, the sclid MOCA is preferably used in an
amount of 150 to 205 parts by mass relative to 1000 parts by
mass which is the total of the polyisocyanate compeound and the
poliyel compound (C-1). When a ligquid MOCA {details thereof
are desgcribed later} 1s used as the polyamine compound, the
ligquid MOCA is preferably used in an amount of 200 to 400 parts
by mass relative to 1000 parts by mass which is the total of
the polyisocyanate compound and the polyol compound {C-1).
[ {(B) Agueous dispersion

In Description and Claims, the agueous dispersion means
a mixture ligquid comprising water, a foam stabilizer, and a
reaction catalyst.

The agueous dispersion contributes as a blowing agent
and & catalyst for addition p@lymérizatiom, and to¢ foam
stabilization associated with Zfoam diameters and foam
uniformity. For example, the aquecus dispersion can be
prepared by stirring and mixing water, a reaction catalyst,
a surfactant, and the like by using an ordinary stirrer. OFf
course, the agueous dispersion is not limited to only those
consisting of the combination of these three components.

Water contained in the agueous dispersion is preferably

28
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distilledwater fromthe viewpoint of preventing contamination
with impurities. The water is used at a ratio of preferably
0.1 to 6 parts by mass, mere preferably 0.5 to 5 parts by mass,
and further more preferably 1 to 3 parts by mass, relative to

5 1000 parts by mass of the prepclvmer.

As the reaction catalyst (hereinafter, sometimes simply
referred to also as a catalyst) ccentained in the agueous
dispersion, a known reaction catalyst can be used. FExamples
of the catalyst include amine catalysts such as tertiary amines,

16 alcohol-amines, and ether-amines {(for example, TOYQCAT-ET);
acetates (of potassiumor calcium), crganometallic catalysts,
and the like. Note that, in Examples,
bis (Z-dimethylaminoethyl) ether (TOYOCAT-ET manufactured by
Tosoh Corporation) was used as the catalyst. However, the

15 effects of the present invention are not Iimited to cases where
this catalyst is used. The amount of the catalyst 1is not
particularly limited, and is used at a ratio of preferably 0.01
to 5 parts by mass, and more preferably 0.5 to 3 parts by mass,
relative to 1000 parts by mass of the prepolymer.

20 As the surfactant serving as a foam stabilizer and
contained in the agueous dispersion, a known surfactant can
be used. Examples of the surfactant include
polyether-modified silicones and the like. Note that, in
Examples, SH-193 (manufactured by Dow Corning Corporation),

26 which 1s one ¢f the silicone-pased surfactants, was usad.
However, the effects of the present invention are not limited
to cases where this surfactant is used. The amount of the
surfactant is not particularly limited, and is preferably 0.1
to 10 parts by mass, and more preferably 0.5 to b parts by mass,

30 relative to 1000 parts by mass of the prepclymer.
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Polishing uniformity (CV%) Prebolymer (1st component) Chain extender (2nd component) Aqueous
dispersion (3rd component) <Examples 5 to 9 and Comparative Examples 6 to 8>

Moreover, in addition to the above-described components,
known flame retardant, coloring agent, plasticizer, and the
like may be contained in the agueous dispersion, as long as

the effects of the present invention are not impaired.

en

<Mixing step>
In the mixing step, the isocyanate group-containing
compound {(prepclymer) (A), the polvisocyanate compound (B},
the polyamine compound (D), and the aqueous dispersion {E)
obtalined in the preparation step and the prepolymer formation
10 step are supplied to a mixer. Here, the gas non-reactive with
all the components is introduced into the components. The
supplied non-reactive gas 1is stirred and mixed with the
above-described components in the mixer, so that a mixture
liguid for molding a foam in which bubbles are formed is
ib  prepared. The mixing step is conducted with heating to a
temperature at which the above-described components can retain
their flowabillity.
For example, solid MOCA (120°C) or MOCA (80°C) dissolved
in the polyol compound (C-2) and a dispersion containing the
20 catalyst, and the 1ike may be added tc a prepolymer {isccyanate)
solution heated to 20°C to 100°C in a mixer equipped with a
jacket capable of temperature adjustment, and the mixture
liguid mey be stirred at 80°C. If necessary, the mixture
ligquid may be transferred to a tank eguipped with an agitator
25 and a jacket, and aged. The stirring time is adijusted, as
appropriate, depending on the number of the blades, the number
of revolutions, the clearance, and the like of the mixer, and
is, for example, 0.5 to 600 seconds.
As the gas, any gas non-reactive with all the

30 above-described components can be used without limitation.
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Next, various polishing layers having different densities were manufactured by using a liquid MOCA,
and by changing the ratio of components as shown in Table 2. 5(Example 5) In Example 5, as a first
component, whichwasaprepolymer, an isocyanate group-containing urethane prepolymer haying an
isocyanate content of 7.8% and an NCO equivalent weight of 540 was used. The prepolymer was
obtained by reacting 2 , 4-TDI (286 10 parts) and the PTMG (714 parts) having a number average

molecular weightehapproximately:-1000: Jhis prepalymer washeated t0:556, and degassed under
reduced pressure. As a second component, which was a chain extender, the liquid MOCA (234 parts)
was degassedtiindeérvedtiésd pre<duféira Bfird'#5€omponent, an aqueous dispersion, was obtained

by mixing the thregdyactipnal PRG (41 Bais) havina, bumbelavarage aleculag wejght of 3000,
water (3 parts), a catalyst (TOYOCAT-ET manufactured by Tosoh Corporation) (1 part), and a

silicone-based surfactapt(SH-198amanufaetlired byDow20-Cemind €orporationy 4 pars) with each
other with stirring. Then, the agueous dispersion was degassed under reduced pressure. The first
comp(%\:len?,atﬁe%g&"hjdeéggrﬁﬁgngﬁt, ahdthethird com c%“ne% We}%g%u%pﬁgjd S a4m§>§er%(t a weight ratio
of 1000 pasts:234 parts:49-paits and @t eflew ratezaf 80kaimin. 254are, &ir was supplied into the
mixer at a flow rate of 19.1 L/min through nozzles provided to a stirring rotor (specifically, 19.1 L or air
was supplEEPEr 8P ky bf thertotal ot #56 first 6 thirPBEmpBRérts) . The obtained mixture liquid was
poured i”tQﬁo@ﬂ'—%&P&%egééﬂ@oc for 5 hours. Then, 30 the formed polyurethane resin foam was
taken out of the mold. This foam was sliced into sheets having a thickness of 1.28 mm. Thus,
urethane sheets were:fabricated;rantpolishing pads were obtaihedh Exanples:6 to<3 and

Comparative Examples 6 to 8
ﬂ) oaﬁtis%mﬁgggk%fpouring1juamixture liguid for molding a foam

Y
prepared in the mixing step into a mold heated at 50 to 100°C
to thereby foam and cure the mixture liguilid. Here, the
prepolymer, the polyisocyanate compound, and the polyamine
coempound {(and the polyvoel compound) react with each other to

16 form the polyurethane-polyurea resin, and thus the mixture
liguid is cured. Here, water contained in the agueous
dispersion reacts with isocyanate groups in the prepolymer to
generate carbon dioxide. The generated ¢arbon dioxide and the
introduced gas remain in the polyurethane-polyurea resin, so0

200 that a polyurethane-pelyurea resin foam as shown in Fig. 1
having many substantially spherical and fine cells is formed.

Note that, in  Filg. i, the photegraphs of a
cross-sectional view (left) of a polishing pad showing an
embodiment of the present invention and a cross-sectional view

25 (right) of a polishing pad (Comparative Example 1) having a

| pelishing layer dry-molded by a conventional technique were

taken at the same magnification (x100), and the white bar in
the right photograph represents a length of 100 um.
<Polishing ilayer formation step>

30 The polyurethans-polyurea resin foam chtained in the
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foam-mclding step 1s siiced into a sheet shape. Thus, a
polyurethane-polyurea sheet 1s formed. By this slicing,
openings are formed on the sheet surface. Here, to ZLorm

openlngs excellent in wear resistance and resistant to
5 c¢legging on the polishing laver surface, it is preferable to
conduct aging at 30 to 80°C for about 1 hour to 2 weeks. The
aging makes 1t easier to obtain desired elasticity
characteristics. Here, the average cell diameter in the foam
is preferably set within the above-described range, i.e., 120

10 to 185 um, and preferably 120 to 170 um, and further preferably
140 to 170 pm. The average cell diameter can be adjustedwithin
the above-described range by controlling the temperature
{viscosity}) of the prepolymer, the number of revolutions of
Lhe stirring, Lhe air flow rate, the Lype and the concentration

15  of the foam stabilizer, and the mold temperature.

Then, after a decuble~sided tape is attached onto a
surface of the thus obtained polishing layer having a
.polyurethane-polyurea sheet, the surface being opposite from
the polishing surface of the polishing layer, the polishing

20 layer i1s cut into a given shape, preferably a disk shape, and
completed as a polishing pad of the present invention. The
double~sided tape 1s not particularly limited, and any
double-sided tape selected from double-sided tapes known in
this technical field can be used.

25 In addition, the polishing pad of the present invention
may have a single-layer structure consisting only of the
polishing layer, or may be composed of multiple layers by
laminating another layer (underlining laver, supporting
layer) on the surface of the polishing lavyer cpposite from the

30 polishing surface. The characteristics of said another layer
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are not particularly limited, and it is preferable to laminate
a layer harder (having a higher type A hardness and/or a higher
type D hardness) than the polishing lavyer on the surface

cpposite from the polishing layer. By providing the layer

w

harder than the polishing layer, the influence of fine asperity

on the polishing platen on the shape of the polishing surface

can be avoided, so that the polishing flatness is further

improved. Mcrecver, the rigidity of the polishing c¢loth is

generally increased, so that the formation of winkles and the

10 like canbe prevented at the time of attachment of the polishing
cleth ontc the platen.

When the polishing pad of the present invention has a
multi-layer structure, the multiple lavers may be adhered and
fixed to each other by using a double-sided tape or an adhesive

15 agent, if necessary, under pressure. The double-sided tape
cr the adhesive zgent used here i1s not particularly Iimited,
and any double-sided tape or adhesive agent selected from those
known in this technical field can be used.

Moreover, if necessary, the polishing pad of the present

20 invention may be subjected to a grinding treatment on the front
surface and/or the back surface of the polishing layer, or
grooving cor embossing on the front surface. Moreover, a
substrate and/or an adhesive laver may ke laminated on the
polishing layer, and the polishing layer may include a

26  light-transmission portion.

The grinding methed is not particularly limited, and the
grinding can be conducted by a known method. Specifically,
the grinding may be conducted by using sandpaper.

The pattern achieved by the grooving or embossing is not

30 particularly limited, and examples of the pattern include a
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lattice pattern, a concentric-circular pattern, a radial
pattern, and the like.
When the polishing pad of the present invention is used,
the polishing pad is attached to a polishing platen of a
5 polishingmachine, with the polishing surface of the polishing
layer facing a workpiece. Then, while a polishing agent siurry
is supplied, the polishing platen is rotated. Thus, the work
surface of the workpiece is polished.
The workpiece to be processed by the polishing pad of
10  the present inventicon may be a glass substrate for a hard disk,
mother glass for a thin display, a semiconductor wafer, a
semiconductor device, or the like. Especially, the polishing
pad of the present invention is suitably used for processing
a semiconductor device.
i  <<Operations and Effects>>
The CMP polishing pad of the present invention comprises
a polishing layver containing a peolyurethane-polyurea resin
foam.
When a free Iinduction decay signal (FID) of_ the
20  polyurethane-polyurea resin foam cbtained by pulsed NMR is
subjected to waveform separation by seguentially subtracting
components in descending order of pulse-pulse relaxation time
T2 based on a least-sguares method, and thus divided into three
compeonents of L {(amorphous phase), M {(interface phase), and
25 3 Icrystalline phase) in descending order of pulse-pulse
relaxation tTime T2 (when it is difficult to separate the M
component and the L. component from each other, the total of
the M component and the 1. component is regarded as the M
compeonant) , the M-component has a spin-spin relaxation time

30 T2 {hereinafter, referred to as T2y in some cases) of 160 to
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the polyurethane-polvurea resin foam has a storage
alastic modulus ¥ of 1 to 30 MPa, the storage elastic modulus
E' being measured at 40°C with an initial loadof 10 g, a strain

5 range of 0.01 Lo 4%, and a measuring freguency of 0.2 Hz in
a tensile mode; and

the density D of the polvyurethane-polyurea resin foam
is set within the range from 0.30 to 0.60 g/cm’.

Since the polishing layer made of a

10 polyurethane~polyurea resin satisfying the above described
ranges has a T2y within the predetermined range, the polishing
laver has moderate dressing properties, can reduce the
formation of scratches due to clogging of openings, and
simultaneously can secure necessary flatness. Since the

15 polishing layer has a lower storage elastic modulus and a tower
density than hard polyurethane polishing layers molded by
conventional dry methods, the obtained polishing pad has a
lower hardness than conventional onesg. Hence, the strong
pressing of the polishing laver to a workpiece 1s suppressed,

20  and scratches are less likely to be formed on a surface of a
workpiece.

On the other hand, in the polishing pad of the present
invention, openings having the shapes obtained by slicing the
substantially spherical cells are provided, and the polishing

25 pad of the present invention has an iscotropic cell structure
uniform in the thickness direction and the plane direction of
The polishing laver. Hence, the polishing pad of fhe present
invention has a different pore (opening) shape on the polishing
laver surface from that of a polishing pad {abbreviated as a

30 soft {(wetf) pollshing pad) molded by a conventional wet method
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and having an anisotropic foam structure having relatively
largeopeningportionsofeasuedetype. A soft (wet) polishing

pad has a structure in which the cell diameter gradually
increases from the polishing surface to the bottom portion.

5 Hence, the sofif (wet) polishing pad has a problem that, as the
polishing pad wears with polishing, tThe cell diameter (the
diameters of the openings) on the surface increases, and the
surface becomes zrough, s0 that the polishing qualiﬁy
deteriorates. In addition, since the cells become larger to

10 the bottom portion in this structure, the soft (wet) polishing
pad has a problem that the surface is worn by tearing off due

to the poiishing resistance. In ceontrast, gsince the polishing

pad of this invention is molded by a dry method, the cells are
igotropic. Hence, the polishing pad of this invention

15 achieves an effect of reducing the occurrence of the
above-described problems ocobscrved in the wet polishing pad.

As described above, since the polishing pad of the

present invention has moderate dressing properties, the
cpenings are resistant to clogging. Since the polishing pad

20 of the present invention is softer and has lower density than
conventional hard (dry) polishing pads, the formation of
scratches can be reduced. Since the pelishing pad of the
present invention is also excellent in polishing rate and
polishing uniformity, the polishing pad can be used not only

256 for primary processing, but also for finish processing.
Moreover, when the X value is limited to the certain range,
urea bonds are moderately introduced into the molecule, and
hence the polilishing surface becomes moderately softened in a

wat state. Therefore, formation of scratches ig reduced. 0On

30 the other hand, since the inside of the polyurethane resin foam
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not in g wet state retains the hardness, a polishing flatness
is secured.
[ Examples]
Hereinafter, the present invention will be described in
b further detail based on examples. However, the present
inventicn is not limited to these examples.
In each of Exampels and Comparative Example, as well as
Tables 1 to 4, "parts" means "parts by mass," unless otherwise
noted.
10 In addition, the abbreviations in Tables 1 to 4 have the
following meanings.
+2,4~TDI: 2,4-tolylene diisocyanate
*HydrogenatedMDI: 4,4 ~methylene-bis (cyclohexyl isccyanate)
*PTMG 1000: poly(tetramethylene glycol) having a number
15  average molecular weight of approximately 1000
-DEG: diethylene glycol
"MOCA: 3,3 -dichloro-4,4 —-diaminodiphenyimethane
-Three-functional PPG 3000: three~functional poly (propylene
glycol) having a number average molecular weight of 3000
20 In addition, the NCO egquivalent weight of a PP
{(prepolymer}) is & numeric value representing the molecular
weilght of the PP per NCO group, and is determined by " (the mass
(parts) of the polyisccyanate compound+the mass {parts) of the
polyol compound (C-1}) /[ (the number of functional groups per
25 molecule of the polyisocyanate compoundxthe mass {parts) of
the polyisccyanate compound/the molecular weight of the
polyisocyanate compound) ~ (the number of functional groups per
molecule of the polyel compound {C~1)xthe mass {parts) of the
polyol compound (C-1)/the molecular weight of the polyol

30 compound (C-=1)3] ."
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The s walue 1is, as described above, a numeric wvalue
representing the eguivalence ratic (amino groups/{amino
groups+hydroxyl groups) ) of the amino groups of the polyamine
compound (D) to the sum (the chemical equivalent of active

5 hydrogen groups) of the chemical eguivalents of the amino
groups of the polyamine compound (D) and the hydroxyl groups
of the polvyol compound (C-2) prepared separately from the
isocyanate group-containing compound ({(A).

Note that the crude MOCA used in the following Examples

10 and Comparative Examples was a liguid mixture {(hereinafter,
referred to as a liguid MOCA) of PTMG 1000 and a crude MOCA
{multimer content: 40% by mass) at a mass ratic of 1:1,
{Comparative Example 1)

In Comparative Example 1, a conventionally known hard

15 {(dry) pelishing pad was manufactured. As a first component,
which was a prepolymer, an isocyanate group-containing
urethane prepolymer having an isocyanate content of 9.0% and
an NCO equivalent weight of 466 was used. This prepolymer was
opbtained by reacting 316 parts cof 2,4-TDI, 88 parts of

20 hydrogenated MDI, and 539 parts of the PTMG having a number
average molecular weight of approximately 1000, then adding
57 parts of diethylene glyccl thereto, and allowing the
reaction to further proceedQ This prepolymer was heated to
55°C, and degassed under reduced pressure. As a second

25 component, which was a chain extender, a solid.MOCA_was melted
at 120°C, and degassed under reduced pressure. As a third
component, a blowing agent {Expancel 551 DE}) was mixed with
the first component at 2% by weight, and the first component
and the second component were supplied tc a mixer at a weight

30 ratio of 1000 parts:256 parts.
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The obtained mixture liguid was poured into a 890x880-mm
mold heated to 50°C, and cured by heating at 100°C for 5 hours.
Then, the formed polyurethane resin foam was taken cut of the
mold. Moreover, this foam was sliced into sheets having a

5 thickness of 1.25 mm. Thus, urethane sheets were fabricated,
and polishing pads were cbtained.
<Ewamples 1 to 4 and Comparative Examples 2 to 5>

Next, various polishing pads having different densities

were manufactured by using solid MOCA and changing the ratio
10 of components as shown in Table 1.
(Example 1)

In Example 1, as a first component, which was a prepolymer,
an iscocyanate group-containing urethane prepolymer having an
isocyanate content of 7.8% and an NCO equivalent weight of 540

15  was used. The prepolymer was obtainedbyreacting2,4~TDI (286
parts}) and the PIMG (714 parts) having a number average
meclecular weight of approximately 1000. This prepolymer was
heated to 55°C, and degassed under reduced pressure. As a
second component, which was a chain extender, solid MOCA was

20 used. The solid MOCA was melt at 120°C, and degassed under
reduced pressure. A third component, an aqueoﬁs dispersion,
was obtained by mixing the three-functional PPG (42 parts)
having a number average molecular weight of 3000, water (3
parts), a catalyst (TOYOCAT-ET manufactured by Tosoch

25 Corporaticn) {1 part), a silicone-based surfactant {SH-193
manufactured by Dow Corning Corporation) (1 part) with sach
other at 35°C for 1 hour with stirring. Then, the agueous
dispersion was degassed under reduced pressure. The first
component, thé second component, and the third component were

30  suppliedtoamnixer at aweight ratioof 1000 parts:168 parts:47
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(2,06) (Qaw) cfl R -- Density D (g/cm'( Cs (6 by mass) X value (=T2m/D) S value --- Type A hardness
(1) _If) ssaupsvil 0 edAl Average cell diameter d (Pm) Number of cells 8rnm2 Thickness (mm)
Polishing rate (nm/min) (tAD) A4TmvolTun bvTUsSTIOd _- Presence or absence of scratches

(inSsubstrates) s Prgpolyaler fistcompansntko kq/min. Here, air was supplied
at a flow rate of 18.2 L/min through nozzles provided to a
stirring reotor of the mixer (specifically, 18.2 L of air was
suppliedper 80 kg of the total of the first to third components) .

5 The obtained mixture liguld was poured into a mold {830x890
mm), and cured at 100°C for 5 hours. Then, the formed
polyurethane resin foam was taken out of the mold. This foam
was sliced into sheets having a thickness of 1.35 mm. Thus,
urethane sheets were fabricated, and polishing pads were

10 obtained.

(Examples 2 to 4 and Comparative Txamplss 2 to 5)
Polishing pads having thicknesses of 1.32 to 1,35 mm were

cbtained by the same method as in Example 1, except that the

ratic of components supplied into the mixer was changed as shown

15 in Tabkble 1.
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Finally, polishing layers were manufactured by increasing or decreasing the amounts of the
polyisocyanate compound, the polyol compound, and the polyamine compound. 5(Example 10) In
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<Fxamples 5 to 9 and Comparative Examples 6 to 8>
Next, various polishing layers having different
densities were manufactured by using a liguid MOCA, and by

changing the ratic of components as shown in Table 2.

ot

(Example 5)

InExample 5, as a first component, which was a prepolymer,
an iscocvanate group-containing urethans prepolymer having an
isccyanate content of 7.8% and an NCO eguivalent weight of 540
was used. The prepolymer was cbtainedby reacting 2,4-TDI (286
10 partsy and the PTMG {714 parts) having a number average

molecular welght of approwimately 1000, This prepolymer was
reated to 55°C, and degassed under reduced pressure. As a
second component, which was & chain extender, the liguid MOCA

(234 parts) was degassed under reduced pressure. A third
15  component, an agueous dispersion, was obtained by mixing the
three-functional PPG (41 parts) having a number average
molecular weight ¢f 3000, water (3 parts), a catalyst

nd

a3

(TOYOCAT-ET manufactured by Tosch Corporation) (1 part),
a szsilicone-based surfactant (SH-193 manufactured by Dow
20 Corning Corporation) {4 parts) with each other with stirring.
Then, the agueous dispersion was degassed under reduced
pressure. The first component, the second compeonent, and the
third component were supplied to a mixer at a weight ratioc of
1000 parts:234 parts:49 parts and at a flow rate of 80 kg/min.
256 Here, alr was supplied into the mixer at a flow rate of 19.1
L/min through nozzles provided to a stirring rotor
(specifically, 19.1 Lor air was supplied per 80 kg of the total
of the first to third components). The obtainedmixture liquid
was poured into a mold, and cured at 100°C for 5 hours. Then,

30 the formed polyurethane resin foam was taken cut of the mcld.
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This foam was sliced intc sheets having a thickness of 1.28
mm. Thus, urethane sheets were fabricated, and polishing pads
were cbtained.
(Exemples 6 to 9 and Comparative Examples 6 to 8)

5 Polishing pads having thicknesses of 1.28 to 1.30 mmwere
obtained in the same manner as in Example 5, except that the
ratic of components supplied to the mixer was changed as shown

in Table 2.
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<Examples 10 to 15 and Comparative Examples 9 to 13>

Finally, ©polilshing layers were manufactured by
increasing or decreasing the amounts of the polyisocyanate
compound, the polyol compound, and the polyvamine compound.

5 {Example 10}

In Example 10, as a first component, which was a
pregolymer, an lsocoyanate group~containing urethane
prepolymer having an isocyanate content of 10.0% and an NCO
equivalent weight of 420 was used. The prepolymer was obtained

10 by reacting 2,4-TDI (325 parts) and the PTMG (675 parts) having
a number average molecular weight of approximately 1000, This
prepolymer was heated to 55°C, and degassed under reduced
pressure. As a second component, which was a chain extender,
the 1igquid MOCA (397 parts) was degassed under reduced pressure.

15 A third component, an agueous dispersion, was obtained by
mixing the three~functional PPG (43 parts) having a number
average molecular weight of 3000, water (1 part}, a catalyst
{(TOYOCAT-ET manufactured by Tosoh Corporation) {1 part), and
a silicone-based surfactant (SH-1932 manufactured by Dow

20 Corning Corporation} (4 parts) with each other with stirring.
Then, the aguecus dispersion was degassed under reduced
pressure. The first component, the second component, and the
third component were supplied to a mixer at a weight ratio of
1000 parts:397 parts:49 parts and at a £flow rate of 80 kg/min.

25 Here, air was supplied into the mixer at a flow rate of 18.1
L/min. The obtained mixture liquid was poured into a mold and
cured. Then, the formed polyurethane resin foam was taken out
of the mold. This foam was sliced into sheets having a
thickness of 1.27 mm. Thus, urethane sheets were fabricated,

30 and polishing pads were obtained.
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(Examples 11 to 15 and Comparative Exanmples 9 to 13)

In Examples 11 fo 15 and Comparative Examples 9 to 13
, polishing pads having thicknesses of 1.27 to 1.30 mm were
manufactured by the same method as Iin Example 10, except that

5 the ratic of components was changed as shown in Table 3 or 4.
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288 6 LT.61 O)vvc Lcc LI, 0008 60 31.,' 095 SC Z6T 06 "T (ATs2) 6'26T (.672.6) GL Absent (0)
(Good) 6 'Av -dmoA 0-06V | (.9E LIE9 6Tc

Table 4
<<Composition>> Comp. Bx, 11 | Comp. Bx. 12 | Comp. Ex. 13
NCO equivalent weight of PP 6B80.0 7200 760.0
Prepol ymer 2,4~TDI (parts) 257 251 246
{lst component) Hydrogenated MDI (parts)
PTMG 1000 (paris) 743 748 754
DEG {parts;
Chain extender {Znd { Liguid MOCA (parts) 198 180G igd
component) Solid MOCA (parts;)
Agueous dispersion Three-functional PPG 3000
(3rd component] Iparts) a3 43 13
Water (parts) 1 1 1
TOYOCAT-ET (parts) i i 1
Silicone-based gurfactant 4 4 ‘
SH-192 (parts}
Air loading rate (L/min.) 19.1 i8.1 18,1
<<Physical T2y (ns} 270.0 281.0 291,0
properties>> B (MPa) (40°C) 1 1 0
Density D (g/em’) 0,31 0.29 0:26
Cr (% by mass) 82.0 84.0 87.0
X value {wT2,/D) 871 959 1119
S wvalue 0.72 0,72 0,72
Type A hardness (%) 1 12 10
Type D hardness [°) 4 2 1
Average cell diameter d {pm} 182 187 192
Number of cells /mm’ 24 23 23
Thickness {mm} .30 1,28 1.27
<<Polishing test>> Poiishing rate {mm/min} 216.3 201.1 175.3
{Gond) {Good) {Poor)
Polisning uniformity (CV%) 3.4 {Poor) 10.3 (Poor) 12,2 {Poor)
Presence on absence of Absent (0} Ebsent {0) Absent (0}
scratches {in 5 substrates) (Good) [Good) {Good)
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CV N T.66 0A9T6 86 0 0'6fs 96: 2L 0 86 ZET 6E 6ZAl (S007) (sood) 8-TT Present (2) (Poor)
"Composition" NCO equivalent weight of PP 2,4-TDI (parts) Hydrogenated MAI (parts) | - PTMG 1000
(parts) (s4sSd) OACI Tdauid MOCA (Parts)

<Physical properties evaluation>

For each of Examples and Comparative Examples described
above, the T2y (us), the Cy (%), the density (g/cm®), the X value,
the type A hardness(®), the type D hardness(®), the average

5 cell diameter (pm), the number of cells per square millimeter,
the storage elastic medulus E 4 (MPa), and the thickness {(mm)
of the urethane sheet were calculated or measured. Tables 1
to 4 show the results,

Note that methods for measuring these items were as

10 follows.

The pulsed NMR measurement was conducted as follows.
Specifically, aglass tube having a diameter of 1 cmwas filled
with a sample cut into pieces of about 1 to 2 mm square to a
thickness of 1 to 2 cm. Then, the relaxation behavior {fres

16 induction decay signal} of the sample was measured by using
a pulsed NMR measurement apparatus (JNM-MU25 manufactured by
JEOL Ltd., 25 MHz) by the solid echo method with 90° pulse of
2.0 us, repetition time: 4 s, number of scans: 8, and
temperature :40°C. The obtained decay curve was separated by

20 the least-sguares method into an amorphous phase, an interface
phase, and a crystalline phase in descending order of T2
(spin-spin relaxation time)}, and the T2y and the Cy value were
determined,

As the storage elastic modulus (Ef 4o (MPa)) at 40°C, the

25 storage elastic medulus was measured with RSA TIIT of TA
Instruments, Japan. according to JIS K 7244-4 with an initial
load of 10 g, a strain range of 0.0l to 4%, and a measuring
freguency of 0.2 Hz at 40°C.

The type A hardness was measured according to Japanese

30  Industrial Standards Committee (JIS K 7311) by using a Shore
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Solid MOCA (parts) Three-functional PPG 3000 (parts) Water (Pasts) TOYOCAT-ET (parts)
Silicone-based surfactant SH-193 (parts) ((XTM/X) 84PI Au (ad) 'a (30(6) (sad) (Ass/6) 0 AsEsuaA
(ssew Aq E) 63 X value (66T25/0) An6 VA S Type A hardness () Type D hardness () Average cell
diameter d (pm) Number of cells /mm2 Thickness (mm) Polishing rate (hm/min) Polishing uniformity
(cv%) Presence or absence of scratches (in 5 substrates) Arepolymer (1st component) Chain

extender (2nd. camppensnt) Agueous.dispersiop(3rd companealbBeAL R Afoie was

set to at least 4.5 mm or more, by stacking four sheets of the
urethane sheets (thickness: approximately 1.3 mm) described
in each of Comparative Examples and Examples.

5 The type D hardness was measured according to JIS K
6253-1997/180 7619 by using a type D durometer manufactured
by TECLOCK corporation. Note that the total thickness of each
sample was set to at least 4.5 mm or more by stacking four sheets
of the urethane sheets {(thickness: approximately 1.3 mm)

10 described in each of Comparative Examples and Examples.

The average cell diameter {(um) and the number of cells
ner sgquare nillimeter were determined as follows.
Specifically, an area of approximately 1.3 mm square on the
pad surface was observed in anenlargedmanner with a microscope

15 (VE-6300 manufactured by KEYENCE) with a magnification of 175.
The obtained image was binarized with image processing
software {Image Analyzer V20 LAB Ver. 1.3 manufactured by Nikon
Corporation). The number of cells was counted, and the
equivalent circle diameters and the average value (average

20 cell diameter) therecf were calculated from the areas of the
cells. Note that nolse components were removed by setting the
cutoff value (lower limit) of the cell diameters to 10 um.

The density (g/cm’) was calculated by measuring the
welght (g) of a sample cut into a piece having a predetermined

25 size, and finding the volume (cm’) from the size.
<Polishing test>

The polishing pad of each of Examples and Comparative
Examples was polished under the following polishing conditions,
and the polishing rate, the polishing uniformity, and the

30 presence or absence of scratches were observed. As workpieces,
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NV) n3W CO >1CD 310, Cli "Polishing test>> Table 4 Composon>Comp. 2x. 11 Comp. Ex. 12 Coop.
Ex.3 NCO equivalent weight of PP 680.0 720.0 760.0 Prepolymer (1st component) 2,4-Tnlis 57 251
246 Hydrogenated 141)1(D.5 P1 MG 1000 43

substrates (uniformity (CV%): 13%) in which insulating films
having a thickness of 1 um were formed by CVD from
tetraethoxysilane on 12-inch silicon wafers were used.

{Polishing rate)

(s

As the polishing rate, the amount of pelishing per minute
is represented by the thickness {(nm). Before and after the
polishing, the thicknesses of the insulating film of each
substrate were measured at 17 sites, and the average value was
determined from the measurement results. Note that, the
10 thicknesses were measured with an optical film-thickness and

fiim guality measuring apparatus (ASET-F5x manufactured by
KLA-Tencor Corporation}) in the DBS node.
(Polishing uniformity)
The polishing uniformity was determined based on the
15  dispersion ({standard deviation/average vwvalue) of the
measuremaent results of the above-described thicknesses at the
17 sites.
(Presence or absence of scratches)
In the ewvaluation of gcratches, 25 szsubstrates were
20 seqguentially polished repeatedly three times. After the
polishing, 5 substrates, namely, 21st to 25th substrates, were
measured with an unpatterned wafer surface inspection system
(Surfscan SP1DLS manufactured by KLA-Tencor Corporation) in
the high sensitivity measurement mode. Thus, the presence or
25 absence of scratches on the substrate surface was evaluated.

Note that the polishing conditions employed iﬁ the
above-degscribed test were as follows.

*Peolishing machine used: F-REX300 manufactured by EBARA
CORPORATION.

30 ‘Number of revoluticns: 70 rpm (platen), 71 rpm (top ring).
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749 75 DEG(Parts) Chain extender(2nd component) Liquid HOC(parts) 198 180 164 Solid MOCA
(parts) Aqueousdispersion rd component) Three-functionalPPG3000 (parts) 43 43 43 Water(parts)
1

-Polishing pressure: 220 hPa.

-Polishing agent: Product No: $5825 manufactured by Cabot
Corporation (amixture ligquidof undiluted $825:pure water=1:1
was used).

5 -Polishing agent temperature: 30°C.

-Amount of polishing agent discharged: 200 ml/min.
‘Workpiece used: a substrate in which an insulating filmhaving
a thickness of 1 pm was formed from tetrasthoxysilane by CVD
on a silicon wafer having a diameter of 12 inches.

10 ‘Polishing time: 60 seconds/each time.

‘Dressing: (after a polishing cloth was attached) 10 minutes.

Tables 1 to 4 show the results of the polishing test
conducted on each of Examples and Comparative Examples by using
the above-described methods.

15 Here, since the polishing pad of the present invention
needs to exhibit the effects of the polishing rate, the
polishing uniformity, and the scratch reduction in a balanced
manner, the results of the polishing test were evaluated as
follows, in consideration of the values as a product.

20 A polishing rate of 200 {(nm/min) or higher was evaluated
as Geod, a polishing rate from 190 inclusive to 200 exclusive
(nm/min) was evaluated as Fair, and a polishing rate of less
than 190 (nm/min) was evaluated as Poor.

Apolishinguniformity of 7.0 (CV%) or less was evaluated

25 as Good, a pclishing uniformity from 7.0 exclusive tc 8.0
inclusive (CV%) was evaluated as Fair, and a polishing
uniformity exceeding 8.0 (CV%) was evaluated as Poor.

Regarding the presence or absence of scratches, a case
where scratches were absent {0) was evaluated as Good, and a

30 case where (one or more) scratches were present was evaluated



TOYOCAT-ET(parts) 1 1 1 Silicone-basedsurfactant sH-1.93(Pa 4 4 4 Air loading rate(L/min 191 19.1
"Physical properties” T2m(ps) 270.0 281.0 291.0 ,40(MPa)(40'Ci 1i o Density D(g/cs 0.31 0.29 0:26

as Poor.

Then, among the three items of the polishing rate, the
polishing uniformity, and the presence or absence of scratches,
polishing pads evaluated asg Fair in terms cf none of or one

5 of the three items (polishing pads evaluated as Good in terms
of all the three items, and polishing pads evaluated as Good
in terms of two items and Falr in terms of one item) were
evaluated as preferable examples (Examples), whersas samples
evaluated as Falir in terms of two or more items and samples

10 evaluated as Poor in terms of at least one item were evaluated
as unfavorable examples {(Comparative Examples) in the present
invention.

(Test result 1 (Comparative Example 1))

The coeonventional polishing pad manufactured in

15 Comparative Example 1 where neither ailr was blown nor the
agqueous dispersion was used had a short T2y, a high storage
elastic modulus, and a high density. In addition, the
polishing pad had a structure having a large number of cells
per sguare millimeter and a small average cell diameter, i.e.,

20 a structure in which an uncountable number of very small cells
were present (see the photograph on the right in Fig. 1). As
a result, sgratches were formed, and the obtained numeric value
of the peolishing uniformity was also unsatisfactory.

(Test result 2 (Examples 1 tc 4 and Comparative Examples 2 to
25 5y

Here, Examples 1 to 4 and Comparative Examples 2 to 5

in which the solid MOCA was used as the chain extender are
" discussed. In the case where the amount of water added was
large and the amount of the sclid MOCA was small, the density

30  was too lew, and the results of the polishing rate and the



Cn(5 by mass) 82.0 84.0 87.0 X valuenkT2m/D) 871 969 1119 S value 0.72 0.72 0.72 Type A
hardnessl14a 2 0 Type O hardness() 4 2 1 Average cell diameter d(pm) 182 187 192

polishing uniformity were poor (Comparative Example 2). On
the other hand, in the case where the amount of water added
was small and the amount of the solidMOCA was large, the density
was high, and the storage elasticmodulus was also high., Hence,
5 scratches were formed, and the cbtained result of the polishing
uniformity was also insufficient (Comparative Examples 3 to
5).
In contrast, in the case of the polishing pads
manufactured with the amounts of The solid MOCA and water being
10 adjusted, so that the T2y, the density, and the storage elastic
modulus fell within the ranges of the present invention, no
scratches were formed, and the obtained results of both the
pelishing rate and the polishing uniformity were good
Examples 1 to 4).
15 (Test result 3 {Examples 5 to ¢ and Comparative Examples 6 to
8))
Examples 5 to 9 and Comparative Examples 6 to 8 in which
the liguid MOCA was used as the chain extender are discussed.
In the case where the amount of water added was large and the
20 amount of the ligquid MOCA was small, the density was too low,
and the storage elastic modulus was also low. Hence, the
chtained results were insufficient especially in fterms of the
polishing rate and the polishing uniformity {Comparative
Example 6). On the other hand, when the amount of water added
25  was small and the amount of the liquid MOCA was large, the
density was high, and the storage elasticmodulus was also high.
Hence, scratches were formed, and the result of the polishing
uniformity was also poor (Comparative Examples 7 to 8).
In contrast, 1in the case of the polishing pads

30 manufacturedwith the amounts of the liguid MOCA and water added
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Nuriner of cells /mm2 24 23 23 Thickness? la 0 1.28 1.27 Polishing test>> Polishing rate(nm/min)
216.3 (Good) 201.1 (Good) 173.3 (Poor) Polishing uniformity (CV%) 19.4(Peon) Absent(0) (Good)
10.3(Poor) Absent(0) (Good) 12.2(Poor) Absent(0 (Good)

being adjusted, so that the T2y, the density, and the storage

elasticmodulus fell within the ranges of the present invention,

no scratches were formed, and the obtained results of both the

polishing rate and the polishing uniformity were good
5 {(Examples 5 to 9).

(Test result 4 (Examples 10 to 15 and Comparative Examples 9

te 13))

Examples 10 te 15 and Comparative Examples 9 to 13 among

which the content ratioc of the polyisocyanate compound, the

10 polyol compound, and the polyamine compound was varled are
discussad. In the case where the amount {(eguivalence ratio)
of the polyamine compound was too large relative to the amount
of the polyol compound, the TZ2y was short, and the storage
elastic medulus was too high, sc that two or more ameng scratch

15 formation, a lowpolishing rate, anda lowpolishinguniformity
occurred {Comparative Examples 9 and 10).

On the other hand, in the case where the amount
(eguivalence ratio} of the polyamine compound was too small
relative to the amount of the polyol compound, the TZy was long,

20 and the storage elastic modulus was too low, so that the results
ware very poor especiaily in terms c¢f the polishing rate and
the polishing uniformity (Comparative Examples 11 to 13).
In contrast, in the case of the polishing pads
manufactured with the eguivalence ratio of the amino groups
25  of the polyamine compound and the hydroxyl groups of the polyel
compeound for forming a prepolymer being adjusted, so that the
T24, the density, and the storage elastic modulus fell within
the ranges of the present invention, noc scratgches were formed,
and the cbtained results of both the polishing rate and the

30 polishing uniformity were sufficiently good (Examples 10 to
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Presenceorabsenceof scratches(in 5 substrates) <Physical properties evaluation> For each of
Examples and Comparative Examples described above, the T2 (us), the CM (1), the density (g/cm3),
the )(value, the type A hardness(), the type D hardness(), the average 5 cell diameter (pm), the
number of cells per square millimeter, the storage elastic modulus Ef40 (MPa), and the thickness (mm)
of the urethane sheet were calculated or measured. Tables 1 to 4 show the results. Note that
methods fqrmeasuring these items were as 10follows. The pulsed NMR measurement was
conducted as follows. Specifically, a glass tube having a diameter of 1 cm was filled with a sample cut
into pieces of abodtl to:2 mppsguare td adhickriess @bdto 2 chm Then, the selaxationiehavior (free

15 induction decay, signal) of th mple was measured by using. a pulsed R measyrement
apparatus%%ﬂ\}lﬁay@ag r%gﬁ%’fa%%usr@é SPIEOL1LtAS 25 MHZ) 6’%%@0%%eeg%ﬁe%ﬁo§%v§th 90 pulse of
2.0 Ids, repetitien time: drs; Rumbgyefscans: & and tamperaturgs40€-The abtajngd decay curve was

separated by 20 the least-squares method into an amorphous phase, an interface phase, and a
crystdlline fihaseda deseending Ttder BE T2 (Spin-spirk felaxatitittime), ‘dhdtheT Zmtaridithe Cm value
were determiged. As the gtorage plastic modulys.(E4Q (MPENALANC, fhe 25 starage elastic modulus
was measured with RSA 1l of TA Instruments. Japan. according to JIS'K 7244-4 with an initial load of
10 g, a straircramgelicf 0d4e 4% danda measutingfreguency of @2ndz af 40€.0. 30 tThe type A
hardness was measured according to Japanese 30 Industrial Standards Committee (JIS K 7311) by

ré Ao Bmetir. Nt8 HACHG oA HiCRHBYs BF CAch Rampib wak SHtott gast 4.6 mm or

using a Shor

more, by stackipg foursheets.of theuethane; sheets{thicknesst approximatelyil.3 mapLdescribed in
each of Comparative Examples and Examples. 5The type 1.9 hardness was measured according to
JS K182532190 HISO G196y tsing aLtypEe D diirorieter Marufactafed bySTECLOCTK gérporation. Note

that the total thickness of each. sample was set to at least 4.5 mm or more, by stacking four sheets of
the urethanggﬁeets &hitkﬁgsg:ogppr%iimatcély TSS mm) 10 describec i%seacr%gfa%%(fn%aﬁr%tive
Examples aftidxamples:1 1 tThesaverage cell diametear (unh-and theshumber of eellsper square

millimeter were determined as follows. Specifically, an area of approximately 1.3 mm square on the
pad surface \WalbbsevetFintan enfdigéd Manferwith nictostope® A5 R/ARB 3B MaRufactured by
KEYENCE),with.a magnification-ofi.75: Je obtained image was binarized with image processing
software (Image Analyzer V20 LAB Per. 1.3 manufactured by Nikon Corporation). The number of cells
was tdunted, and Hie:equivatemtchtiddiameaters and the averagealuevavérage 2@ gell diameter)
thereof were calc:lLJL t%% fr%m r&h% areas of 1t.gle cells. J[\[{%e tgrat ggifg components, were rggr}noved by
setting the Eiitoft valtie (lower ﬁmltfo the 'cell digmeters 1610 pm. 9 PTRéE densi?y (g‘?cmS) was
calculateddyaeasuring the weight (g)eof asample cutdntoia piece having:a psedetermined 25 size,
and finding the volume (cm3) from the size. <Polishing test> The polishing pad of each of

Examples @hd¥Somparafire Exanipiessvas poliRhed uhderthe TeliGHirty folishng dditfitions, and the
polishing rate, the:palishing uniformiiy, and the, 30 presence qr.ahsence of seratches were observed.

As workpieces, substrates (uniformity (CV%): 13%) in which insulating films having a thickness of 1
um viédre farmmer:by CVD from tetraethoxysilane ohtl2- neh silicen wafersswerecased. (Polishing rate)
addition, also since a localized lcad is legs likely to be
applied to a workpiece because of the low storage elastic
mocdulus and the low density, scratches can be reduced.
Moreover, Lhe polishing‘?ad of the present invention is
26  softer than polishing pads having polishing layers nolded by
conventional dry methods, the polishing pad of the present
invention is excellent also in polishing rate and polishing
uniformity. Meanwhile, since the pelishing pad of the present
invention ig dry~molded, the polishing pad has a lower wearing

30 rate of the polishing surface than wet-moided polishing pads.



As the polishing rate, the amount of polishing per minute is represented by the thickness (nm). Before
and after the polishing, the thicknesses of the insulating film of each substrate were measured at 17
sites, and the average value was determined from the measurement results. Note that, the 10
thicknesses were measured with an optical film-thickness and film quality measuring apparatus
(ASET-F5x manufactured by KLA-Tencor Corporation) in the DBS mode. (Polishing uniformity) The
polishing uniformity was determined based o t(}g 15 dispersion (standard deviation/average value) of
the measb%%rrﬁ%%t' retvsyﬁﬁtsp (SDfH(Ie %}éjb%%e?&e%scorfﬂéi t%i(ﬁ(}:neeés%élssta e 17°sites. (?—ﬂelé%gel or absence of
scratches)aln ther evaluation of seraiches - 25 sulisitates were;2Q:sequentially pelisired-egpeatedly three
times. After the polishing, 5 substrates, namely, 21st to 25th substrates, were measured with an
unpatternét-wafdr Surfaceingedtion systém (Sitfstani-S¥1DP3maribifactlifed By K& Fencor
Corporation) in.the;hjgh sensitivity measyrementinade. Thus, theguesepce gr 25,absence of _
scratches on the substrate surface was evaluated. Note that the polishing conditions employed in
the albovesdescrised test avete fais follows r Raotishihgomachinengsea: - REX300hanbfactured by
EBARA CORPORATION. 30-Nurriber of revolutions: 70 rpm (platen), 71 rpm (top ring). -Polishing
pressure: S50nPa -POhshAG Sent: PraoceNe. b MamueHireA by CaBst Gt bupdion (2 mixture
liquid of undiltitedk 5525 4 -puire maten=di 2l waspised).rb-Polishing agent temperature: 30C. -Amount of
polishing agent discharged: 200 ml/min. -Workpiece used: a substrate in which an insulating film
having a thickness of 1 um was formed from tetraethoxysilane by CVD on a silicon wafer having a
diameter of 12 inches. 10-Polishing time: 60 seconds/each time. -Dressing: (after a polishing cloth was
attached) 10 minutes. Tables 1 to 4 show the results of the polishing test conducted on each of
Examples and Comparative Examples by using the above-described methods. 15Here, since the
polishing pad of the present invention needs to exhibit the effects of the polishing rate, the polishing
uniformity, and the scratch reduction in aloalanced manner, the results of the polishing test were
evaluated as follows, in consideration of the values as a product. 20 A polishing rate of 200 (nm/min)
or higher was evaluated as Good, a polishing rate from 190 inclusive to 200 exclusive (nm/min) was
evaluated as Fair, and a polishing rate of less than 190 (nm/min) was evaluated as Poor. A polishing
uniformity of 7.0 (CV%) or less was evaluated 25 as Good, a polishing uniformity from 7.0 exclusive to
8.0 inclusive (CV%) was evaluated as Fair, and a polishing uniformity exceeding 8.0 (CV%) was
evaluated as Poor. Regarding the presence or absence of scratches, a case where scratches
were absent (0) was evaluated as Good, and a 30 case where (one or more) scratches were present
was evaluated as Poor. Then, among the three items of the polishing rate, the polishing
uniformity, and the presence or absence of scratches, polishing pads evaluated as Fair in terms of
none of or one
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5 of the three items (polishing pads evaluated as Good in terms of all the three items, and polishing
pans evaluated as Good in terms of two items and Fair in terms of one item) were evaluated as
preferable examples (Examples), whereas samples evaluated as Fair in terms of two or more items
and samples 10 evaluated as Poor in terms of at least one item were evaluated as unfavorable
examples (Comparative Examples) in the present invention. (Test result 1 (Comparative Example 1))
The conventional polishing pad manufactured-n 15 .Comparative Example 1 where neither air was
blown nor the aqueous dispersion was used had a short T2m, a high storage elastic modulus, and a
high densiB. daraddition, the polishing pad had a structure having a large number of cells per square
millimeter and a sglalloailgg%%e cell digm%t_er ibeI'-‘Zs a strugturgn;n which an urncguntable number of
very small cells wére present @%eptﬁe p*hoifo rapﬁ o the ngh% n T:Cl:go.ri “Ksa resﬁff,léjc(?étches were
formed, ardtherabiained:-ngwerievatue otipepolishingunifersitywwas Rlsesnsatisiactory. (Test result
2 (Examples 1 to 4 and Comparative Examples 2 to 255)) Here, Examples 1 to 4 and Comparative
Examples =05 i RBREIF tHe-Solid- MO € BET4S Used as théicham - edtendet afe didtessed. In the case

where the amount gf water adge@ewajgr]g[g:etq@qlth%ggyﬁnt of %§oliq M@?A was small, the density

30 was too low, and the results of the polishing rate and the polishing uniformity were poor
(Comparative. Example: 2 -@m theiotiver handninithercase where thésamouhs eflwitér adeded was small

and the amount of the solid MOCA was large, the density was high, a ﬂthe torage elastic modulus
was also hslblfg) .jl-elgr?(?ec} 5 Scfa gﬁé@ %%r%?ggﬁg& “and 88%?&%?9%% yofstﬁ%tp%%gﬁiﬁa%niformity was

also insufficig{Comparative;Exampies 3 teBler ol sentrasipinthe-case-of the pelishing pads
manufactured with the amounts of the solid MOCA and water being 10 adjusted, so that the T25, the

densify, ard thé sttage elastic rottlis el WithintHAe angds orthe presentimentibn, o scratches

weere formed Bt i abiainad 1esls ol bolh e.Rlishing Tels 200 e poliaingunitormity were good
(Examples 1t0 4). 15(Test result 3 (Examples™ to 9 and Comparative Ex mgles 6to 8
Examples$ tol 8 apdt@Gdamparativen Examplés 6 the8 irewhiichdheoligiid MOCAapds used as the chain

extender are discussed. In the case where the amount of water added was large and the 20 amount of
the liquid MOCK WasEmal"the density Was 188 16W Bind fie 3toPage ERsticTmodtias Wi also low.
Hence, the oftaired, resultsqwere-insyfficient especially in terms of the polishing rate and the polishing
uniformity (Comparative Example 6). On the other hand, when the amount of water added 25 was
small@and the amount ofitheé figuRI-MOTGA Syasyaiges thecdarsityt Was highs and thé sterage elastic
modulus was also high. Hence, scraiches were formed,. and the result of the polishing, uniformity was
2150 poor (CE A il 18] e obEads, T the Cae BTG Bl P 30
manufacturednwith the.@mounis of thedliquid IMOGA and water addeds beinggdjustied,ssomthat the T2m,
the density, and the storage elastic modulus fell within the ranges of the present invention, no
scratches Whé forfifed’ antl the ditaindddedults 8FHsth tHe Dotighifg T4téand tife Pélisring uniformity
were good;5S(Examples ade9). LTest result 4 (Examples 10 to 15 and Comparative Examples 9 to
13)) Examples 10 to 15 and Comparative Examples 9 to 13 among which the content ratio of the
polyi8dcyanate compoure; theeethane-polyurea resin foam has a density D in

a range from 0.30 to 0.60 g/cm’.
Claim 2
The polishing pad according to claim 1, wherein
the ratio {Cu) of the M component present in the resin
25 foam is in a range from 55 to 80% by mass, and
an X value determined by X=T24/D is in a range from 350
to 800.
Claim 3
The polishing pad according to claim 1 or 2, wherein

30 the polyurethane~polyurea resin foam has an average cell
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10 polyol compound, and the polyamine compound was varied are discussed. In the case where the
amount (equivalence ratio) of the polyamine compound was too large relative to the amount of the
polyol compound, the T2m was short, and the storage elastic modulus was too high, so that two or
more among scratch 15 formation, a low polishing rate, and a lowpolishinguniformity occurred
(Comparative Examples 9 and 10). On the other hand, in the case where the amount (equivalence
ratio) of thg pé)rlga%{gige cprqwadow% 100 I%mall relative to the amount of the polyol compound, the
T2mwas long, % and ﬁfe storage elastic Modulus was too low, so that the results were very poor
especially in termsdof the polishing rate and the polishing uniformity (Comparative Examples 11 to 13).
In contrast, in the case of the polishing pads manufactured with the equivalence ratio of the amino
groups 25 of the polaniife totpstidiand tHe RydroRyIgroaps of fife BlyBI-EamBodnd for forming a
prepolymet bejpg.adjusted, so that the T2m, the density, and the storage elastic modulus fell within the
ranges of the present invention, no scratches were formed, and the obtained results of both the
polishing rate and the 3@ polisking: baifermitlweresufficieritly gbod (Examsples 10102153 As is
apparent f om hleegbog% i%hg case of éhe %Iisshing pads of Examples 1 to 15, in which the T2m was
160 to 260 ps, he s%orage elastic modlcj]u% was 1 to 30 MPa, which was measured at 40C with an
initial load®f 40:g, 5 strain range of 0.01 to 4%, and a measuring frequency of 0.2 Hz in a tensile
mode, and the density D was in a range from 0.30 to 0.60 g/cm3, no scratches were formed on the
polishing surfaces ‘Ot weétkpietBs "and it Bbtafed - results ofthe pofistirg Faté16Pand fife polishing
uniformity wergalsq.geod. Hence, it was found that, in contrast to Comparative Examples 1 to 13, the
effects on all the scratch reduction, the polishing rate, and the polishing uniformity were exhibited in a
balari@ed manner.dhdustrial Applicabitity-15Since tie potishing padof the presentyipeention has a T2m
within a mgdergte range, ttge gres 'éngdgrolperties are excellent. Since the opening portions are
resistant to %Fog%?nsgsbecause of the I0W density, scratches are less likely to be formed. Meanwhile,
since the T2mis within the moderate 20 range, the polishing uniformity can also be secured, in
addition, also since a localized load is less likely to be applied to a workpiece because of the low
storage elastic motifusCand-the'fodr BEsifyC Seratchies ¢an Bé Yedited? MéredvBE the polishing pad of
the preserg’in\ég_{giggﬁ 25 softer than polishing pads having polishing layers molded by conventional
dry methods, the polishing pad of the present invention is excellent also in polishing rate and polishing
unifotmity. Meanwhilez siacelthepolishirgnpat ofithé present inwertion. is deyrinoided) the polishing
pad has a lower wearin% 30 rate of the olishin% surface than wet-molded polishing pads. Hence, the

polishing pad Bf the Present IKvention Tan rétaif & donstafit folfshing state 1ot 836ty pfiod.

Therefore,ralthpughdry-melded, thepalishingspad,af theipresentinvention can be advantageously
used for both primary 5 processing and finish processing. Therefore, the polishing pad of the present

invention &nd:ie manufacturing method therefor have industrial applicability. Claims Claim 1 A

polishing pad for pelishinga,semjcqnduiciar.device, amarising Apolishing laver having.a
polyurethane-polyurea 5 resin foam containing substantiall spﬁiencaﬂ%eﬁ)ls, wherein Awhen a free
induction decayrsigral{EZ®D) of thenpolyureth@ne-polyurea resin foam obtdined by pulsed NMR is
subjected to waveform separation by sequentially subtracting components in descending order of

spin-spin relaxatiod tinf& £8 $530a<¥d on4 fdast-Squares dkdd ndthus dRRISERT-three
components-gf.L (amomhous:Rhase), M.(ateriace phase), and SAcrystaliing phase) ja descending

order of spin-spin relaxation time T2, the M-component has a spin-spin relaxation time T2m of 160 to
260 ps, 15thepalyuretianeppfyurea flesin Joahxhas @ storage! elastic enodulas Eyofdte30 MPa, the
storage el%sticf (r)naongulu%gg%ilngemeasure aé 4%% Wét@i%n iniggl, Iogd &f_ 10 g,nzg%strain range of 0.01 to
4%, and a measurlngsfrequency of 0.2 HZ'in & tensite mofe, and 20the dolyure ha%e-%oﬁlurea resin
foanpbas adensiypDinve with all the components;

a mixing step of mixing at least the isoccyanate
group—-contalning compound (&), the polyisocvanate compound
(B), the polyamine compound (D), the mixture liguid (E)
comprising the water, the foam stabilizer, and the reaction

30 catalyst, and the gas non-reactive with all the components with
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a range from 0.30 to 0.60 g/cm3. Claim 2 The polishing pad according to claim 1, wherein the
ratio (Cm) of the M component present in the resin 25 foam is in a range from 55 to 80% by mass, and
an X value determined by X=T254D is in a range from 350 to 800. Claim 3 The polishing pad
according to claim 1 or 2, wherein 30the polyurethane-polyurea resin foam has an average cell
diameter of 120 to 185 pm. Claim 4 The polishing pad according to any one of claims 1 to 3, wherein
the polyurethaﬂe&ptgjég:reg Ore%ikr)\tfg%m has a type A tlardn%%s Qf 20 to ?% de rees; Claim 5 The

polishing p@aaL according to any one of Glaims 116 %, wherein 10the %‘8 yu?‘ent aﬁe-p%?%’rea resin foam

has a type D hardaess 9h5:6 85idegreesClainm6 [thenpolishing pagaccording 40 anyane of claims 1
to 5, wherein 15a layer harder than the polishing layer is laminated on a surface of the polishing layer,

the surfacé Beiry oppdsiterom & follshirig SGrfacedf-the PolisRingdayér. TIART7 A mathod for
manufacturing the palishing, pad. according 20, to-any, ope of claims 1,106, thS:'HEEhﬁ‘?i%Qj“p”Sing:

a preparation step of preparing an isocyanate group-containing compound (A), a polyisocyanate
compéundi@)sa pelyamine competnd D)y a mixture liquid. (B fcomypesing water;a foam stabilizer,
and a reacttilgg Cat?Ll st, and a %as 2? non-reactive with all the components; a mixing step of mixing at

least the isotyanate group.Contaming compourid (A, tié polyisocyanate compound
Claim 8

The method for manufacturing the polishing pad according
to claim 7, wherein
10 in the preparation step, a polyol compound (C-Z}) is
further prepared, and
in the mixing step, the pclyol compound (C-2) is mixed.
Claim 9
The method for manufacturing the polishing pad according
15 te claim 8, wherein
in the preparation step, the polyamine compound (D} and
the polyel compound (C~Z) are prepared, with the eguivalence
ratio of aminoc groups of the polyamine compound (D) to the sum
of the chemical egquivalents of the amino groups of the polyamine
20  compound (D) and hydroxyl groups cf the polyol compound (C-2)
(the chemical eguivalent of active hydrogen groups) being 0.70
to 0.97 (the aminc groups/(the aminc groups+the hydroxyl
groups) ) .
Claim 10
25 The method for manufacturing the polishing pad accerding
to any one of claims 7 to 9, wherein
the polyvamine compound (D) is a crude
methylenebis {(o~chloroaniline) (MOCA) which is a mixture of
monomer and multimers of MOCA and which contalns the multiners

30 in an amount of 15% by mass or more.

60



(B), the polyamine compound (D), the mixture liquid (E) comprising the water, the foam stabilizer, and
the reaction 30 catalyst, and the gas non-reactive with all the components with each other to obtain a
mixture liquid for molding a foam; a foam-molding step of molding a polyurethane-poiyurea resin
foam from the mixture liquid for molding a foam; and a polishing layer formation step of forming a
polishing 5 layer having a polishing surface for polishing a workpiece from the polyurethane-polyurea
resin foam,, Claim The method for manufacturing the polishing pad according to claim 7,
wherein 1&n ?ﬁénpreparation step, a polyol compound (C-2) is further prepared, and in the mixing
step, the polyol compourd (C2¥is:mixed: Claim 8: ng the dheimethed formanufaciuring the
polishing pad according 15 to claim 8, wherein in the preparation step, the polyamine compound
(D) and thé Pofyoite obiid {€-2\'&rESrBpared, with the equivalence ratio of amino groups of the
polyamine compo (D Su  ¢hemigal equivalent | o he polyamine
20 compound (D) Lg‘;t% hy%%&?éroﬁap(%&%hg&solyﬁc%?np(ﬁ%gﬁd C?g?th% c%qrr;%céﬁl%%%\%alent of active
hydrogen groups). being OpZ0L to(@.8Z(thezaminplgroups/ (teraminosgroupskthe fydraxykgroups) ) .
Claim 10 25The method for manufacturing the palishing pad according to any one of claims 7 to 9,
wherein th8polyaiRdcdRpsind (D)isacrude® methyleRébis (B-chidtoaniling) ACA) which is a
mixture of monomer and multimers of MOCA and which contains the multimers 30 in an amount of
15% by mass or more. Claim 11 The method for manufacturing the polishing pad according to
claim 8 or 9, wherein the polyol compound (C-2) is poly(tetramethylene 5 glycol) or
poly(propylene glycol) having a number average molecular weight of 500 to 5000, or a mixture thereof.
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