F-PO7108TR(SG) SPECIFICATION POLISHING PAD AND MANUFACTURING METHOD THEREOF
TECHNICAL FIELD 5 The invention relates to a polishing pad capable of performing planarization of
materials requiring a high surface planarity such as optical materials inclfidifg/d BHRERE XN reflecting
mirror, a silicon wafer, a glass substrate or an aluminum substrates for a hard disc and a product of
general metal polishing with 10 stability and a high polishing efficiency. A polishing pad of the invention is
preferably employed, especially, in a planarization step of a silicon wafer or a device on which an oxide
layer or a metal layer has been formed priolSBEQIRECARIRNG an oxide layer or a metal layer thereon.

15 BACKGROUND&FIT ical Hals\remni {ﬂfﬁﬂﬂt’n g h%s %de a single-crystal
silicon disk called a’si |C(%%i\?v?§§r %ﬁé@cﬁé@rﬁég uctor m@éﬂé %T;f(ﬁ% , LSI). The surface
20 of the silicon wafer should be flattened highly accurately in a process of producing IC. LSI etc., in
order to provid Eﬁ ?ﬂﬁ Ff*ffﬂ ctor connections for various coatings used in manufacturing the
circuits. In the 2%?}) 0 poﬁsﬁ?ﬁlg Inish, a polishing pad is generally stuck on a rotatable supporting disk 25
called a pldien, while aThelipees tiochrelates focamhlisiving pads caprahlernd polishing head. By
movement of thGua. & AP MEsRFsis AdCIRIGd helu sen dha RIPeR A duedegUshing head while

y supplied to S

polishing slurry’having abrasive grains Is continuous e poiishing pad, to effect polishing
processing. 30 plaratitiysuskaswintioahmpatarialeinshudingna lénshand a reflecting

mirror, a silicon wafer, a glass substrate or an aluminum substrates
for a hard disc and a product of general metal polishing with

10 stability and a high polishing efficiency. A polishing pad of the
invention is preferably employed, especially, in a planarization step
of a silicon wafer or a device on which an oxide layer or a metal
layer has been formed prior to further stacking an oxide layer or a
metal layer thereon.

15
BACKGROUND ART

Typical materials requiring surface flatness at high level

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

20 of the silicon wafer should be flattened highly accurately in a
process of producing IC. LSI etc., in order to provide reliable
semiconductor connections for various coatings used in
manufacturing the circuits. In the step of polishing finish, a
polishing pad is generally stuck on a rotatable supporting disk

25 called a platen, while a workpiece such as a semiconductor wafer is
stuck on a polishing head. By movement of the two, a relative
speed is generated between the platen and the polishing head while
polishing slurry having abrasive grains is continuously supplied to
the polishing pad, to effect polishing processing.

30 As techniques manufacturing a polyurethane foam, which is
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1 F-PO7108TR(SG) a material of a polishing pad, methods have been known, in one of which an organic
solvent with a low boiling point such as fleon or methylene chloride is added and dispersed into a foam
forming raw composition to foam a polymer by gasification thereof due td- 5 HASFZEH6A heat and in
the other of which water is added and dispersed into a foam forming raw composition to foam a polymer
with carbon dioxide generated by the reaction of water with an isocyanate group. Foams obtained by
means of the methods have cells with the lower limit of an average diameter of 100 m therein, 10 thereby
having encountersthtetit oifyacpodisinng foed) midthodschinesr havioknoslis, #s omsnofacturing
methods of pol)(”ulclelti]iane foam with fine cells .ttﬁrae% vtvhg fgl]owin%irlrl@thodﬁ hav& t())een known: (1) a

method in which sovernt solubre ’f?ngopgﬁﬂ: esare dlspersg & Pioh |Jsc151§ureaﬁ1ar?e Ip}o?;.mer, the polymer

is molded into anptt-htdlumithbsimpéeamd_dhéraaﬂedjmmewédﬁqterfnadgfer’minmsed into a
solvent in WhICI‘}:g})% Vgg;%ﬁgﬁh@gef (p%)llxrger(ﬁgr%t? rﬁgio%gg%%tt%%fﬁleep%tpﬁea{ dissolved to thereby

dissolve and rem Ine particles a us polyurethane 20 resin, that is a foam (Patent
Literature B, amplgmerigdtidrinhebichfiddxahie dohers of avbisple watientis adstgduagtiane resin forming

raw COmpOSi“Oﬁ{ffé?&&iiﬁ@%%gm%@%ﬁgﬂwiQQﬁ?ﬁ%ﬁi@& ¢4 Péf,ats%igﬁﬁwe 1, however, a

25 great quantity of a solvent is require eatment of the solvent contain e particle forming
material is furthwithegarbdnvdiekidatgieneraitgdcbytthe reagkion fobmatentavith @sly open cells and

cannot be usedigbgggmﬂ:téogr@%'jrinngM%btained by means of the methods have

cells with the lower limit of an average diameter of 100 pm therein,
10 thereby having encountered a difficulty obtaining a foam with
more finer, uniform cells.
As manufacturing methods of polyurethane foam with fine
cells therein, the following methods have been known:
(1) a method in which solvent soluble fine particles are dispersed
15 into a polyurethane polymer, the polymer is molded into a
predetermined shape and thereafter, the molded intermediate is
immersed into a solvent in which the polyurethane polymer is not
dissolved but the fine particles are dissolved to thereby dissolve
and remove the fine particles and to form porous polyurethane
20 resin, that is a foam (Patent Literature 1), and
(2) a method in which fine-cavity foams are dispersed into a
polyurethane resin forming raw composition (Patent Literatures 2
and 3).
According to the method of Patent Literature 1, however, a
25 great quantity of a solvent is required and a treatment of the
solvent containing a fine particle forming material is further
required, which entails a high cost. An obtained foam contains
only open cells and cannot be used in application requiring rigidity,
which imposes limitation on application. What’s worse, a

30 necessity arises even for a step of elution and a step of evaporating
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which imposes limitation on application. What's worse, a 30 necessity arises even for a step of elution and
a step of evaporating 2 F-P07108TR(SG) a solvent, which has leads to a problem of calling for a long
time in fabrication of a molded product with a large thickness. On the other RRAEF tHeStkethods of
Patent Literatures 2 and 3, since fine-cavity foams have a great tendency to float up in 5 a raw
polyurethane reaction liquid due to a difference in density, a difficulty is encountered manufacturing a
uniform foam, the fine-cavity foams are comparatively expensive and a material of the fine-cavity foams
remains in the faaolreapredich thesxclnadstng psebiemmnofroaltimg 6dxgwvilungatimgeito a blade in
cutting 10 'th fqg{ﬁ]n%n itge.lti)li.e. I\I‘{Iiorl%%v(f:r l’ggﬁ 1;ing v(s:r?t\ﬂ% fﬂﬁ'mes gﬁ&g&g sté) fly away, which requires a
great cost in insta mgafamfl]tles or Qeeplng a working environment in"a'good condition. A polyurethane
resin foam is employedQas thigotithiew lpaaid Lse dhefabeidatids of Paticonh kitlesatiwardésrInanufacturing a

15 semiconductor &J vi%?ncg eﬂ}? ILk_% and fagrgclg o Qf 20 gslr%g otréi% eLﬁ)cS e Hg@fp{gcision polishing
is demanded to a polishing” pad In comp%ny with a progress toward a |g*|er compactness in formed
circuitry, artd a Aaaiwepelyntted hihnofragutiomiiquud due sy @ stiffiecefveeninsdensidyted so as to be

adapted for a ki&gﬁgﬁgﬁe%a[?q%%gEm%qyimﬁig%gggin&@ﬂ&pﬂ? 'nghc, urry used in polishing.

For example, a ceria slurry is larger in partic ter than a silica-based slurry and in a case
where a ceria-!s"ase@etdhsy fgempleye_wamgmiﬁw@yswmiemmda pmm:nj dd with a higher _
hardness than ifya GRE PRIy FéRmLCre Bashtb SH e Yo 2 TH' 3 bbbl ¥ % HiG-ohgPlems. a production

method,
having resulted in problems of giving damage to a blade in cutting

10 the foam and the like. Moreover, the fine cavity foams are easy to
fly away, which requires a great cost in installing facilities for
keeping a working environment in a good condition.

A polyurethane resin foam is employed as a polishing pad
used in fabrication of a silicon substrate for manufacturing a

15 semiconductor device or the like and fabrication of an electronic
substrate. A high precision polishing is demanded to a polishing
pad in company with a progress toward a higher compactness in
formed circuitry, and a hardness or the like of a polishing pad (a
polyurethane foam) is requested so as to be adapted for a kind and

20 particle diameters of particles contained in a polishing slurry used
in polishing. For example, a ceria-based slurry is larger in particle
diameter than a silica-based slurry and in a case where a
ceria-based slurry is employed as a polishng slurry, it requires a
polishing pad with a higher hardness than in a case where a

25 slica-based slurry.

As a method of solving the problems, a production method,
or a so-called mechanical foaming method, has been disclosed of a
polyurethane foam having uniform, fine cells and with a higher
hardness than a polyurethane foam with the same density,

30 produced without using a foreign material such as a chemically
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or a so-called mechanical foaming method, has been disclosed of a polyurethane foam having uniform,
fine cells and with a higher hardness than a polyurethane foam with the same density, 30 produced
without using a foreign material such as a chemically 3 F-P07108TR(SGF 1208 4%y agent
including water, a gasification expansible foaming agent including fleon, fine-cavity foams, a solvent
soluble material or the like (Patent Literature 4). As a chain extender,
4,4'-methylenebis(o-chloroaniline)(MOCA) is preferably used from 5 the viewpoint of a reactivity and a
physical properteactiviecfolaenihg agitdina dlpdingetrties faggasifovatien expaasiblenere MOCA is

used, a proble oQ}las fanrisgn éfﬁ@tia 8?11.' dqirzilm georﬁn o lﬁg)g_lx%ei&hapoe ressira fog{p,és Lag ﬁﬁf‘d easy to cause
fluctuations in the d%m%teﬁ exeﬂlng AN Hdverse influence on poﬂgﬁlﬁg haracteristics. 10 As polishing

characteristics cniatpoi@:mgqbgdli@e mm_mrmmtmf_s ejuessea tﬂ&tm m:ttfhgibmbject is excellent in
polisned object ok B HEHEH IS SR CREI PR DRI RICTA s, A1
polishing s§eectb&mb§m§d>by ims&i;?ﬁ@yaah_mmlqtﬁinﬁlymbnme thiedikevah qells therein.
made rom 2 P B B O o
produced by redstirgedn a'sp_t.thﬁms l}aﬁyﬁnmitth_atmﬂﬂéﬂm dnriﬂgabs_m)%m chain
e o S BSOS IRl St MOty el
exerting an adverse influence on polishing characteristics.
10 As polishing characteristics of a polishing pad, on the other
hand, it is requested that a polished object is excellent in planarity
and in-plane uniformity and a polishing speed is large. A planarity
and in-plane uniformity of a polished object can be improved to
some extent with a polishing layer higher in elastic modulus. A
15 polishing speed can be bettered by increasing a holding quantity of
a slurry on a foam with cells therein.
As a polishing pad satisfying the above characteristics, a
proposal has been offered of a polishing pad made from a
polyurethane resin foam (Patent Literatures S to 8). The
20 polyurethane resin foam is produced by reacting an isocyanate
polymer with a chain extender (a curing agent) and as chain
extenders, 4,4’-methylenebis(o-chloroaniline)(hereinafter, referred
to as MOCA) is preferably employed from the viewpoint of a
reactivity and a physical property and the like of an obtained
25 polyurethane foam.
Since MOCA contains chlorine in a molecule thereof,
however, and has a demerit in an environmental aspect: generation
of a harmful material such as dioxin in disposal as waste, there is a

possibility that usage is limited or prohibited in the future. Hence,

30 a desire has been built up for development of a polishing pad
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25 polyurethane foam. Since MOCA contains chlorine in a molecule thereof, however, and has a demerit
in an environmental aspect: generation of a harmful material such as dioxin in disposal as waste, there is
a possibility that usage is limited or prohibited in the future. Hence, 30 afted¥elR8d R€&Rbuilt up for
development of a polishing pad 4 F-PO7108TR(SG) containing no halogen. As a high-molecular polyol
component of an isocyanate prepolymer, polyether (polytetramethylene glycol with a number-average
molecular weight in the range of from 500 to 5 1600) or a polycarbonate is preferably employed from the
viewpoint of hycahtsismiaegstentmleestic characteristic, abrasion resistance and the like. After

planarization of many oAss%nﬂcltngrlﬂc ercv'\ﬁaf‘?rrigv\?;g Qe Pé)llllgfﬁl{lg ad, fine deﬁr%%smns and protrusions

an isocyana
on a surface of 10 the polishirg pad are wor ay, resufting in re uetion in Ber ormance to feed a
polishing agentgzesiolyinenicpalyslidiend polytet ame thylena@lycolweith, aecrease in planarization

speed on a wafer polishing surfac sid egradation in planarzatio cteristic. Therefore,
after pIa\narizati%‘rﬁ“g‘?)aﬁe 1111%‘%%{ gﬁrﬂ%%ﬁdﬁ%%g sle%m@égr?ci}lcggr(\’/?a egr‘}gia%eﬁ g#e%:ted, the surface of
the polishirfy patibioPlece sspolysabmmtecs préfesabhe emiplireedifyymitthe dresser. A predetermined

pad and the aur o S e e,
however, has heesispasisierandhdbhe dikesing speed is low in dressing and a dressing time is

After planarization of many of semiconductor wafers using
one polishing pad, fine depressions and protrusions on a surface of

10 the polishing pad are worn away, resulting in reduction in
performance to feed a polishing agent (a slurry) onto a polishing
surface of a semiconductor wafer, decrease in planarization speed
on a wafer polishing surface and besides, degradation in
planarization characteristic. Therefore, after planarization of a

15 predetermined number of semiconductor wafers are effected, the
surface of the polishing pad is necessary to be renewed and
roughened (dressing) with a dresser. A predetermined time of
dressing generates numberless fine depressions and protrusions on
the surface of the polishing pad and the surface of the pad is

20 transformed into a fluffy state.

A conventional polishing pad, however, has had a problem
that a dressing speed is low in dressing and a dressing time is
excessively consumed.

Patent Literature 1: JP 2-91279 A

25 Patent Literature 2: JPN 8-500622 A

Patent Literature 3: JP 2000-343412 A

Patent Literature 4: JP 3490431

Patent Literature 5: JP 3013105

Patent Literature 6: JP 3516874

30 Patent Literature 7: JP 2000-17252 A
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excessively consumed. Patent Literature 1: JP 2-91279 A 25 Patent Literature 2: JPN 8-500622 A
Patent Literature 3: JP 2000-343412 A Patent Literature 4: JP 3490431 Patent Literature 5: JP 3013105
Patent Literature 6: JP 3516874 30 Patent Literature 7: JP 2000-17252 AFsHO-EP8GKIRSG) Patent
Literature 8: JP 3359629 PROBLEMS THE INVENTION TO SEEK TO SOLVE It is an object of a first
invention to provide a 5 manufacturing method of a polishing pad made from a polyurethane resin foam
having very uniform, fine cells therein and a polishing pad obtained by means of the manufacturing
method. It is an object Phtendrkitewhtoird BydRi88SA6RDVvide a polishing pad more excellent in
polishing characteristics 10 (especially, a planarization characterization) than a conventional polishing
pad and having no halogen therein, and a manufacturing method thereof. It is an object of a fourth
invention to proRiROBLENMSHTH BN VERNIIONCHQIIBEFI0I MO BB lanarization characteristic and a

polishing speed of a copventional polishi i intained. It is an object of the invention to provide
a fabrication method o a%ear%cgcg)rr ﬁcﬁgfge%/i?c%a%‘i%@ﬁ@%ﬂ%grggifﬁiﬁg pads. MEANS TO SOLVE
PROBLEMS 20nTamufactusisdane tlood edtadpsdishingt paid smadedfrom golve the problems with a

resultant discovgry 0oL {18 RECPISIRS sS4 HEaRNE S ¥rY dhg Rl P RUSHUNG BREH,ANd manufacturing

and a polishing pad obtained by means of the manufacturing
method. It is an object of second and third inventions to provide
a polishing pad more excellent in polishing characteristics

10 (especially, a planarization characterization) than a conventional
polishing pad and having no halogen therein, and a manufacturing
method thereof. It is an object of a fourth invention to provide a
polishing pad improved on dressability while a planarization
characteristic and a polishing speed of a conventional polishing

15 pad is maintained. It is an object of the invention to provide a
fabrication method of a semiconductor device using any of the

polishing pads.

MEANS TO SOLVE PROBLEMS

20 The inventors have conducted serious studies in order to
solve the problems with a resultant discovery that the problems
can be solved with the following polishing pads and manufacturing
methods thereof, which has lead to completion of the invention.

The first invention relates to a manufacturing method of a

25 polishing pad including a step (1) of mixing a first component
containing an isocyanate-terminated prepolymer into a second
component containing a chain extender for curing to produce a
polyurethane resin foam, wherein the step (1) is a step of adding a
silicone-based surfactant into the first component so as to be in

30 the range of 0.05 to 10 wt % in a polyurethane resin foam,
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methods thereof, which has lead to completion of the invention. The first invention relates to a
manufacturing method of a 25 polishing pad including a step (1) of mixing a first component containing
an isocyanate-terminated prepolymer into a second component containirig BEHERS Ex€&¥der for curing to
produce a polyurethane resin foam, wherein the step (1) is a step of adding a silicone-based surfactant
into the first component so as to be in 30 the range of 0.05 to 10 wt % in a polyurethane resin foam, 6
F-PO7108TR(SG) agitating the first component together with a non-reactive gas to thereby prepare a cell
dispersion liquicgitating thenirstcactivpoges tstdgpthesdre tHimcnsiisreadtiiver gafctomixing the second
component into,the cell dispersion liguid for curing ta theteby 5 gro a polyurethane resin foam, and
wherein a chaintrlélgfgr%a'ewi%pgr{ %%r%?céﬁ%?fgﬁ]ﬁngo\%&ﬂ#@n%{él mg“%%iﬁ‘gf d&ﬁﬁg%\l/‘e’ﬁ According to the
manufacturing gashisddisipepsedills finehtallsaquulytheteaftar ariting e seranvdry uniform, fine cell

structure. 10 The inventars,have found thata pol han in f ing.fine cells small in
fluctuation in digr%lgtg?#%a%iﬁlltsoo teaiﬁg1 8353’5‘?%{36% gr%?r#’gioﬁo%?rrlﬁ (i:q\)/wt %ﬁ%ﬂng point of 70C or
lower instead opktdaeecapalyimethangviegivefoanscdnditpreééncacchJimcextendehnerefor is inferred

in the following .15, way: ﬁ [%I iNg RO MOCA is 10 Ads,Rixed.into a _cell dispersion liquid
in a molten statgs(gt a rout gl()%c? g‘%%%ed%%gréiér} %&ﬁﬁ&%@%ﬁﬁ’f Zﬁﬂétélé gé‘g%tg'mperature of the
order in the range of 68¢c@Glingferthesinsaufditarvimg methasbritireHassiMOOBA in a molten state

is large, cells indPeagfil'a 2 HRS AR LWL A PIR6R NaRiolER P AP AR ICHRALSe RN
structure.

10 The inventors have found that a polyurethane resin foam
having fine cells small in fluctuation in diameter therein is
obtained by using an aromatic polyamine with a melting point of
70°C or lower instead of MOCA conventionally having been used
with preference. The reason therefor is inferred in the following

15 way: A melting point of MOCA is 106°C and MOCA is mixed into a
cell dispersion liquid in a molten state (at about 120°C). The cell
dispersion liquid is usually adjusted at a temperature of the order
in the range of 60 to 80°C, wherein since a difference in
temperature from MOCA in a molten state is large, cells in the cell

20 dispersion liquid are locally broken by heat and integrated and
expanded. It is thought, as a result, that fluctuations in cell
diameter occur. With an aromatic polyamine with a melting point
of 70°C or lower as a chain extender employed, a difference in
temperature from the cell dispersion liquid can be less, thereby

25 enabling fluctuations in cell diameter to be suppressed. A melting
point of an aromatic polyamine is preferably 60°C or lower and
especially preferably 40°C or lower.

In the first invention, an aromatic polyamine, from the
viewpoint of a reactivity and a physical property of an obtained

30 polyurethane resin foam, is preferably at least one kind selected
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expanded. It is thought, as a result, that fluctuations in cell diameter occur. With an aromatic polyamine
with a melting point of 70C or lower as a chain extender employed, a difference in temperature from the
cell dispersion liquid can be less, thereby 25 enabling fluctuations in cell HiaR®¥t&P& BE€SStbpressed. A
melting point of an aromatic polyamine is preferably 60C or lower and especially preferably 40C or
lower. In the first invention, an aromatic polyamine, from the viewpoint of a reactivity and a physical
property of an obtained 30 polyurethane resin foam, is preferably at least one kind selected 7
F-P07108TR(SGpmmcthe¢hgrgmp pensiEtimg of 3, 5-bis(methylthio)-2,4-toluenediamine,

3,5-bis(methylthjo)-2 6-toluenediaming, 3.5-diethyl:2.4- toluenediamine, 3,5-diethyl-2,6-toluenediamine, 5
N,N'-di-sec-but:ﬁ?%,ﬁ%ﬁ?ﬁﬁggﬁﬁgﬂﬁm‘g'&ioa?rlfg,n%%égllelfh?ﬂ-4,4'-diaminodiphenylmethane,
m-xylylenedian®8;bis(tretsplthin)i2; gtiehytorstiamine, 18,phdivtbyt@aine, p-xylylenediamine, and
a polyalkylene @xide-di-p=aminobenzo: XQArgsse t lowing general formula (1). 0 0 H,N /\
CI-O-((CHZ)mO@ﬁﬁtegf ﬁﬁ? ({b£’1§ ’?gw%%r%?mﬂ ma?sg a%o?r%gggﬁéﬁ étl’o 4 and n is an integer from 1 to 20.
In the first iveNidti - diis eedatgdrd 14’ ediranino dipdenybasddhandactant in a polyurethane resin foam in

the range 15 oG9 005404 SR AHEIERVHR DR LRBI LR AS RS, f @ content of a

silicone-based surfactant 15 leds than
N,N’-di-sec-butyl-p-phenylenediamine, m-phenylenediamine,

p-xylylenediamine, and a polyalkylene oxide-di-p-aminobenzoate

expressed by the following general formula (1).

I Il
10

, wherein m is an integer from 2 to 4 and n is an integer from 1 to
20.

In the first invention, it is necessary to contain a

silicone-based surfactant in a polyurethane resin foam in the range

15 of from 0.05 to 10 wt % and preferably in the range of from 0.5 to
5 wt %. If a content of a silicone-based surfactant is less than
0.05 wt %, it is unpreferable since a fine cell foam cannot be
obtained. On the other hand, if a content of a silicone-based
surfactant exceeds 10 wt %, it is unpreferable since a polyurethane

20 resin foam with a high hardness is not obtained by a plasticization
effect of the surfactant.

In the first invention, the isocyanate-terminated prepolymer
preferably contains a low-molecular-weight polyol as a raw material
component.

25 In the first invention, an isocyanate component, which is a
raw material component of the isocyanate-terminated prepolymer,
is preferably an aromatic diisocyanate and an alicyclic diisocyanate.

It is preferable that an aromatic diisocyanate is toluene
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0.05 wt %, it is unpreferable since a fine cell foam cannot be obtained. On the other hand, if a content of
a silicone-based surfactant exceeds 10 wt %, it is unpreferable since a polyurethane 20 resin foam with a
high hardness is not obtained by a plasticization effect of the surfactant. it B &3 TRé&%bn, the
isocyanate-terminated prepolymer preferably contains a low-molecular-weight polyol as a raw material
component. 25 In the first invention, an isocyanate component, which is a raw material component of the
isocyanate-terminated prepolymer, is preferably an aromatic diisocyanate and an alicyclic diisocyanate.

It is preferable t#htisanymonatztiandsdeytaatalicytlindidseditutilteT#iR(SG) diisocyanate and that an

alicyclic diisocygnate Jis.dicygloh Ime;[iliane diisaocyanate, The use.qf the diisocyanate is. preferable not
oy in terme of OISR AR U Y S8R P e S SRR B, Speed with
chain 5 extendgrrederableonob|tmaljn in hexivralné opegability fbsitialeatimnoldighdlitly afpolishing pad

manufactured gy {oea0s {0 Melhedl NS SEC0¢ddueRlRn HaipsierR paelig pad having a
polishing layer ade from a polyurethane resin foam, wherein the polyurethane resin foam is a
reaction-cubed prisunléetascheanasdroliedtdncarprefiexhblepeinpger containing an isocyanate

component and a high-.iri,péeﬁ%qriw(i%?ig%lﬁ@l%ggsa&cgﬂ%légﬁglggﬁomgmg{ﬁ ‘g'g]l%raylene oxide

adduct and/or a propylene oxide a t with at least one romatic ected 15 from the
group consistingyiheansgaitre meddveih, p-xylylene glycol and bisphenol A.

The second invention relates to a polishing pad having a
polishing layer made from a polyurethane resin foam, wherein the

10 polyurethane resin foam is a reaction-cured product between an
isocyanate-terminated prepolymer containing an isocyanate
component and a high-molecular-weight polyol and an chain
extender containing an ethylene oxide adduct and/or a propylene
oxide adduct with at least one kind of an aromatic diol selected

15 from the group consisting of hydroquinone, resorcin, p-xylylene
glycol and bisphenol A.

The inventors have found that a halogen free polishing pad
improved on a planarization characteristic as compared with a
conventional polishing pad by using an ethylene oxide (EO) adduct

20 and/or a propylene oxide (PO) adduct (hereinafter also referred to
as aromatic diol EO/PO adduct) with at least one kind of an
aromatic diol selected from the group consisting of hydroquinone,
resorcin, p-xylylene glycol and bisphenol A as a chain extender
instead of MOCA.

25 In the second invention, the isocyanate component
constituting an isocyanate-terminated prepolymer preferably
contains an aromatic isocyanate at a content of 90 mol % or more.
The aromatic isocyanate is preferably diphenylmethane
diisocyanate.

30 In the second invention, the high-molecular-weight polyol
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The inventors have found that a halogen free polishing pad improved on a planarization characteristic as
compared with a conventional polishing pad by using an ethylene oxide (EO) adduct 20 and/or a
propylene oxide (PO) adduct (hereinafter also referred to as aromatic didt EO/BOHIK R with at least
one kind of an aromatic diol selected from the group consisting of hydroquinone, resorcin, p-xylylene
glycol and bisphenol A as a chain extender instead of MOCA. 25 In the second invention, the isocyanate
component constituting an isocyanate-terminated prepolymer preferably contains an aromatic
isocyanate at acoms¢itudfifg mwliSo oy anerte-terendncrted piscpybnater | ssppadfiatEblgiphenylmethane

diisocyanate. 30 In the second inventign, the high-molecular-weight polyal 9 F-PQ7108TR(SG)
conatiuing an ROy Ea Ly Al aT R R Sl A a e ol R ol with o

number-averagweighdcitatheaighge didrany®00ftonl500t0 1500. The isocyanate-terminated
prepolymer preferably SHLAMS ML RAEHEACHIRIVALAS AL mAPLabeagRoRent Since, wih

a prepolymer used, a reaction speed with an aromati uct, which iIs a chain extender, can
be adjusted in loprefotitalanyesight pelyblrsmapolymatérialafermplensattonly in terms of operability

but also from the 10 vi%H mt‘guﬂo&dﬁ%lgﬁ rﬁé?rquégﬁghgqga{gﬁgﬁo%%eﬁ_ %Qihgéﬂ pad using the

specific material is especially’excellen ct of improvement on a planarization characteristic. The
aromatic diol E@rPmatigudiot BRIAQvAddmetidubialbisimedhainditer@eraean RO to an aromatic diol

in the range adjusted in a preferable range, the use of the prepolymer is

preferable not only in terms of operability but also from the
10 viewpoint of moldability of a polyurethane resin foam. A polishing
pad using the specific material is especially excellent in effect of
improvement on a planarization characteristic.
The aromatic diol EO/PO adduct is preferably an adduct
obtained by adding EO and/or PO to an aromatic diol in the range
15 of 2 to 4 mol per 1 mol of the aromatic diol.
The second invention relates to a manufacturing method of
a polishing pad including a step (1) of mixing a first component
containing an isocyanate-terminated prepolymer into a second
component containing a chain extender for curing to thereby
20 produce a polyurethane resin foam, wherein the step (1) is a step of
adding a silicone-based surfactant into the first component
containing an isocyanate-terminated prepolymer so as to be in the
range of from 0.05 to 10 wt % in the polyurethane resin foam,
agitating the first component together with a non-reactive gas to
25 thereby prepare a cell dispersion liquid in which the non-reactive
gas is dispersed as fine cells and thereafter mixing the second
component containing a chain extender into the cell dispersion
liquid for curing to produce a polyurethane resin foam, and the
chain extender is an chain extender containing an ethylene oxide

30 adduct and/or a propylene oxide adduct with at least one kind of

10



15 of 2 to 4 mol per 1 mol of the aromatic diol. The second invention relates to a manufacturing method of
a polishing pad including a step (1) of mixing a first component containing an isocyanate-terminated
prepolymer into a second component containing a chain extender for cufim & #¥FER(SED produce a
polyurethane resin foam, wherein the step (1) is a step of adding a silicone-based surfactant into the first
component containing an isocyanate-terminated prepolymer so as to be in the range of from 0.05 to 10
wt % in the polyurethane resin foam, agitating the first component together with a non-reactive gas to 25
thereby prepareaa ezibhoigpirdiollselccted fichnhtheogrmsptcensiasisglispersed as fine cells and
thereafter mixing tg%sel%%nd golr%ggrllgnt cop}a'&ni %% c}iai:nofzxtgg eirsinlgl%;[lhel (Aell dispersion liquid for
curing to produceya p(%yure%ﬂahe resin ’flaé.l?], and the. Ehain extender & an chain extender containing an
ethylene oxide 30 adduAteotiding pootlyte neaonifechdding wiktholdait dspassdbde 10 F-P07108TR(SG)

an aromatic diol selected from the gr. nsisti d in resorcin, p-xylylene glycol and
bisphenol A. Agc?g? ?ﬁg tgq[ e %&%éﬁ%ﬁ%@%ﬁ%ﬂ%&%%s%%&i&g% go ?a?% gg\l/i:a%/y ard polyurethane
resin foam Wvithfanegelinsfometafime dddncecapplisdriog pasbistiing thel pelygtethzukeurethane resin

foam is more exeeigny igﬁl‘?@‘iﬂ%@ﬂo&@%ﬂ&‘ﬂeﬂ? ita HYRARES L Hdlth 8 eiygatipnal polishing pad. In

the manufacturing met an isocyanate componént constituting an iIsocyanate-terminated prepolymer
preferably 10 coomiparedawibindcieoyentional petislvimgped.mol % or more. An aromatic isocyanate

Is preferably diphenylnﬁ%nﬂﬁ%ﬂ@@&ﬁng method, an isocyanate component

constituting an isocyanate-terminated prepolymer preferably

10 contains an aromatic isocyanate at a content of 90 mol % or more.
An aromatic isocyanate is preferably diphenylmethane
diisocyanate.

In the manufacturing method, a high-molecular-weight
polyol constituting an isocyanate-terminated prepolymer is

15 preferably polytetramethylene ether glycol with a number-average
molecular weight in the range of from 500 to 1500.

In the manufacturing method, an isocyanate-terminated
prepolymer preferably contains a low-molecular-weight polyol as a
raw material component.

20 In the manufacturing method, an aromatic diol EO/PO
adduct is an adduct obtained by adding EO and/or PO to an
aromatic diol in the range of from 2 to 4 mol per 1 mol of the
aromatic diol.

A silicone-based surfactant is necessary to be added into a

25 polyurethane resin foam in the range of from 0.05 to 10 wt % and
preferably in the range of 0.5 to 10 wt %. If a content of a
silicone-based surfactant is less than 0.05 wt %, a tendency arises
that a fine cell foam is not obtained. On the other hand, if a
content thereof exceeds 10 wt %, the number of cells in a foam is

30 excessively large, leading to a tendency of obtaining a highly hard

11



In the manufacturing method, a high-molecular-weight polyol constituting an isocyanate-terminated
prepolymer is 15 preferably polytetramethylene ether glycol with a number-average molecular weight in
the range of from 500 to 1500. In the manufacturing method, an isocyanate REARPRIE(Ssepolymer
preferably contains a low-molecular-weight polyol as a raw material component. 20 In the manufacturing
method, an aromatic diol EO/PO adduct is an adduct obtained by adding EO and/or PO to an aromatic
diol in the range of from 2 to 4 mol per 1 mol of the aromatic diol. A silicone-based surfactant is
necessary to bepetiyeretliame 28giol\foathanithediffioattyn the range of from 0.05 to 10 wt % and
preferably in the range g.?l_}%f]f() wit %tlf a coigggt (%f a sili nﬁ:basedgﬁg%tant is less than 0.05 wt %,

. nvention r S to.a poiisnin a n
a tendency arises thata fine ce foam is not obtamed: On fhe otherhan A Cbntent thereof exceeds

10 wt %, the nupsiishingelayieranicatn &G expedyuestiaye, tesiinfpaons, twhearty thebtaining a highly

hard 11 F-PO7108TR I h in f ith diffi . hied | ' I
nard 11 F-POTLORTRIGER PR AISIaY et Al The ot inyeniopelaes 0 3

ga po ayer made from a polyurethan€e resin foam, wherein the polyurethane
resin foam s a sdiphiatic aed [roalitydlivdesncrabatipitetimindtedapcgpid ysueyaardeaterminated

prepolymer andcﬁaqhaéglg Gaé%qrﬁé é:ﬁr%gﬂggpg{ Iieeaa}tgc;gﬁéil?(ﬁ}gf éﬁha@%@% ﬁeﬁgéomatic amine selected

from the group consisting o resse owing ge ormulae (2) to (4): Ri NHZ
aromatic amine selected from the group consisting of compounds

expressed by the following general formulae (2) to (4):
Rl
NH,

@

NH,

10 , wherein in the general formula (2), R! to R3, each independently
of the others, an alkyl group having 1 to 3 carbon atoms or a

methylthio group,

R* R®
HZN—@fCHZAQ—NHZ ©))
R® R’

, wherein in the general formula (3), R* to R7, each independently

15 of the others, H or an alkyl group having 1 to 4 carbon atoms, and

I I
HZNOC_O_((CHZ)mO)n_CONHZ (@)

, wherein m is an integer from 2 to 4 and n is an integer from 1 to
20.

The inventors has found that a halogen free aromatic amine

12



(2) RZ Rs NH2 10, wherein in the general formula (2), Rl to R3, each independently of the others, an
alkyl group having 1 to 3 carbon atoms or a methylthio group, R4 R6 HZN\/CHZ\/NHZ (3) R5 R7
wherein in the general formula (3), R4 to R7, each independently 15 of tte BEHQ8THRESE alkyl group
having 1 to 4 carbon atoms, and 0 0 HZN /\ CI-O-((CH2)mO)n C \/ NHZ (4) , wherein m is an integer
from 2 to 4 and n is an integer from 1 to 20. The inventors has found that a halogen free aromatic amine
12 F-PO7108TR(SG) expressed the general formulae (2) to (4) is used instead of MOCA, and an
isocyanate-ternerptesserdpdigngemieaainfpamalipbd2 tan(#pisnstid)icistsot\of MOGA A raw material is

compared with &1 b LA e B e R e Ba R i amines
expre_ssed by ttmgdmrghf@_rﬁuyial@)i_ampaefetgms s,ﬁanabhqtqih;dlsjmamihbsereby
ggg:gzgyétﬁﬁt:%#%ﬂg%jﬂ%%% é}?ﬁgg%ﬁ%&ﬁ%éﬁ@%ﬁ?&%ﬁg@?ﬁ glsgsl}eag ’bzf %iiwgngeneral formula
(3) are preferabbharactiaintiodipvomipmtdwith a conventional polishing pad.

In the third invention, halogen free aromatic amines
expressed by the general formula (2) are preferably
3,5-diethyl-2,4-toluenediamine, 3,5-diethyl-2,6-toluenediamine,
3,5-bis(methylthio)-2,4-toluenediamine and

10 3,5-bis(methylthio)-2,6-toluenediamine. Halogen free aromatic
amines expressed by the general formula (3) are preferably
4,4’-diaminodiphenylmethane,
4,4’-diamino-3,3’-diethyl-5,5’-dimethyldiphenylmethane,
4,4’-diamino-3,3’,5,5’-tetraethyldiphenylmethane,

15 4,4’-diamino-3,3’-diisopropyl-5,5’-dimethyldiphenylmethane and
4,4’-diamino-3,3’,5,5’-tetraisopropyldiphenylmethane. Halogen
free aromatic amines expressed by the general formula (4) are
preferably trimethylene glycol-di-p-aminobenzoate and
polytetramethylene oxide-di-p-aminobenzoate.

20 An isocyanate component constituting the alicyclic
isocyanate-terminated prepolymer is preferably
4,4’-dicyclohexylmethane diisocyanate.

A high-molecular-weight polyol constituting the aliphatic
and/or alicyclic isocyanate-terminated prepolymer is preferably

25 polytetramethylene ether glycol with a number-average molecular
weight in the range of from 500 to 1500.

The aliphatic and/or alicyclic isocyanate-terminated
prepolymer preferably contains a low-molecular-weight polyol as a

raw material component.

30 Since, with a prepolymer described above used, a reaction

13



4,4'-diamino-3,3'-diethyl-5, 5'-dimethyldiphenylmethane, 4,4'-diamino-3,3',
5,5'-tetraethyldiphenylmethane, 15 4,4'-diamino-3,3'-diisopropyl-5,5'-dimethyldiphenylmethane and
4,4'-diamino-3,3',5,5'-tetraisopropyldiphenylmethane. Halogen free aromatiB@fi#dtrlgirdssed by the
general formula (4) are preferably trimethylene glycol-di-p-aminobenzoate and polytetramethylene
oxide-di-p-aminobenzoate. 20 An isocyanate component constituting the alicyclic isocyanate-terminated
prepolymer is preferably 4,4'-dicyclohexylmethane diisocyanate. A high-molecular-weight polyol
constituting the spipdditweitind/chalinyektessinmnate hernondiedlpk polgnpereferableraihg €5

polytetramethylepe ethesgl ol with number-avertaeq,eb olecglar lwellqu:tén the [ange of from 500 to

1500. The alipha 2 And/or a |€ygﬁg ?s%gﬁalﬁzla'tles-tgfr%lna ed &gp&?nq’er pref‘é%%f)’/ contains a

low-molecular-vwpightlpidiyp| stoalsovinoate thecoiappodnt 80 Siobdability efepolymer described above

used, a reactio E-PQ7108TR eed,with in nder nigolled in a preferable
range, the user%?]l%grgtg})% frr%rs(ll%?r%%}rléblg r#’o‘%%%ﬁﬁ rﬁ%(réegg? %ggr%g%gggéﬁélso from the viewpoint
of moldabilfty ofmatetiakdshespecisilycereeNentishiedfpat afiimprewpasiid 8meaterial is especially

excellent in effeﬁ&ﬁég[%%qygm?ggagg&egdi?@éaf{jzation characteristic. The third invention relates to a

manufacturing a polishing pad including a step (1) of mixing a first component containing an
isocyanate-terminated Blepslindrinventienorelatesdmpomanefaatiringaneathodxedraer for curing to

produce a polishing pad including a step (1) of mixing a first component

containing an isocyanate-terminated prepolymer into a second

10 component containing a chain extender for curing to produce a
polyurethane resin foam, wherein the step (1) is a step of adding a
silicone-based surfactant into the first component containing
isocyanate-terminated prepolymer so as to be in the range of from
0.05 to 10 wt % in the polyurethane resin foam, agitating the first

15 component together with a non-reactive gas to thereby prepare a
cell dispersion liquid in which the non-reactive gas is dispersed as
fine cells and thereafter mixing the second component containing
a chain extender into the cell dispersion liquid for curing to
produce a polyurethane resin foam, and the isocyanate-terminated

20 prepolymer is an aliphatic and/or alicyclic isocyanate-terminated
prepolymer and the chain extender is an chain extender containing
at least one kind of a halogen free aromatic amine selected from
the group consisting of compounds expressed by the following

general formulae (2) to (4):
Rl
NH,

@

25 NH2

14



polyurethane resin foam, wherein the step (1) is a step of adding a silicone-based surfactant into the first
component containing isocyanate-terminated prepolymer so as to be in the range of from 0.05 to 10 wt
% in the polyurethane resin foam, agitating the first 15 component togethEr #ftA1&&bRE At tive gas to
thereby prepare a cell dispersion liquid in which the non-reactive gas is dispersed as fine cells and
thereafter mixing the second component containing a chain extender into the cell dispersion liquid for
curing to produce a polyurethane resin foam, and the isocyanate-terminated 20 prepolymer is an
aliphatic and/or,akheateinsdnythegeteerah foadn ple(2lyrRertanRheathiinedeprddentdy chain extender
containing at Ie&s%gge 'ndrsof a hg qn ;rgg ari_(*)an‘}%;lic g ing?sglegted frpm thg roup consisting of
compounds expressedqby fherofowing General torm 5 0 (315 ﬁ?l@l—i% RZ Rs 25 NH2 14
F-P07108TR(S@ethydthivigthepeneral formula (2), R1 to R3, each independently of the others, an
alkyl group having 1 tQ,3 carbon atoms or a methylthio group, R4 R6 HZN\/CHZ\/NHZ (3) R5R75,
wherein in the general formula (3), R4 to R7, e independently of the others, H or an alkyl group
having 1 to 4 carbon at

H,N CH, NH, (©)
R® R’
5 , wherein in the general formula (3), R* to R7, each independently
of the others, H or an alkyl group having 1 to 4 carbon atoms, and
0 o)

HoN C—O—((CH)nO),—C NH, (C))

, wherein m is an integer from 2 to 4 and n is an integer from 1 to
20.

10 According to the manufacturing method, it is possible to
obtain a highly hard polyurethane resin foam with a very uniform,
fine cell structure. Hence, a polishing pad using the polyurethane
resin foam is more excellent in planarization characteristic as
compared with a conventional polishing pad.

15 In the manufacturing method, halogen free aromatic amines
expressed by the general formula (2) are preferably
3,5-diethyl-2,4-toluenediamine, 3,5-diethyl-2,6-toluenediamine,
3,5-bis(methylthio)-2,4-toluenediamine and
3,5-bis(methylthio)-2,6-toluenediamine. Halogen free aromatic

20 amines expressed by the general formula (3) are preferably
4,4’-diaminodiphenylmethane,
4,4’-diamino-3,3’-diethyl-5,5’-dimethyldiphenylmethane,
4,4’-diamino-3,3’,5,5’-tetraethyldiphenylmethane,
4,4’-diamino-3,3’-diisopropyl-5,5’-dimethyldiphenylmethane and

15



H2N /\ CI-O-((CH2)mO)n C\/ NH2 (4) , wherein m is an integer from 2 to 4 and n is an integer from 1 to
20. 10 According to the manufacturing method, it is possible to obtain a highly hard polyurethane resin
foam with a very uniform, fine cell structure. Hence, a polishing pad usin§ tR® pHRRIe{e resin foam is
more excellent in planarization characteristic as compared with a conventional polishing pad. 15 In the
manufacturing method, halogen free aromatic amines expressed by the general formula (2) are
preferably 3,5-diethyl-2,4-toluenediamine, 3,5-diethyl-2,6-toluenediamine,

3,5-bis(methyltied 2ddanlieocdidhyh 8’ credr3iSadpsappidyiihienyl hetbenediaHalogeialogen free

aromatic 20 amjnes ex resg‘edab%the queneral forq;]%la ‘(.ﬁ) are r%(-i-r?t_)%4l4'-(qi’a£nljgodiphenylmethane,

4,4'-diamino-3, E?i?eﬁ%'y- ? f:dlme’t}‘%f/! i?)ﬁ%lr.ﬁr%e e, i,ﬁe- Amino. ’u’a

5,5'-tetraethyldiphefegabdsh trien et Hytk avenigly € c8-diiipopro pybberizivat aadlphenylmethane and 15

F-PO7108TR(SG) 4,4 -diamipo-3.3'. 5,5 -tetraisopropyldighe hane. Halogen free aromatic amines
expressed by ttﬁagéyetr%%%?%}ﬁaeag§%§ﬁé§égt§ﬁﬁrﬁlﬁ1y érr%féglycol-di-p-aminobenzoate and
polytetraméthylene oxide-the-smimefastauing Miettrednanuiseayanabectosd pamétficyanate component

consituting an @%ﬁ&i%&%%g@ﬁ“&ﬂ@ ifeied %@%g%?&f&ﬂ&@%:@%&é@ﬁiﬂﬂ?'?i‘exy'metha”e

diisocyanate. In the manuracCturing méthod, a hi cular-weig nstituting an aliphatic
and/or alicyclic peeifsraitfAededitysiahpryionetbaneplifsogyignate.

In the manufacturing method, a high-molecular-weight

polyol constituting an aliphatic and/or alicyclic

10 isocyanate-terminated prepolymer is preferably
polytetramethylene ether glycol with a number-average molecular
weight in the range of from 500 to 1500.

In the manufacturing method, an aliphatic and/or alicyclic
isocyanate-terminated prepolymer preferably contains a

15 low-molecular-weight polyol as a raw material component.

A silicone-based surfactant is necessary to be added into a
polyurethane resin foam so as to be contained in the range of from
0.05 to 10 wt % and preferably in the range of from 0.5 to 10 wt %.
If a content of a silicone-based surfactant is less than 0.05 wt %, a

20 tendency arises that a fine cell foam is not obtained. On the other
hand, if a content thereof exceeds 10 wt %, a tendency arises that
difficulty is encountered obtaining a highly hard polyurethane
resin foam due to a plasticization effect of the surfactant.

The silicone-based surfactant is preferably in the range of

25 from 1000 to 6000 in weight-average molecular weight and
preferably contains a silicone resin with a ratio of ethylene
oxide/propylene oxide in a molecule thereof (molar ratio) is in the
range of from 70/30 to 100/0. The silicone resin preferably has a
hydroxyl group at the terminal end of a side chain of a siloxane

30 skeleton. The use of a silicone-based surfactant containing the
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polytetramethylene ether glycol with a number-average molecular weight in the range of from 500 to
1500. In the manufacturing method, an aliphatic and/or alicyclic isocyanate-terminated prepolymer
preferably contains a 15 low-molecular-weight polyol as a raw material cdmpEidRBIR§HEdne-based
surfactant is necessary to be added into a polyurethane resin foam so as to be contained in the range of
from 0.05 to 10 wt % and preferably in the range of from 0.5 to 10 wt %. If a content of a silicone-based
surfactant is less than 0.05 wt %, a 20 tendency arises that a fine cell foam is not obtained. On the other
hand, if a contesilibersnresioe ctmbles/20pdyandtinayanesintfehnifhavingsantormtered obtaining a

highly hard polyurethane gtesin foam, due.to a plasticization effect of the surfaciant. The silicone-based
curtantant s proIRE T e Rt St e P R B e B B e
preferably contaifi$keesilommetioniismtiover e elletitylanpotistbigropyteaadiinigplamemolecule thereof

(molar ratio) is in tt}% ;%R% %f{gr;; l(t){ﬁg égt]@g'/%ggﬁ Sﬁjll{%%;s arﬁg,in preferably has a hydroxyl group at
skel

the terminal enalg a side Thain of a siloxane eton. use of a silicone-based surfactant
containing the 16 F-P(Thédor(HiCinvitintienasiatembies pelishinghpad kawingaan having a more

uniform, fine ce I ' enc ishi .Of ' N, re excellent in
polishing rate a w%%‘%igef%{ﬁo%%%gt a?wué %o‘%\’/%rﬁ%r?a poiift%fgl pf§§ﬂg‘i_l-_? e tourt Hi‘u'n)vention relates to
a polishing pad4elléntherpbiisiwigiginrandse éyanatpatpunnhacate shichnisnaviay fine cells therein,

wherein an isoGyaNAY HOFBP Y 5By UPLTA nd AN ASEHRI QL &R0 I§IB3RC 15N foam described

above, is a
polymerized diisocyanate and an aromatic diisocyanate.

10 A polishing pad of the fourth invention is a polishing pad
improved on dressability while a planarization characteristic and
polishing speed of a conventional polishing pad is maintained.
Since, with a polishing pad of the fourth invention used, a dressing
time is shortened; therefore, a fabrication efficiency of

15 semiconductor wafers can be drastically improved. As reasons for
difficulty in dressing of a conventional polishing pad, two reasons
can be shown up, 1) one of which is a high specific gravity of a
polishing layer and 2) the other of which is the existence of
“tenacity” in a material itself of the polishing layer. Though it is

20 thought that a specific gravity has only to be lowered in order to
make a surface of the polishing layer dressed with ease, simple
lowering of a specific gravity renders a hardness of all of the
polishing pad lower, unpreferably leading to degradation of a
planarization characteristic. In order to maintain a hardness with

25 reduction in specific gravity, it is conceived that a molecular
weight of a high-molecular-weight polyol is decreased, but in that
case, a surface wear gets larger than necessary, thereby reducing a
life of a polishing pad or decreasing a polishing speed because of
immediate removal of fluffiness on the surface of the polishing pad

30 after dressing.

17



polymerized diisocyanate and an aromatic diisocyanate. 10 A polishing pad of the fourth invention is a
polishing pad improved on dressability while a planarization characteristic and polishing speed of a
conventional polishing pad is maintained. Since, with a polishing pad of theR8d#RahE€afan used, a
dressing time is shortened; therefore, a fabrication efficiency of 15 semiconductor wafers can be
drastically improved. As reasons for difficulty in dressing of a conventional polishing pad, two reasons
can be shown up, 1) one of which is a high specific gravity of a polishing layer and 2) the other of which
is the existence of "terfBbiyinventoate helviséduwhdehadlisHitgrnapgity Tlodlgmaiefidathought that a

specific gravity ﬂ%% ﬁmnég tobkée J%Wleéggég %ql A tg Halagﬁeha lsaggge {)f thei%%gslh@ﬁ La er dressed with
ease, simple lowering ora specﬁlc gravity renders ardness or ail of e porf‘ls [ éypad lower,
unpreferably leadingte gpedyadetizedf diiptmymiratoant ancaeashiatio ditsydyanaiteain a hardness with

25 reduction in sBecille ARPY, I IS SENERLRD L0l Inalce Uahitie Al h a3y iR IgEK AL weight polyol
is decreased, but In that case, a surface wear gets larger than necessary, thereby reducing a life of a
polishing pad opdtyveathene pesihidigaapeed because of immediate removal of fluffiness on the surface

o materal 5ol can be A LAcerie Eeh Yol At e O e
diisocyanate arxéaatiomreuicediipvedacitof conisiocyanate-terminated arepolymerhich is a raw
material of a 5 pgwﬁmqg% fﬁéi%ﬂ@mzéapai%‘éméeﬁmm%ﬁ%%d above is preferably a
diisocyanate with a chain extender. A polyurethane resin foam
10 obtained by means of a prepolymer method is preferable because of
excellency in polishing characteristics.
A weight ratio in content of a polymerized diisocyanate and
an aromatic diisocyanate is preferably in the range of from 1/99 to
65/35 and more preferably in the range of from 5/95 to 50/50
15 (former/latter). If a mixing content of a polymerized diisocyanate
is less than 1 wt %, a “tenacity” of a polyurethane resin itself
cannot be sufficiently reduced; therefore, a dressability of a
polishing layer cannot be sufficiently improved. A pot life in
reaction between an isocyanate component and a chain extender is
20 shortened, leading to a tendency of degradation in handlablity.
On the other hand, a mixing content of a polymerized diisocyanate
exceeds 65 wt %, a dressing speed is excessively larger,
unpreferably resulting in a shorter life of a polishing pad.
In the fourth invention, it is preferable that a polymerized
25 diiscyanate is a polymerized aliphatic diisocyanate and an
aromatic diisocyanate is toluene diisocyanate. The polymerized
aliphatic diisocyanate is especially preferably a polymerized
hexamethylene diisocyanate. With both diisocyanates used, a
polyurethane resin foam can be produced with a good handlability

30 and a planarization characteristic and a dressability can be
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reaction-cured product of an isocyanate-terminated prepolymer containing a polymerized diisocyanate
and an aromatic diisocyanate with a chain extender. A polyurethane resin foam 10 obtained by means of
a prepolymer method is preferable because of excellency in polishing chBr&d&é48gdR ®Gkight ratio in
content of a polymerized diisocyanate and an aromatic diisocyanate is preferably in the range of from
1/99 to 65/35 and more preferably in the range of from 5/95 to 50/50 15 (former/latter). If a mixing
content of a polymerized diisocyanate is less than 1 wt %, a "tenacity" of a polyurethane resin itself
cannot be suffidisrpkorestl eeidhthet afeds cinges padlishiaigns peédhinPraferatdenist e sufficiently
improved. A pot |Ifeti{’| reactio pet een an |300ﬁ/€r%e component and.a cha|n extender is 20 shortened,

leading to a ten'dency i dgglg?a ationtin pandlap 68 Diher han(?qa mleﬁg content of a polymerized

diisocyanate exisoustristics amlcbsamg giendnuekm@dydatgemtmmaieh@bly resulting in a shorter
life of a pollshm%pﬁd In (ihbe f%lértﬂ eqquln ét }% (g%ﬁb > hat &P é\ﬁga gg acpéscyanate is a

polymerized ali 11SOC anate an aromatic diiso te ISt cyanate The
polymerize@ aliphatic @m@ﬁ&@@u%uﬁhymbfu@tb@pdymm@hhwammbm diisocyanate.

With both dllSO%@{E\ e§a bg\ fpgiﬁ%eggélseég S%@%e pgfg{;gg qg \%% r%g’r J}andlablllty 30

and a planarization characte rlstlc an llity ca F PO7108TR oved without
reducing a polidiorp hdeto Br&redfla speraificegravitindsiifess sbigmideyakisotyanate. Polishing

characteristics iﬂﬁ'&éﬁ&é’éﬂgﬁgéaéﬂ&@%@f&ﬁé%‘éco‘iaﬂpgf'Gﬂ%r?)‘@i’sﬂlf&f'ﬁ%ﬁ@a”e -modified

polymerized diisocyanate.
decreased to thereby deteriorate a planarization characteristic, a

10 life of a polishing pad is shortened because of a larger surface wear
of a polishing layer than necessary and a polishing speed is
rendered smaller because of immediate removal of fluffiness on the
surface of a polishing pad after dressing during polishing. On the
other hand, if a specific gravity exceeds 1.0, dressability of a

15 polishing layer cannot be sufficiently improved.

A polyurethane resin foam is preferably in the range of from
45 to 65 degrees and more preferably in the range of from 50 to 60
degrees in Asker D hardness. If an Asker D hardness is less than
45 degrees, a planarity of an object to be polished tends to be

20 degraded. On the other hand, if an Asker D hardness is larger than
65 degrees, a tendency arises that a planarity is good but in-plane
uniformity of an object to be polished is reduced. Scratches are
easy to be caused on the surface of a polished object.

In the fourth invention, a polyurethane resin foam described

25 above preferably contains a silicone-based nonionic surfactant in
the range of from 0.05 to 10 wt % and more preferably in the range
of from 0.5 to 5 wt %. If a content of a silicone-based nonionic
surfactant is less than 0.05 wt %, a tendency arises that a fine-cell
foam is not obtained. On the other hand, if a content thereof

30 exceeds 10 wt %, a tendency arises that difficulty is encountered
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5 A specific gravity of a polyurethane resin foam is preferably in the range of from 0.5 to 1.0 and more
preferably in the range of from 0.7 to 0.9. If a specific gravity is less than 0.5, various tendencies arise
that a hardness of all of the polishing layer is decreased to thereby deterforB& AQsiaR4S2Xion
characteristic, a 10 life of a polishing pad is shortened because of a larger surface wear of a polishing
layer than necessary and a polishing speed is rendered smaller because of immediate removal of
fluffiness on the surface of a polishing pad after dressing during polishing. On the other hand, if a
specific gravity eltabting.a, hiighty hhxdop aly b retiicimegresisr faanotloe soffeciently improved. A
polyurethane resi'n Sf m ai&ggfgﬁgl i‘r’]‘llﬁﬁ rasrlléq_?a%‘tfrorp 45 to 65 degrees and more preferably in the
range of from 5010 egrees In Asker araness. Ifan Asker D hardness is less than 45 degrees, a
planarity of an object tcAbdneskihgdsierrit ¢f beplishingdead Of the dharthaimiréndioasier D hardness

is larger than 65 dedr a tendency arises.that arjty is good. but in-plane uniformity of an object
1 be polisned 15" SITIALLY a2 PEU AL ST OB A Y L A e ovect n the
fourth inveltionpeefetabiytiarthe sanpeof dreom e do 2 ah\min efdfibld ressimgsspeddone-based

nonionic surfactant i e range of from.0.05 to t9 0 f [V, nge of from 0.5 to
5wt %. Ifa conit%r%%a g ?%ﬁﬁ?g‘ng géé)(‘? rﬂ%h%ﬁigﬁgu%aoﬁagn@gﬁéé?%aﬁw%%%%@é&%ﬁ %én ency arises that
a fine-cell foaninsufficisnhdhedeftne oihds Hfficiils torimpnovecafabrigatings 10 wt %, a tendency

arises that difﬂCé’i%@?eﬁ%&%%@&ﬁ%&aﬁ@?&?%%?@ agqp@galgpﬁgmrgﬂ&olyurethane resin foam
e

due to a plasticization effect of the surfactant.
dressing speed exceeds 10 ym/min, a surface wear of a polishing

10 layer is more than necessary, resulting in a tendency that a life of
a polishing pad is shortened and fluffiness on the surface of the
polishing layer after dressing is immediately removed during wafer
polishing, thereby reducing a polishing speed.

The invention relates to a fabrication method of a
15 semiconductor device including a step of polishing a surface of a

semiconductor wafer using any of the polishing pads.
BRIEF DESCRIPTION OF THE DRAWINGS

20 Fig. 1 is a schematic view showing an example of
construction of a polishing apparatus used in CMP.
Fig. 2 is a schematic view showing 25 points for film

thickness measurement on a wafer.

25 Legend

1: polishing pad (polishing layer)

2: polishing platen

3: polishing agent (slurry)

4: object to be polished (semiconductor wafer)
30 5: polishing head

20



A dressing speed of a polishing pad of the fourth invention is preferably in the range of from 4.5 to 10
m/min and more 5 preferably in the range of from 5 to 8 m/min. If a dressing speed is less than 4.5
m/min, an effect of shortening a dressing time is insufficient; therefore, itfis BR&ABTIR ABove a
fabrication efficiency for semiconductor wafers. On the other hand, if a dressing speed exceeds 10
m/min, a surface wear of a polishing 10 layer is more than necessary, resulting in a tendency that a life of
a polishing pad is shortened and fluffiness on the surface of the polishing layer after dressing is
immediately removed dbiramgl\Wafeotpoyisstvadt thereby reducing a polishing speed. The invention relates to
a fabrication method of a 15 semiconductor device including a step of polishing a surface of a
semiconductor wafer using any of the polishing pads. BRIEF DESCRIPTION OF THE DRAWINGS 20
Fig. 1 is a sche BEST\MOAREMOR 6ABRING O3 TCHRER JNNIBNT EOMlishing apparatus used in CMP.

Fig. 2 is a schematic vigw, | S Roj rfilm. thi S nt op a wafer. 25 Legend 1:
polishing pad (polishingR |£§2§%‘%§ﬁéﬂr€’g Sé%ehﬁgségf% i%gggghgt?liﬁggojﬁgbjgect to be polished
(semicondéctorpedishimgplsypolsisidg ficem 20foB0ittdBaR¢3I@Fia fomii: ovtadashiafaBEST MODE

FOR CARRING,PH T T NARY AhariR Rl pLiNg P Siliapnay e &ifuss only a
layer).
An isocyanate-terminated prepolymer used in the first and
second inventions contains at least an isocyanate component and a

10 high-molecular-weight polyol as raw material components. With
an isocyanate-terminated prepolymer used, an obtained
polyurethane resin foam is excellent in physical properties.

As the isocyanate component, a compound known in the
field of polyurethane can be used without particular limitation.

15 The isocyanate component includes, for example, aromatic
diisocyanates such as 2,4-toluene diisocyanate, 2,6-toluene
diisocyanate, 2,2’-diphenyl methane diisocyanate, 2,4’-diphenyl
methane diisocyanate, 4,4’-diphenyl methane diisocyanate,
1,5-naphthalene diisocyanate, p-phenylene diisocyanate,

20 m-phenylene diisocyanate, p-xylylene diisocyanate and m-xylylene
diisocyanate, aliphatic diisocyanates such as ethylene diisocyanate,
2,2,4-trimethyl hexamethylene diisocyanate and
1,6-hexamethylene diisocyanate, and alicyclic diisocyanates such
as 1,4-cyclohexane diisocyanate, 4,4’-dicyclohexyl methane

25 diisocyanate, isophorone diisocyanate and norbornane diisocyanate.
These may be used alone or as a mixture of two or more thereof.

As the isocyanate component, it is possible to use not only
the above-described diisocyanate compounds but also
multifunctional (trifunctional or more) polyisocyanates. As the

30 multifunctional isocyanate compounds, a series of diisocyanate
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5 polishing layer made from a polyurethane resin foam or a laminate of the polishing layer and another
layer (for example, a cushion layer). An isocyanate-terminated prepolymer used in the first and second
inventions contains at least an isocyanate component and a 10 high-molecBRFPSHREPSN ol as raw
material components. With an isocyanate-terminated prepolymer used, an obtained polyurethane resin
foam is excellent in physical properties. As the isocyanate component, a compound known in the field of
polyurethane can be used without particular limitation. 15 The isocyanate component includes, for
example, aromaﬂdditﬁocympb&nﬂx:hmcﬁ;mmlemiaﬂﬁmﬂahle, &stBemoduldiNocyanate,

2,2'-diphenyl m ane,diis Cﬁana Qaeﬂylcmethang i‘ﬂ%%céﬁ 4 4 ,fhenyl methane
diisocyanate, Xapht%a ene |socyana e, p- phenyfnne ||socyan U m phénylene diisocyanate,

p-xylylene dilsocyanatelartdhmmﬁytedarmmnaaa ahphmticiﬁsocymm Buch as ethylene
Qieocyarate ZpddiiIRar s Ueedisporals a0 fhRansluisdisgganate and
4 clo

alicyclic diisoc nates suth as 1 exane dilsocyanate 25 diisocyanate,
isophoronebdiisusgshatcacd m&manmmmamg pmfmhbedsﬂmgtm as a mixture of two

th f [ -d ibed
o more ol Ao BRI R RS T Pllbore descbe

diisocyanate compounds but a olyisocy nates As the 30
multifunctional dirhanylensthpverdidsacyaatefaiidonerapreferalp7108TR(SG) adduct compounds

are commercially’ ﬂgiig@gﬁﬁﬁﬂ@gld}liswaq&@&d DuranateTM (Asahi Chemical Industry Co., Ltd.).

On the other hand, an isocyanate-terminated prepolymer

10 wused in the third invention is synthesized from an aliphatic and/or
alicyclic isocyanate component and a high-molecular-weight polyol.
The use of an isocyanate-terminated prepolymer renders physical
properties of an obtained polyurethane resin foam excellent.

Examples of the aliphatic isocyanate include: ethylene

15 diisocyanate, 2,2,4-trimethylhexamethylene diisocyanate,
1,6-hexamethylene diisocyanate and the like. The exemplified
compounds may be used either alone or in a mixture of two or
more kinds thereof.

Examples of the alicyclic isocyanate include:

20 1,4-cyclohexane diisocyanate, 4,4’-dicyclohexylmethane
diisocyanate, isophorone diisocyanate, norbornane diisocyanate
and the like. The exemplified compounds may be used either
alone or in a mixture of two or more kinds thereof.

Polyfunctional, trifunctional or higher functional,

25 polyisocyanate compounds can be used in addition to the examples
of the aliphatic and/or alicyclic isocyanate.

Especially, as an isocyanate component,
4,4’-dicyclohexylmethane diisocyanate is preferably used alone.
On the other hand, a polyurethane resin used in the fourth

30 invention is constituted of an isocyanate component, a polyol

22



In the second invention, an aromatic isocyanate is preferably used at a content of 90 mol % or more,
more preferably 5 used at a 95 mol % or more and especially preferably used at a content of 12100 mol %.
An aromatic isocyanate is preferably diphenylmethane diisocyanate and m&fe/3f &3 REGHe)
4,4'-diphenylmethane diisocyanate. On the other hand, an isocyanate-terminated prepolymer 10 used in
the third invention is synthesized from an aliphatic and/or alicyclic isocyanate component and a
high-molecular-weight polyol. The use of an isocyanate-terminated prepolymer renders physical
properties of ancolmbpoacpbijauteigiane osbsrulaaweiglet atlyfolaandes of the aliphatic isocyanate include:

ethylene 15 diisocyanate, 2,2 4-trim Ihexamethylene diisocyanate, 1,6-hexamethylene diisocyanate
and the like. Thfeo‘e"%(/gln?a;l)ﬁﬁlelzéa i(':(‘)"’r’ﬁ1 %tﬁg’so Frﬁzfy] 56 d&lsaeaﬁ-elﬁh%rea)ﬁg%%agérrfn a mixture of two or more kinds
thereof. Examples of thisalmyciiatsdey aenaip ortuds, 20 is Sepelstaayabe dssoxyanate,

4,4'-dicyclohexylmet ag"s cyanate. | rone dij nate..norbornane diisocyanate and the like.
The exemplifie())b g(‘)%ﬂ%%%% sJi rﬁélé%g%fs%%%?t %f% o%é%grﬁ %r?lacar‘r?&ﬁﬁ%%%#\%%ea%more kinds thereof.
Polyfunctiopal, sdfonketimatibax. higher functional, 25 polyisocyanate compounds can be used in addition to

the examples of the alm’?,@mpzreﬂi%ﬂ@@%ﬁ?ﬁﬁ' seotfagj_ﬂl% ‘%#1%% §Dgte component,

4,4'-dicyclohexylmethane diiSocyanate is pre used alone. On the o and, a polyurethane resin
used in the fouthalifind pelyimerxinedtisosyanatie ahtaimed by pddition pblybrez2dr-P07108TR(SG)

more diisocyanate to one another or a mixture of modified
polymerized isocyanates. Examples of the modified isocyanate

10 include: 1) trimethylolpropane adduct type, 2) a burette type, 3) an
isocyanurate type and the like, among which especially preferable
is of an isocyanurate type. In a case of a mixture, it is necessary
to contain a modified isocyanate described above at a content of
50 wt % or more and preferably at a content of 60 wt % or more.

15 Moreover, in a case of a mixture, trimerized diisocyanate is
preferably contained at a content of 25 wt % or more and more
preferable contained at a content of 35 wt % or more. No specific
limitation is placed on a diisocyanate and any of known
compounds in the field of a polyurethane can be used, examples of

20 which include those described above.

In the fourth invention, as a diisocyante constituting a
polmerized diisocyanate, an aliphatic diisocyanate is preferably
used and 1,6-hexamethylene diisocyanate is especially preferably
used. A plymerized diisocyanate may be of a modified type such

25 as of urethane modified type, an allophanate modified type or a
burette modified type.

In the fourth invention, an aromatic diisocyanate is
preferably toluene diisocyanate.

As the high-molecular-weight polyol, a compound known in

30 the field of polyurethane can be used without particular limitation.
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component (a high-molecular-weight polyol and a low-molecular-weight polyol) and a chain extender. As
isocyanate components, it is necessary to use a polymerized diisocyanate and an aromatic diisocyanate
in 5 combination. A polymerized diisocyanate in the fourth invention is a FimBe#EéEIR (A} ized
isocyanate obtained by addition of three or more diisocyanate to one another or a mixture of modified
polymerized isocyanates. Examples of the modified isocyanate 10 include: 1) trimethylolpropane adduct
type, 2) a burette type, 3) an isocyanurate type and the like, among which especially preferable is of an
isocyanurate tyfihdrhigtasealéaulaxtweighit petypskimeltalesnfun exaopiiedpedygthete described

above at a contegi of, 50 wt % or{gar% and losggf ra%ﬁalconteghof 6q wt % or fnore. 15 Moreover, in a

case of a mixtuPe, f?%seﬁggée |ﬁs%cyan3{epg preé Srabhy contained ar atantentof 25 wt % or more and

more preferablpakyrettlnyd elree glwmdbmmm%giwni@reemspnt&tt bjmpeltidmitydéaoed on a
which mclude (e e e e poimerized
diisocyanafe, aproihatis dﬁsln:ls}mﬂg; iglw@lxaﬁsiyhjeecpalwcmhMGmyemi?mdyanate is
modied e, S e g Ry e e RS o
aromatic diisocpeiyalssobteiaedhycteantivgsothntene. cartianaitghwitheaumnltivgheptblyol, a
compound knowjigy 3P 10Q 19 RS VHECTAANT AR PEALTES QL PNEHAL AU
dicarboxylic acid, and polycarbonate polyols obtained by ester
10 exchange reaction of a polyhydroxyl compound with aryl carbonate.
These may be used singly or as a mixture of two or more thereof.
It is especially preferable to use polytetramethylene ether glycol.
No limitation is imposed on a number-average molecular
weight of a high-molecular-weight polyol but it is preferably in the
15 range of from 500 to 5000, more preferably in the range of from
500 to 2000 and especially preferably in the range of from 500 to
1500 from the viewpoint of an elastic characteristic of an obtained
polyurethane resin. If a number-average molecular weight thereof
is less than 500, a polyurethane resin obtained by using the polyol
20 does not have a sufficient elastic characteristic and easy to be
fragile, and a polishing pad made from the polyurethane resin is
excessively hard, which sometimes causes scratches to be
generated on a surface of an object to be polished. Moreover,
since a polishing pad is easy to be worn away, it is unpreferable
25 from the viewpoint of a life of a polishing pad. On the other hand,
if a number-average molecular weight thereof exceeds 5000, a
polishing pad made from a polyurethane resin obtained from such a
polyol is unpreferably soft to thereby disable a sufficiently
satisfiable planarity to be earned.

30 Examples of the low-molecular-weight polyol that can be
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23 F-P07108TR(SG) The high-molecular-weight polyol includes, for example, polyether polyols
represented by polytetramethylene ether glycol and polyethylene glycol, polyester polyols represented by
polybutylene adipate, polyester polycarbonate polyols exemplified by redctid® /3 BEdd(RS bf polyester
glycols such as polycaprolactone polyol and polycaprolactone with alkylene carbonate, polyester
polycarbonate polyols obtained by reacting ethylene carbonate with a multivalent alcohol and reacting
the resulting reaction mixture with an organic dicarboxylic acid, and polycarbonate polyols obtained by
ester 10 exchangedetagethefranioly layHighyinzohe palend wetizghtyp odyiod ntdscrihed abuwebe used singly
or as a mixture Qf two.or more,thereqf. It is especially preferable to yse polytetramethylene ether glycol.
No imtaton s ThoL e S o R e L S ARt oo bt it
preferably in thd 2>-batgaedivdril 53dutanediohoilsfimi¢rairddinlihe range of from 500 to 2000 and
especially prefeé jglilnc ‘11};1% ‘[ﬁ‘%"i g‘ H &nag(%%f& 1399 f‘ra nf‘u qq\gle\‘/,igg\(point of an elastic characteristic of an
a u

obtained polyutéthane resin. If a humber-average motecular Welght thereof is less than 500, a
polyurethafe rebif-slyclnbexaneddim dth anhlh| Sontdhy hdt, Reprert anéfitioht diethylsneacteristic and

easy to be frag] d ishi de ffam the I LIS, sxgessively hard, which
sometimes cagg&%:ifa%ﬁegfg%%%g%%tgﬂqgﬁq g%‘r%g@g%ﬁa%r? %%f%lif %glished. Moreover, since
a polishing padﬁﬁwmmnmﬂmgmmﬁﬁmmmm@emmluﬁmﬂfe of a polishing
pad. On the ot @gﬁ;tﬁﬁwmﬂg&[ﬁggmgc ;%ﬁ%%%mes@%i%fe%%g 1.& polishing pad

made from a polyurethaneresin“obtained from su ol is Unpreferably soft to théreby disable a
sufficiently dulcitol, sucrose, 2,2,6,6-tetrakis(hydroxymethyl)cyclohexanol,

10 diethanolamine, N-methyldiethanolamine, triethanolamine and the
like. Other examples that can be used together with the
high-molecular-weight polyol also include: low-molecular-weight
polyamine such as ethylenediamine, tolylenediamine,
diphenylmethanediamine, diethylenetriamine and the like. Still

15 other examples that can be used together with the
high-molecular-weight polyol also include: alcoholamines such as
monoethanolamine, 2-(2-aminoethylamino)ethanol,
monopropanolamine and the like. The low-molecular-weight
polyols and the low-molecular-weight polyamines may be used

20 either alone or in combination of two or more kinds. A mixing
quantity of each of a low-molecular-weight polyol and a
low-molecular-weight polyamine is not specifically limited and
properly determined so as to match characteristics required for a
manufactured polishing pad (a polishing layer) but is preferably in

25 the range of from 20 to 70 mol % relative to a total polyol
component.

An isocyanate-terminated prepolymer is produced by
heat-reacting a polyol component described above with an
isocyanate component at an equivalent ratio of an isocyanate

30 group (NCO) to an active hydrogen (H*) (NCO/H¥) in the range of
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satisfiable planarity to be earned. 30 Examples of the low-molecular-weight polyol that can be 24
F-PO7108TR(SG) used together with a high-molecular-weight polyol described above include: ethylene
glycol, 1,2-propylene glycol, 1,3-propylene glycol, 1,2-butanediol, 1,3-bufarfZifdi08 R G8Ehediol,
2,3-butanediol,1,6-hexanediol, neopentyl glycol, 5 1,4-cyclohexanedimethanol, 3-methyl-1,5-pentanediol,
diethylene glycol, triethyleneglycol, 1,4-bis(2-hydroxyethoxy)benzene, trimethylolpropane, glycerin,
1,2,6-hexanetriol, pentaerythritol, tetramethylolcyclohexane, methyl glucoside, sorbitol, mannitol, dulcitol,
sucrose, 2,2,6,6rmtna ki tyd B0y aredhpbefatahbxanctheOrdegeaoh Brownel .8-toeth@diethianolamine,
triethanolamineaang tpgvg eﬁptggfoe{(ﬁ%nl@g‘? itg"i% é:éart]l?e uieﬁl tgglgeltgeri/vim etpe{;,1 hri h-molecular-weight
polyol also inclfde W-moracu ar-weight polyamine sueh as ethy ne%‘l’a%lne, o']ly er%diamine,
diphenylmetharsytidhssis thethgtedibenasisite begtlyfierised andtbkesbynpididifiedan be used
together with th ighsmalecylar-wei 0 Iso,] - al lamines as monoethanolamine,
2-(2-aminoethy?arﬁ§|%l(lei%1dno ,%mégllneogé%%a{lriig aﬁ:nélhéingr%% 5&%&%@? %otv?\gr%fge%u zr-weight polyols and
the low-mofeculexceeidhS0lyargieas gugrikitysefl 2o rsidnted dseayanatentiemstias;of two or more kinds.
A mixing qu_anwe%ga,c@, 9 ??LS’X\B@R'%% SV %%thﬁ%g ik LE’X%‘ETQJ%%EE‘Ii‘é{?@WEDO'Yam'“e IS not
specifically limited and properly determined so as to match characteristics required for & manufactured
polishing pad (dpditkindenygsrthat ia profsiability 24 thpolynrethirom Z3io feanbliss relative to a total

polyol componag%raded_

In the first invention, as a chain extender, an aromatic

10 polyamine with a melting point of 70°C or lower is used. Examples
of such an aromatic polyamine include:
3,5-bis(methylthio)-2,4-toluenediamine,
3,5-bis(methylthio)-2,6-toluenediamine,
3,5-diethyl-2,4-toluenediamine, 3,5-diethyl-2,6-toluenediamine,

15 N,N’-di-sec-butyl-4,4’-diaminodiphenylmethane,
3,3’-diethyl-4,4’-diaminodiphenylmethane, m-xylylenediamine,
N,N’-di-sec-butyl-p-phenylenediamine, m-phenylenediamine,
p-xylylenediamine, and a polyalkylene oxide-di-p-aminobenzoate
expressed by the general formula (1). It is especially preferable to

20 use polytetramethylene oxide-di-p-aminobenzoate with a
polymerization degree n in the range of from 2 to 5. The aromatic
polyamines may be used either alone or in combination of two or
more kinds.

It is preferable to use a low-molecular-weight polyol and/or a

25 low-molecular-weight polyamine, both described above, may be
used together with a chain extender described above when
necessary. In a case where the compounds are used in
combination, a chain extender is preferably used at a content of 80
mol % or more and more preferably used at a content of 90 mol %

30 or more. If a content of a chain extender is less than 80 mol %, a
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An isocyanate-terminated prepolymer is produced by heat-reacting a polyol component described above
with an isocyanate component at an equivalent ratio of an isocyanate 30 group (NCO) to an active
hydrogen (H*) (NCO/H*) in the range of 25 F-P07108TR(SG) from 1.2 t& 519 4h83R{S@bly in the range
of from 1.6 to 2.6. If an equivalent ratio thereof is less than 1.2, a prepolymer during synthesis thereof
tends to be polymerized and thereby solidified and gelled. On the other hand, if an equivalent ratio
thereof 5 exceeds 5.0, a great quantity of unreacted isocyanate remains; therefore, a reaction with a
chain extender tendesleyatatisésathag aocelicdilemet ercdncreakis)ikt\celladiamertsthase resin foam is

degraded. In the fLsRvGII0N, 5 ACAARISHSL AN ARG 10, LANAP L G Uil dgeting pointof 70C
or lower is used. amples o suchan aromatic polyamine Incluae: o,

5-bis(methylthi@afl 4& sletecaeatath, 3, 5-bis(methylthio)-2,6-toluenediamine,
3,5-diethyl-2,4-toluenedjamjne, 3,5-di [:2 6-toluenediami .
NNl sac b4 4-dhniison & BEepe iRy SR Brtander can be sitered in
m-xylyleneBianwaeioMs\weyscacioonding tormyobechdatirweightiscthéaroliandne desiyédenediamine, and
a polyalkylene Qx| %‘@i'i" 'g P L\ ease Wé@ g&nel {gr &1).ihi%§&g cially preferable
to 20 use polyt ragmétﬁylgégﬂﬁg-d?-pg?nmobe%zg%\te wi?h a pg?&meér%%oﬁ degree n ﬁ’l the range of
from 2 to S. Théarhtaiie pglistiing pad withsadlesiradapolishingcohdriacteristioso or more kinds.

Itis preferable ‘ﬂa%sﬁuﬁﬁ%%?%&@a‘ﬁ‘a@’h?%’;% moﬁlaepolymer relative to the

number of functional groups of a chain extender is preferably in
10 the range of from 0.95 to 1.20 and more preferably in the range of
from 0.99 to 1.15.

The second invention, as a chain extender, uses an EO
adduct and/or a PO adduct of at least one kind of an aromatic diol
selected from the group consisting of hydroquinone, resorcin,

15 p-xylylene glycol and bisphenol A.

An additive quantity of an EO adduct and/or a PO adduct is
not specifically limited but is preferable in the range of from 2 to 4
mol relative to 1 mol of an aromatic diol. If additive quantities of
an EO adduct and/or a PO adduct falls outside the range, a

20 polyurethane resin foam is soft and a tendency arises that it is
difficult to obtain a satisfiable planarity.

A ratio of a prepolymer to an aromatic diol EO/PO adduct
can be altered in various ways according to molecular weights
thereof and a desired physical property of a polishing pad to be

25 manufactured. In order to obtain a polishing pad with desired
polishing characteristics, a ratio of the number of isocyanate
groups of a prepolymer relative to the number of functional groups
of an aromatic diol EO/PO adduct is preferably in the range of from
0.95 to 1.20 and more preferably in the range of from 0.99 to 1.15.

30 As a chain extender, a low-mlecular-weight polyol and/or a
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25 low-molecular-weight polyamine, both described above, may be used together with a chain extender
described above when necessary. In a case where the compounds are used in combination, a chain
extender is preferably used at a content of 80 mol % or more and more prefétabBBuS4$ad a content of 90
mol % 30 or more. If a content of a chain extender is less than 80 mol %, a 26 F-P07108TR(SG)
tendency arises that a cell diameter increases, a cell diameter is easy to fluctuate and a planarization
characteristic of a polishing pad is deteriorated. A ratio of a prepolymer to a chain extender can be

altered in 5 variowsmalscaiaordieigit mokyeulsineangays beansetlatug e tiesireritplaysical property of a
polishing pad to be mgnufgctur. rder, to.obtain a polishi ad,with a desired, polishing
characteristics,aﬁ1°en}f"§tr%1‘i)gr1 %L]'f ?s%gfgﬁg%?gﬁbs%} & p‘gaesfowqrﬁlégerg%ﬁv%ofg ity %%gn%reer of functional
groups of a chawsestémdmmshinstion)\itnid ptefexahje tbfumn 8®atomh2baddah®@ [RPEferably in the

range of from %ﬁﬁﬁ%ﬁa]t%ﬂ&%%?”odfiﬂ CHIS 23 AR SXIPNISTe SR alh fﬁaﬁg”‘:t andfor a PO

adduct of at least one kind of an aromatic diol selected from the group consisting roquinone,
resorcin, 15 p-xgbideat gt OtnuadiShhelbhAcontenitivf axrmotnatiadieDEQABRE and/or a PO adduct

is not specificaﬁ&&g@@gsq%rsiss mg;grgﬁlg{glt@e’ @Qg%&)gggggﬁgﬁeé mglrglaﬁix&g&rn&gl of an aromatic

diol. If additive quantities of an E uct andlor a P s outside the range, a 20 polyurethane
resin foam is scftesldl ineneasesy arbiempteit of alitdlliscatyate flueturatielapdaarity. A ratio of a

prepolymer to aﬂ‘léﬁ%@ﬁ%ﬂﬁl GREQRIMNEE of a polishing pad is deteriorated.

The third invention, as a chain extender, uses at least one
10 kind of a halogen free aromatic amine selected from the group
consisting of compounds expressed by the general formulae (2) to
(4).

In the general formula (2), R! to R3, each independently of

the others, are an alkyl group having 1 to 3 carbon atoms or a

15 methylthio group and preferably an alkyl group having 1 to 2
carbon atoms or a methylthio group. Among halogen free
aromatic amines expressed by the general formula (2), especially
preferably used are 3,5-diethyl-2,4-toluenediamine,
3,5-diethyl-2,6-toluenediamine,

20 3,5-bis(methylthio)-2,4-toluenediamine and
3,5-bis(methylthio)-2,6-toluenediamine.

In the general formula (3), R* to R7, each independently of
the others, H or an alkyl group having 1 to 4 carbon atoms and
preferably an alkyl group having 1 or 2 carbon atoms. Among

25 halogen free aromatic amines expressed by the general formula (3),
especially preferably used are 4,4’-diaminodiphenylmethane,
4,4’-diamino-3,3’-diethyl-5,5’-dimethyldiphenylmethane,
4,4’-diamino-3,3’,5,5’-tetraethyldiphenylmethane,
4,4’-diamino-3,3’-diisopropyl-5,5’-dimethyldiphenylmethane and

30 4,4’-diamino-3,3’,5,5’-tetraisopropyldiphenylmethane.

28



can be altered in various ways according to molecular weights thereof and a desired physical property of
a polishing pad to be 25 manufactured. In order to obtain a polishing pad with desired polishing
characteristics, a ratio of the number of isocyanate groups of a prepolymer P&aH08 8 ¢REhumber of
functional groups of an aromatic diol EO/PO adduct is preferably in the range of from 0.95 to 1.20 and
more preferably in the range of from 0.99 to 1.15. 30 As a chain extender, a low-mlecular-weight polyol
and/or a 27 F-PO7108TR(SG) low-molecular-weight polyamine may be used together with an aromatic
diol EO/PO adduct. In drcdbe \glhoesr ddaompbu(fls adsusedntegenfiremo?, tbidpeatkrable to use an

aromatic diol EO{,P% ggijug[nag goréteét ofgoam Ilg/oigr rgqr%gng rgloge p e{%r%@y %tda 5 content of 90
mol %. If a contBht of an Aromatic diol EOIPO Raduct s 1ess than 80 mo 0, & en(fency arises that a
diameter of a cplieforablyeanaiditegetcfroin dctioisSeadyning halegemdfaeplananation characteristic of

2 polshing paddsdlsiel il JP Ay ehio eORa T AR 81 SR USRS AdRaRe 10 Kind of 2
halogen free aromatic amine se ected from e group consisting’ of compounds expresgéd by the general
formulae (3 to ys¢datectyanetdytene glyPoRdicpRanimchéndopsadondy of the others, are an alkyl

group having 1#%%19(?&?)%{#%{%[};&9%%%&@9&2' [Igli&%ﬁ%%ggga%etg{@glx an alkyl group having 1 to 2

carbon atoms or a oup. Among gen free aromatic amines expressed by the general
formula (2), esrelyipepiedsiabl\deguceareip Shikcthyige Liditemedidmibe,

3,5-diethyl-2,6-tolueneqjaing. £l fnteltd RELY 3R S1EUHRIEWHRIBIE f8F ol and/or a
low-molecular-weight polyamine, both described above, may be
10 wused together with a halogen free aromatic amine as a chain
extender described above when necessary. In a case where the
compounds are used in combination, a halogen free aromatic
amine is preferably used at a content of 80 mol % or more and
more preferably used at a content of 90 mol %. If a content of a
15 Thalogen free aromatic amine is less than 80 mol %, a tendency
arises that a cell diameter increases, a cell diameter is easy to
fluctuate and a planarization characteristic of a polishing pad is
deteriorated.
A ratio of a prepolymer to a chain extender can be altered in
20 various ways according to molecular weights thereof and a desired
physical property of a polishing pad to be manufactured. In order
to obtain a polishing pad with desired polishing characteristics, the
number of isocyanate groups of a prepolymer relative to the
number of functional groups of a chain extender is preferably in
25 the range of from 0.95 to 1.20 and more preferably in the range of
from 0.99 to 1.15.
In the fourth invention, in a case where a polyurethane resin
foam is produced by means of a prepolymer method, a chain
extender is used in curing of a prepolymer. A chain extender is an

30 organic compound having at least two active hydrogen groups and
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3, 5-bis(methylthio)-2,6-toluenediamine. In the general formula (3), R4 to R7, each independently of the
others, H or an alkyl group having 1 to 4 carbon atoms and preferably an alkyl group having 1 or 2
carbon atoms. Among 25 halogen free aromatic amines expressed by thd gBREAIFdREER)(3), especially
preferably used are 4,4'-diaminodiphenylmethane, 4,4'-diamino-3,3'-diethyl-5,
5'-dimethyldiphenylmethane, 4,4'-diamino-3,3', 5,5'-tetraethyldiphenylmethane,
4,4'-diamino-3,3'-diisopropyl-5,5'-dimethyldiphenylmethane and 30

4,4'-diamino-3, &xabipdesied propwickphe ihkdaigancgrad p-ineTdaeT R (ychrdxyhermnpsal formula (4), m
is an integer frorr} .%{[o 4 %r}dsgreger :PI a%gﬁ%gelr. é’-,uor % Ef'fanrl isl%r111 iné% rfro‘int}l éolﬁ%) and preferably
an integer from™ 10 g.ryAmong aloge fiee aromane amines e pre£s gaﬁﬁe genera Formula (4),
especially prefeCabrgrétesesamples ofhthen chpyoobxitendennaivdndeatpalyd matyestsumbthylene
oxide-di-p-amingbgnzoate wi I} erization degrea R range of from 1 to S. It is preferable to
use a Iow-molecgz)l%’lgr’-%v(?glﬁ%% )%)-Ilga?r%?érce? fi‘é:\?\%#o e%ﬁjgﬂvavelg t polyamine, both described above, may
be 10 usedbtog@iedidiroroasfoghefipleneshiamdnesine as a chain extender described above when

necessary. In a&g_ﬁy&gﬁ%g&f%%%ﬁgmiﬂg& .megombination, a halogen free aromatic amine is

preferably used &t a conte % or more and more preferably used at a content of 90 mol %. If a
content of a 15 desirrethyidinia)2afhitelweredidnmirBg mol %, a tendency arises that a cell diameter

increases, a cely fg?ﬁ‘i‘g([ﬁ{éﬁ%ﬂﬂﬁfg)-Qf&tlﬂﬂiﬁéﬂgcﬁﬂ?ﬂ?éizaﬂ°n characteristic of a polishing pad is

deteriorated.
3,5-diethyltoluene-2,4-diamine, 3,5-diethyltoluene-2,6-diamine,

10 trimethylene glycol-di-p-aminobenzoate, polytetramethylene
oxide-di-p-aminobenzoate,
4,4’-diamino-3,3’,5,5’-tetraethyldiphenylmethane,
4,4’-diamino-3,3’-diisopropyl-5.5’-dimethyldiphenylmethane,
4,4’-diamino-3,3’,5,5’-tetraisopropyldiphenylmethane,

15 1,2-bis(2-aminophenylthio)ethane,
4,4’-diamino-3,3’-diethyl-5.5’-dimethyldiphenylmethane,
N,N’-di-sec-butyl-4,4’-diaminophenylmethane,
3,3’-diethyl-4,4’-diaminodiphenylmethane, m-xylylenediamine,
N,N’-di-sec-butyl-p-phenylenediamine, m-phenylenediamine and

20 p-xylylenediamine; low-moleculer-weight polyol component; and a
low-molecular-weight polyamine component. The chain extenders
described above may be used either alone or in mixture of two
kinds or more. Especially preferably used are halogen free
aromatic diamines such as 3,5-bis(methylthio)-2,4-toluenediamine

25 and 3,5-bis(methylthio)-2,6-toluenediamine.

A ratio between an isocyanate component, a polyol
component and a chain extender in the fourth invention can be
altered in various ways according to molecular weights thereof,
desired physical properties of a polishing pad and the like. In

30 order to obtain a polishing pad with desired polishing
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A ratio of a prepolymer to a chain extender can be altered in 20 various ways according to molecular
weights thereof and a desired physical property of a polishing pad to be manufactured. In order to obtain
a polishing pad with desired polishing characteristics, the number of isocyaR8tel§fdis>6Da prepolymer
relative to the number of functional groups of a chain extender is preferably in 25 the range of from 0.95
to 1.20 and more preferably in the range of from 0.99 to 1.15. In the fourth invention, in a case where a
polyurethane resin foam is produced by means of a prepolymer method, a chain extender is used in
curing of a prepdhanectéristioscateaticr of $h8humber abispoyanate/ igrpapsdst 4mo active hydrogen
groups and 29.F-P0O7108TR(SG) examples of the active hydrogen groyp include: a hydroxyl group, a
primary or secolﬁgg&agr%?ﬁoc&% ?%etﬁlgo ?;fr%%méﬁ)aa\%%p eﬁ?ﬁé‘.gg"oﬂcrae‘?g“erfamples of the chain

extender includbydalygen rgxo spsh(lgaldt okyh giytgre bistmihdogrenibisk /O pely ol

2,6-dichloro-p-phenyl i 4 A4'-methyl is(2,3-di nilj
5-bis(methylthio 9%?&%2}?%&%%%&%?5%& ﬁse%ﬁyg%%%g%%ﬁeﬁe |8Fm§|%3,ge of from
3,5-diethyltoluefe8D 4alikiRD a8l Smiath yireifenably, dnitheirenge wififedmdch®9 to 1.15.

R L o b

4,4'-diamino-3,3eBdeneyraiisgrothafiinsufficintnuritglozdis-thenchn argithieyathane,

4’4"0'iami”0'3’i'ﬁ‘ﬁﬁiﬁ\@'éri"}‘i@‘ﬂﬂil'gim@&ﬂ@@f‘ﬁgﬁh are desired, is obtained and
polishing characteristics are deteriorated.

10 A polyurethane resin foam of the first invention is produced
by means of a melting method giving consideration to a necessity
for cells to be included into a polyurethane resin, a cost, a working
environment and the like. Then, a silicon-based surfactant
containing a silicon resin, which is a copolymer of

15 polyalkylsiloxane and polyalkyl ether, is used to thereby produce a
polyurethane resin foam using a mechanical foaming method.
Exemplified as such silicone-based surfactants is SH-192
(manufactured by Toray Dow Corning Silicone Co., Ltd.) as a
preferable compound.

20 Various additives may be mixed; such as a stabilizer
including an antioxidant, a lubricant, a pigment, a filler, an
antistatic agent and others. They can be mixed into any of the
first component and the second component, but preferably added
into both components while both components are mixed.

25 Description will be given of an example of a method of
producing a polyurethane resin foam of a fine cell type constituting
a polishing pad (a polishing layer) below. A method of
manufacturing such a polyurethane resin foam has the following
steps:

30 1) a foaming step of preparing a cell dispersion liquid of an
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N,N'-di-sec-butyl-4,4'-diaminophenylmethane, 3,3'-diethyl-4,4'-diaminodiphenylmethane,
m-xylylenediamine, N,N'-di-sec-butyl-p-phenylenediamine, m-phenylenediamine and 20
p-xylylenediamine; low-moleculer-weight polyol component; and a low-note@AREE$olyamine
component. The chain extenders described above may be used either alone or in mixture of two kinds or
more. Especially preferably used are halogen free aromatic diamines such as
3,5-bis(methylthio)-2,4-toluenediamine 25 and 3,5-bis(methylthio)-2,6-toluenediamine. A ratio between an
isocyanate comisocyanatectgoininatecshpnépaliymerain extender in the fourth invention can be altered

in various ways acecording to_molecular weights thereof desi(?d hysical properties of a polishing pad
and the Tike. B AR e e 7108 TR(SO)
characteristics, isogyanatectemmbea teid puspobtegmn upbichais mgitadrdiéncdhwponent relative to a total

number of activ rogencgrou roxyl groups i L in.a polyol component and a chain
extender is prelélfggﬁi/n%%tr%%aﬁﬁ b‘%%rtﬁ‘é(ﬁg%u% t %%Eg %%%@S%ég%%léﬁ%fﬁ%a%%%g of from 0.99 to
1.15. If theébnurgberiotizdbhenpacpglyoperfakisfinestiilhandngbtainendelodiapeesidmt insufficint curing
occurs, therebyl ther amsgeg'fg%%\g%r}q{ a_har Q_otg g %'rg ,Ag tained and polishing
characteristics a[r@"lggﬁeriorated%l 10 A polyure?h n re§in foam (%; t%e%rst ﬁﬁve%n iS produced by means
of a melting methmipsvatygrontive prepelymer ie prishéateditota rorpsudednperatpak/urethane resin,
a cost, a working, gnviconment and.the like, Then, a silicon-based surfactant containing a silicon resin,

which is a copolymer of
2) a curing agent (chain extender) mixing step

10 , wherein a chain extender is added into the cell dispersion liquid,
which is agitated to thereby obtain a foaming reaction liquid.
3) a casting step
, wherein the forming reaction liquid is cast into a mold.
4) a curing step

15 , wherein the foaming reaction liquid having been cast into the
mold is heated and reaction-cured.

The non-reactive gas used for forming fine cells is preferably
not combustible, and is specifically nitrogen, oxygen, a carbon
dioxide gas, a rare gas such as helium and argon, and a mixed gas

20 thereof, and the air dried to remove water is most preferable in
respect of cost.

As a stirrer for dispersing the silicone-based
surfactant-containing first component to form fine cells with the
non-reactive gas, known stirrers can be used without particular

25 limitation, and examples thereof include a homogenizer, a
dissolver, a twin-screw planetary mixer etc. The shape of a
stirring blade of the stirrer is not particularly limited either, but a
whipper-type stirring blade is preferably used to form fine cells.

In a preferable mode, different stirrers are used in stirring

30 for forming a cell dispersion liquid in the stirring step and in
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15 polyalkylsiloxane and polyalkyl ether, is used to thereby produce a polyurethane resin foam using a
mechanical foaming method. Exemplified as such silicone-based surfactants is SH-192 (manufactured
by Toray Dow Corning Silicone Co., Ltd.) as a preferable compound. 20 FaP@(5IdE#E) may be mixed;
such as a stabilizer including an antioxidant, a lubricant, a pigment, a filler, an antistatic agent and
others. They can be mixed into any of the first component and the second component, but preferably
added into both components while both components are mixed. 25 Description will be given of an
example of a mstihoiing fiomochicsinggaamo hddeth avhaiasexteadef mfilecalinipg staptituting a polishing
pad (a polishing layer) bhelow. Aimethod of . manufacturin ch a polyurethane resin foam has the
folowing stepe FFTFATSiRnd b e At PRI WL ARy S OB bR orriso)
isocyanate-ternstiatiu g fopdgrmingveedlsimadilicsrierba ek geiaetating daicksl ¢eldsais
isocyanate-termin er, which is_agitated in the presence,of a non-reactive gas to thereby
disperse the ng#%fggﬁgg%g%%;ﬁfmﬁ%%%p?e%% y%g?sa #ﬁ%gaéﬁ?a%f l0 I%z(aeutnqn' clegfl‘%%ﬁersion liquid. In a
case wherétheThepsameestirsekdayberdsedindiestimniagstqpepod/ ther migrgigated to a porper

Chain extencier B B B e S roaming
persion liquid, which'is agitated to thereby obtairTa foaming
reaction liquid. Blasdesate@refprably regulated as necessary.
In the method of producing the polyurethane foam with fine
cells, heating and post-curing of the foam obtained after casting
10 and reacting the forming reaction liquid in a mold until the
dispersion lost fluidity are effective in improving the physical
properties of the foam, and are extremely preferable. The forming
reaction liquid may be cast in a mold and immediately post-cured
in a heating oven, and even under such conditions, heat is not
15 immediately conducted to the reactive components, and thus the
diameters of cells are not increased. The curing reaction is
conducted preferably at normal pressures to stabilize the shape of
cells.
In the production of the polyurethane foam, a known
20 catalyst promoting polyurethane reaction, such as tertiary
amine-based catalysts, may be used. The type and amount of the
catalyst added are determined in consideration of flow time in
casting in a predetermined mold after the mixing step.
Production of the polyurethane foam may be in a batch
25 system where each component is weighed out, introduced into a
vessel and mixed or in a continuous production system where each
component and a non-reactive gas are continuously supplied to,
and stirred in, a stirring apparatus and the resulting forming
reaction liquid is transfered to produce molded articles.

30 A manufacturing method of a polishing pad of the first
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, Wherein the forming reaction liquid is cast into a mold. 4) a curing step 15, wherein the foaming
reaction liquid having been cast into the mold is heated and reaction-cured. The non-reactive gas used
for forming fine cells is preferably not combustible, and is specifically nitrogBR7d¥¢JE&{S¥2arbon dioxide
gas, a rare gas such as helium and argon, and a mixed gas 20 thereof, and the air dried to remove water
is most preferable in respect of cost. As a stirrer for dispersing the silicone-based surfactant-containing
first component to form fine cells with the non-reactive gas, known stirrers can be used without particular
25 limitation, arisheeatipke nhyrbef pesifaiereedam ogayszcn arkisedwdrichtwiprepelyplenctary mixer etc.
The shape of a_gtirring blade of the, stirrer s not particularly limited either, but hipper-type stirring
blade is prefera%’sl?/lﬁgeq(f © ngFJnlﬁlr?e':%lélﬁls. Na) p‘r’i@g(r:a ?e?r%cl)lnélgﬁré’rae‘r?t(gtﬁ’r%ﬁg if’;illlrlel%?sed in stirring 30
for forming a cdiagspdsaratiguis puthéntrantesieticomyesSe FtROTdOBER ESCHabtirring for mixing an
added chain exg;{r}%

stirring for forming c%': s?r;%%%%ﬁge?}% gt;igﬁ %%ﬁ?%%%‘%%rﬁsg lljélg %Fg Igrle? Ié%?g%%gﬁ zt:tpi) rrrg??/snm >
preferably & platheaeafhércthe Thixtunecistast intobe nueld iwitke stpriadettepmainkthe mixing step, and
the method of P ueeeEctd ke cHale & RIS REHat R e roam
obtained after gdm n%ampmmm@wm@ammiofmmi%udm%ﬁqmep of
casting into the mold, a thin sheet may be directly produced.
Besides, a still another way may be adopted in which a resin of raw
10 material is melted, the melt is extruded through a T die to thereby
mold a polyurethane resin foam directly in the shape of a sheet.
On the other hand, a polyurethane resin foam of the second
to fourth inventions can be produced by applying a melting method,
a solution method or a known urethanization technique, among
15 which preferable is a melting method, consideration being given to
a cost, a working environment and the like.
Manufacture of a polyurethane resin foam of the second and
third inventions is to mix the first component containing an
isocyanate-terminated prepolymer into the second component
20 containing a chain extender to thereby obtain the reaction product
by curing.
Manufacture of a polyurethane resin foam of the fourth
invention is enabled by means of either a prepolymer method or a
one shot method, of which preferable is a prepolymer method in
25 which an isocyanate-terminated prepolymer is synthesized from an
isocyanate component and a polyol component in advance, with
which a chain extender is reacted since physical properties of an
obtained polyurethane resin is excellent. Note that an

isocyanate-terminated prepolymer with a molecular weight of the

30 order in the range of from 800 to 5000 is preferable because of
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dispersion lost fluidity are effective in improving the physical properties of the foam, and are extremely
preferable. The forming reaction liquid may be cast in a mold and immediately post-cured in a heating
oven, and even under such conditions, heat is not 15 immediately conduéted@6%A8 ¥B&&fe components,
and thus the diameters of cells are not increased. The curing reaction is conducted preferably at normal
pressures to stabilize the shape of cells. In the production of the polyurethane foam, a known 20 catalyst
promoting polyurethane reaction, such as tertiary amine-based catalysts, may be used. The type and
amount of the oem:lyﬂbmblyeﬂlav&dkﬂfﬂimdﬂdcphykieadtpmpfeﬂbi/eslmdwanwamtgia aefpredetermined

mold after the n@tg(lnﬁl g ﬁfg ﬁoductlon of it r&olgl.{rethanetfloap nl?oblg ina b?ﬁch 25 system where

each componenti |ntrrodluce ntoa vesse mixed or In a continuous production
system where meiWaMMpMMlmanpp@dhe and stirred in, a

tirri t { id St fered ticles. 30 A
manuaciiring AESRER Ger IR LEUHLARE O el R R et i
ways: in orfe of earthoupkgolyirerebpichie thraweaationl mdumichlalﬁﬂiﬁ;hlng pad (a polishing
layer) i d I I , th
o e A el T e i e

mixtue is agitat erea ter the mikture is ¢ ned size to thereby
prepare a blockasreinttiedsiyeinate|grepitoan tiininfkecampavardand andhsain; exteirdemother of which

in the step of caglipaduQ 1He 800 HhP SHER PSP & SHEHN RIS ound. In the
one shot method, an isocyanate component serves as an
10 isocyanate group containing compound, and a chain extender and a
polyol component combined serves as an active hydrogen
containing compound.
Manufacturing methods of a polyurethane resin foam
include: a method in which hollow beads are added, a mechanically
15 foaming method, a chemically forming method and the like.
Among the manufacturing methods, preferable is the
mechanically foaming method using a silicone-based surfactant
containing a silicon resin, which is a copolymer of a
polyalkylsiloxane and a polyalkyl ether. A silicon resin described
20 above is preferably in the range of from 1000 to 6000 in
weight-average molecular weight and a ratio of ethylene oxide
/propylene oxide in a molecule thereof (in molar ratio) is preferably
in the range of from 70/30 to 100/0. The silicone resin has a
siloxane skeleton with a hydroxyl group or an alcoxyl group at the
25 terminal of a side chain thereof, of which preferable is the
structure with a hydroxyl group at the terminal of a side chain
thereof. A hydroxyl group at the terminal of a side chain of the
siloxane skeleton increases compatibility thereof with a
polyurethane resin, which enables a polyurethane resin foam with a

30 more uniform, fine cell structure to be obtained. Examples of
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Besides, a still another way may be adopted in which a resin of raw 10 material is melted, the melt is
extruded through a T die to thereby mold a polyurethane resin foam directly in the shape of a sheet. On
the other hand, a polyurethane resin foam of the second to fourth inventiw@gﬂ%'r&g%‘&

a melting method, a solution method or a known urethanization technique, among 15 which preferable is
a melting method, consideration being given to a cost, a working environment and the like. Manufacture
of a polyurethane resin foam of the second and third inventions is to mix the first component containing
an isocyanate-sarohnatsidipoapolyasedisiorfiae tsact inlcladeoSE 193 (omainfag tusckdiby xtender to

Sisslion atiel hsulng, Manyadyrq Al gpiiciigne iesiy g of he fourth
ne shot metho

thereby obtain .
invention is ena ?eg%y means of el

er a prepolyrifer method or a d, Bf whi

ed by applying

ch preferable

@s a prepolymermmmwamhwtaﬁmbyaﬂgtbmmatéd_qﬂmmdd Wnﬂ from an
Isocyanate Com&%@enageg%% RO (gik%o 1%%”8”‘L{@hag"ﬁ‘gr}ﬁ?oyﬁgﬁw?ﬂ%%%%Q&%‘ﬁ?ﬁ%’ﬁr IS

physical properties’of an o

tained polyurethane resin IS exce

reacted since

at an 1socyanate-terminated

prepolymebwitlof anside tdnairightod $idicdtherdesin withaagabsdrcnegd00poa80dteis preferable
because of 34 Eéfr?lﬂgﬁ'gﬁgsg&eeé gqﬁrjcy in workability and physical properties. Manufacture of the

polyurethane resin

oam is to mix the first component containing an isocyanate group containing

compound and the sgdmﬂl@oﬁmmmérdainmmj\thm gadbyﬂimnt_atnhgf & compound to
thereby cure the reaglonAredyelin HS M IO YPHBISEBE 96 AhiSIGRIUSIPHIRated prepolymer

Serves

10

15

20

25

30

preferably in the range of from 30 to 60 um. If an average cell
diameter exceeds 70 um, a tendency arises that a planarity of an
object to be polished after polishing is reduced.

In the fourth invention, an average cell diameter of a
polyurethane resin foam is preferably in the range of from 30 to 80
pm and more preferably in the range of from 30 to 60 um. If an
average cell diameter falls outside the range, a tendency arises that
a polishing speed is decreased and a planarity of an object to be
polished (a wafer) after polishing is reduced.

Fluctuations in cell diameter of a polyurethane resin foam is
preferably 8.5 or less and more preferably 8 or less in terms of a
standard deviation. If a standard deviation exceeds 8.5, a
planarization characteristic is deteriorated and a polishing rate
gets unstabilized.

A specific gravity of a polyurethane resin foam is preferably
in the range of from 0.5 to 1.0. If a specific gravity thereof is less
than 0.5, a tendency arises that a surface strength of a polishing
layer is lowered and a planarity of a polished object is reduced. On
the other hand, if a specific gravity thereof more than 1.0, a
tendency arises that the number of cells on the surface of a
polishing layer gets smaller and a polishing speed is decreased,

though with a good planarity ensured.
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as an isocyanate group containing compound and a chain extender serves as an active hydrogen group
containing compound. In the one shot method, an isocyanate component serves as an 10 isocyanate
group containing compound, and a chain extender and a polyol componéntféorhBHhENSEVes as an
active hydrogen containing compound. Manufacturing methods of a polyurethane resin foam include: a
method in which hollow beads are added, a mechanically 15 foaming method, a chemically forming
method and the like. Among the manufacturing methods, preferable is the mechanically foaming method
using a silicone-based Auhfardaress @ftaipolyasitteame sesiw fioins & predbraklyoim thelyalkylsiloxane
anql a polyalkyl %ﬂe% é 'lig%r; ;‘e?ipodggc&:geld %O gb%% Ass ﬁ)rgf r‘%llq:lﬁ ig :{hfs'i?nlgf)()f from 1000 to 6OOQ in
weight-average orscular weightand ara i Of esfhy?ene oxide /propylene oxide in a molecule thereof (in
molar ratio) is phefisialelys méterandt i iAokei(Bbhaordness. isHe sslithan ASidégreeassdoxane skeleton

with a hydroxyl nalcoxyl gr t.th rininal of a side chain thereof, of which preferable is
the structure Wﬁa%{ %ﬁéﬁgylﬁ%%{ﬁ%ﬁﬁ%o% rgrﬁ?n%g (%?aus?(% ’ch‘"fh:;uril gtr?ée%}?ﬁ yg%o%l& \g)oup at the
terminal of @ sid€ ahaskéthP bivdaesske rgenthons @Scdagraeisiiy thodenoythriseslyurethane resin,

which enables Y, i i j i I 0,be obtained.
Examples of 35Q§%0%?£%§§£&%¥%%£%%§ i%lr g%n%?ﬁéﬁgﬂgﬁ%%{(%anufactured by
Toray Dow Corgb@tﬂ!mi@m.gngl!)',eQS_MO (manufactured by Nihonunica Corporation) and the like. A
silicon-based surfactang W&&%@'B&S{B‘a‘i{hfﬁﬂg M&% RS QURiBlLIRE terminal

preferably provided with a depression and a protrusion structure

10 for holding and renewing a slurry. Though in a case where the
polishing layer is formed with a fine foam, many openings are on a
polishing surface thereof which works so as to hold the slurry, a
depression and protrusion structure are preferably provided on the
surface of the polishing side thereof in order to achieve more of

15  holdability and renewal of the slurry or in order to prevent
induction of dechuck error, breakage of a wafer or decrease in
polishing efficiency. The shape of the depression and protrusion
structure is not particularly limited insofar as slurry can be
retained and renewed, and examples include latticed grooves,

20 concentric circle-shaped grooves, through-holes, non-through-holes,
polygonal prism, cylinder, spiral grooves, eccentric grooves, radial
grooves, and a combination of these grooves. The groove pitch,
groove width, groove thickness etc. are not particularly limited
either, and are suitably determined to form grooves. These

25 depression and protrusion structure are generally those having
regularity, but the groove pitch, groove width, groove depth etc.
can also be changed at each certain region to make retention and
renewal of slurry desirable.

The method of forming the depression and protrusion

30 structure is not particularly limited, and for example, formation by
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5 of a side chain and a silicone resin with an alcoxy group at the terminal of a side chain. In the first to
third inventions, an average cell diameter of a polyurethane resin foam is preferably 70 m or less and
more preferably in the range of from 30 to 60 m. If an average cell 10 didmERFOSEREZG m, a
tendency arises that a planarity of an object to be polished after polishing is reduced. In the fourth
invention, an average cell diameter of a polyurethane resin foam is preferably in the range of from 30 to
80 m and more preferably in the range of from 30 to 60 m. If an 15 average cell diameter falls outside the
range, a tendenmeehaaicabcutpiolgwithspgég sidbcasas ddtendfppiatetaymimedobizes to be polished

(a wafer) after F}c’lli-%‘.iﬂ%s rgd%%es . Fluctu téounrsljln (i%ll fjﬂairﬂeteﬂ-; ofb& ﬁgl‘yul{etgasneereigg foam is
preferably 8.5 orless and more pre’frelga%fil or less T terms oF a 20 stahdard deviation. If a standard

deviation exceesisr8aseasipires foativatibnrbyt@ressingl eemioratithangpregsiingiplptete gets

B LIS Lo R3S M BiRBDE A of fom 05 10 1.

unstabilized. A ific gravity.af a po
a specific gravit@%%%ggogis géé 555%12; 0. ndency arises that a surface Strength of a polishing layer

is lowered and foplaatiiondiy p plidhéingbinennscandefbrdrativndlyea haser lighdpusifitggravity thereof

more than 1.0, a &gd Qg)igggegltl'% q umber of cells on the surface of a polishing layer gets smaller
and a polishing spee%lgs decreased, Sttﬁlg%'gh with a good planarity ensured. 36 F-PO7108TR(SG) A

hardness of a polyuretitmespesifidimitatisioris placed omgthitkoess facpalishing as measured

with an Asker IQayer, but a thickness thereof is about 0.8 to 4 mm, preferably 1.5

to 2.5 mm. The method of preparing the polishing layer of this
10 thickness includes a method wherein a block of the fine-cell foam
is cut in predetermined thickness by a slicer in a bandsaw system
or a planing system, a method that involves casting resin into a
mold having a cavity of predetermined thickness and curing the
resin, a method of using coating techniques and sheet molding
15 techniques, etc.

The scatter of the thickness of the polishing layer is
preferably 100 um or less. When the scatter of the thickness is
higher than 100 um, large undulation is caused to generate
portions different in a contacting state with an object of polishing,

20 thus adversely influencing polishing characteristics. To solve the
scatter of the thickness of the polishing layer, the surface of the
polishing layer is dressed generally in an initial stage of polishing
by a dresser having abrasive grains of diamond deposited or fused
thereon, but the polishing layer outside of the range described

25 above requires a longer dressing time to reduce the efficiency of
production.

As a method of suppressing the scatter of thickness, there is
also a method of buffing the surface of the polishing layer having a
predetermined thickness. Buffing is conducted preferably

30 stepwise by using polishing sheets different in grain size.
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hardness meter. If an Asker D hardness is less than 45 degrees, a planarity of a polished object is
reduced, while on the other hand, 5 if an Asker D hardness is larger than 65 degrees, a tendency arises
that a uniformity of a polished object is degraded, though with a good pldrafRy EA8TRSE A polishing pad
(polishing layer) of the invention is preferably provided with a depression and a protrusion structure 10
for holding and renewing a slurry. Though in a case where the polishing layer is formed with a fine foam,
many openings are on a polishing surface thereof which works so as to hold the slurry, a depression and
protrusion structure areAppefbistiyg paddefl thetieventixoe nidhapsdidivrg lsidetateofia order to

achieve more of 15 holdahility and renewal.of the slurry of.in order to prevepnt induction of dechuck error,
breakage of a v?é}gfq&%%%?é%geﬁﬂ%%If’s‘l!l?rllléoelf‘fi%%en%tz. Hg 5 gaetp‘e) Sﬁ%?é %Ipefb%’ssion and protrusion
structure is not particuldhelicwisdd oms sheeets(slushicarlayerbromepenshtendoed, and examples include

atiiced grooves, g, cRPERIYIE e il BRTALAIRR a5 AP YOl BaN iy uaL-Noles, polygonal
prism, cylinder, spiral grooves, eccentric grooves; ra iaf grooves, ané A combination of these grooves.
The grooveépitargquisedefoidtatigfying bodin piansicityrandt waifexmity lwhisth ethdm and are suitably
determined to fg_{,ghg;ﬁ?\i% it&q;sql ﬂ-? io gole L@'ﬁ;}rgt&cﬁg IS ggingrally those having
regularity, but the groove p?t%%, groo%% wiggﬁ,ﬁg'roovg%epﬁyetc. can also E% cﬁanged at each certain
region to make pattefonrggioncnpen| polikhing i ablie cthef meliskiingfbaningtfmdepression and

protrusion 30 SYEYCIYEG kL' PARISUBLY HBUA% A" ARG C YN QRS rifify P07 108 TR(SG)

refers to the uniformity of the whole of an object of polishing.

10 Planarity is improved by the characteristics of the polishing layer,
while uniformity is improved by the characteristics of the cushion
layer. The cushion layer used in the polishing pad of the present
invention is preferably softer than the polishing layer.

The material forming the cushion layer is not particularly

15 limited, and examples of such material include a nonwoven fabric
such as a polyester nonwoven fabric, a nylon nonwoven fabric or an
acrylic nonwoven fabric, a nonwoven fabric impregnated with resin
such as a polyester nonwoven fabric impregnated with
polyurethane, polymer resin foam such as polyurethane foam and

20 polyethylene foam, rubber resin such as butadiene rubber and
isoprene rubber, and photosensitive resin.

Means for adhering the polishing layer to the cushion layer
include: for example, a method in which a double sided tape is
sandwiched between the polishing layer and the cushion layer,

25 followed by pressing.

The double sided tape is of a common construction in which
adhesive layers are provided on both surfaces of a substrate such
as a nonwoven fabric or a film. It is preferable to use a film as a
substrate with consideration given to prevention of permeation of a

30 slurry into a cushion sheet. A composition of an adhesive layer is,
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mechanical cutting with a jig such as a bite of predetermined size, formation by casting and curing resin
in a mold having a specific surface shape, formation by pressing resin with a pressing plate having a
specific surface shape, formation by photolithography, 5 formation by a pFinti@d H&df S formation by
a laser light using a CO2 gas laser or the like. No specific limitation is placed on a thickness of a
polishing layer, but a thickness thereof is about 0.8 to 4 mm, preferably 1.5 to 2.5 mm. The method of
preparing the polishing layer of this 10 thickness includes a method wherein a block of the fine-cell foam
is cut in predetdioniasdnipdienedsabyubbécdras el adliesiveyatemcxylicgasied addtesive method that

involves casting resin i a mold havin cavit redetermined thickness and curing the resin, a
othod of neinC L ons g, Hatadevig B U BhRKie BRI Res A I o s of
the polishing lapdrascom¢ntis$ fittal oissd.o/wisictheousiteratiba tisgkivess isSimgter than 100 m,

large undulatior) i nerat rtions different n a contacti [ object of polishing,
20 thus adverse%f’ |§ﬁ§§§%#% glfsﬁ%% gr%#é%%rgst%%g oﬁsgl?/lglt %ﬁg%%?eﬁt%%%t lr:llckness of the
polishing ldyer, toenpeitvof fhempehch mthenrdiffece véccgomposiyionsnarétiatiopteslof polishing by a

dresser having ?ﬁ’e&% @@!ﬁi@saamsweqq O3 b AbILGH WG QtQ‘%ﬁQge% I3UyQ layer outside of

the range descri above requires a lonhger dressing time to reduce the eftici€éncy of production. As a
method of suppeaxsdite) aidhesive forehbiddte tenpestitecad hesiwsdlaypusiite biee surface of the

polishing layer Q%Ylﬂﬁ@d Q@&gﬁg}i%&l&i(g‘kness. Buffing is conducted preferably 30 stepwise by using
polishing sheets different in graif size.

A polishing pad of the invention may be provided with a

10 double sided tape on the surface of the pad adhered to a platen.
As the double sided tape, a tape of a common construction can be
used in which adhesive layers are, as described above, provided on
both surfaces of a substrate. As the substrate, for example, a
nonwoven fabric or a film is used. Preferably used is a film as a

15 substrate since separation from the platen is necessary after the
use of a polishing pad. As a composition of an adhesive layer, for
example, a rubber-based adhesive or an acrylic-based adhesive is
exemplified. Preferable is an acrylic-based adhesive because of
less of metal ions in content to which consideration is given.

20 A semiconductor device is fabricated after operation in a
step of polishing a surface of a semiconductor wafer with a
polishing pad. The term, a semiconductor wafer, generally means
a silicon wafer on which a wiring metal and an oxide layer are
stacked. No specific limitation is imposed on a polishing method

25 of a semiconductor wafer or a polishing apparatus, and polishing is
performed with a polishing apparatus equipped, as shown in Fig. 1,
with a polishing platen 2 supporting a polishing pad (a polishing
layer) 1, a polishing head S holding a semiconductor wafer 4, a
backing material for applying a uniform pressure against the wafer

30 and a supply mechanism of a polishing agent 3. The polishing pad

40



38 F-PO7108TR(SG) A polishing pad of the invention may also be a laminate of a polishing layer and a
cushion sheet adhered to each other. The cushion sheet (cushion layer) compensates for characteristics
of the polishing layer. The cushion layer is 5 required for satisfying both pram&{ ity AhREafFIrmity which are
in a tradeoff relationship in CMP. Planarity refers to flatness of a pattern region upon polishing an object
of polishing having fine unevenness generated upon pattern formation, and uniformity refers to the
uniformity of the whole of an object of polishing. 10 Planarity is improved by the characteristics of the
polishing layer, 1vilsis oniciedi tgnstihvep poléshin ghplabenaltbystdhefihg thehperd koy/¢helhe cushion
layer used in the %gg%hin&gadggﬁtﬁeog g tthvgnti?Elisr#rgeﬁqlbll S =ﬁ%r tt&ag tlaet %Iishing layer. The
material forminé’{ e cughlon?ayer IS not par icu%r[y f i?eds, an J’xamrﬂes of such material include a
nonwoven fabripodistiing head Sstaentisposved Ebtbad tyopolkishimg pddbliaodathecrylic nonwoven

fabric, a nonwo fabric.impregna ith resi ch | [ NONWOV. bgic impregnated with
polyurethane, p%%{/}rﬁg?)%ds?n gégrr‘?' gtae% \%;s %8éﬁqr-(te%?aﬁgaﬁjegr%’%%%%%ngc%y&%ﬁépﬁi fgéé(r:n{nrubber resin
such as butadieachibtbenamdsppezided iwidh aespswtivsenstany rehafts/16anddf.adhering the

polishing layer ' c lnclude. , ' IC ble sided tape is
sandwiched be%gé%ﬁﬁgqrﬁﬂglﬁ%%;f%ei&g# ﬁ%" é@t%% %}%?%%%é?ﬁ)ww%da glf%ﬁééﬁgﬂ'lghe double sided
tape is of a com&smmid@mm@l@mn@sﬁmmnmm sidbothDuringes of a substrate
such as a nonvayen iR IGRE A LM b rRISISPRIEAY WEFUIARE by being pressed

against the polishing pad 1 while the polishing platen 2 and the
10 polishing head 5 are rotated and a slurry is fed. No specific
limitation is placed on a flow rate of the slurry, a polishing load, a
polishing platen rotation number and a wafer rotation number,
which are properly adjusted.
Protrusions on the surface of the semiconductor wafer 4 are
15 thereby removed and polished flatly. Thereafter, a semiconductor
device is produced therefrom through dicing, bonding, packaging
etc. The semiconductor device is used in an arithmetic processor,

a memory etc.

20 Examples
Description will be given of the invention with examples,
while the invention is not limited to description in the examples.
[Measurement and Evaluation Method]
(Measurement of Number-Average Molecular Weight)

25 A number-average molecular weight was measured by GPC (a
Gel Permeation Chromatography) and a value as measured was
converted in terms of standard polystylene molecular weight, and
the apparatus and conditions in operation were as follows:

GPC apparatus was an apparatus manufactured by Shimadzu

30 Corp., with Model Number of LC-10A.
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substrate with consideration given to prevention of permeation of a 30 slurry into a cushion sheet. A
composition of an adhesive layer is, 39 F-P07108TR(SG) for example, of a rubber-based adhesive, an
acrylic-based adhesive or the like. An acrylic-based adhesive is preferable-B8¢aQ8d R€Hss of a content
of metal ions, to which consideration is given. Since a polishing layer and a cushion sheet is sometimes
different in 5 composition from each other, different compositions are adopted in respective adhesive
layers of double sided tape to thereby also enable adhesive forces of the respective adhesive layers to
be adjusted to proper ilem s dist wgeadsEdlia inveasaremanbevens wkeeswith a 10 double sided
tape on the Surfac%%ffg}%.ﬂ%d atghgo '{%grqla en. As the gouble siqle.d lt_lapﬁ-fg t%pci of a common

. apboratories (0., 1N wilic e mn
construction can be used In w |3F1 aariesive layers are, as esbrlged albove, provu?eg on stth surfaces

of a substrate. Awetlecinubstratstimmeianipidireg (Bh\geleh {atorignod 56DnAS, yBkdgeéle®erably used is a

film as a 15 substrate gi separatign from, t laten i ssary after the use of a polishing pad. As a
composition of Hﬁna%ﬁés%golag e?%ﬁ%éﬁ%ﬁg}g?ugggfﬁ@d adhesive or an acrylic-based adhesive is

exemplifiech PreferableAsflowatagiécvasddanb/sninbecause of less of metal ions in content to which

consideration is given. &Oc,gl;g%gligpﬂﬁgg% \iiC@ i {abricated after operation in a step of polishing a
surface of a semiconductor wafer with a polishing pad. The term, a semiconductor wafer, generally
means a silicon wafer Am imjehtiomriupmtity sras AH0oxdde layer are stacked. No specific limitation is

imposed on a polishipgwgﬂg&ﬁ%g%ggﬂac&g%g;o&%gr ora polishing apparatus, and polishing is
performed with a polishing apparatus equipped, as shown in Fig. 1,

An eluent was tetrahydrofuran.

10 (Measurement of Weight-Average Molecular Weight of
Silicone-based Surfactant)

A weight-average molecular weight of a silicone-based
surfactant was measured by GPC and a value as measured was
converted in terms of a standard polypropylene glycol molecular

15 weight, and the apparatus and conditions in operation were as
follows:

GPC apparatus was an apparatus manufactured by Shimadzu
Corp., with Model Number of LC-10A.

Columns that were used in measurement were PLMixE

20 (manufactured by Polymer Laboratories Co.), in which were two
columns were in connection.

A flow rate was 0.7 ml/min.

A concentration was 0.3 wt %.

An injection quantity was 40 pl.

25 A column temperature was 40°C.

An eluent was tetrahydrofuran.

(Measurement of EO/PO)

A molar ratio (EO/PO) between ethylene oxide (EO) and

propylene oxide (PO) in a silicone resin, which is a copolymer of a

3

o

polyalkylsiloxane and a polyether contained in a silicone-based
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with a polishing platen 2 supporting a polishing pad (a polishing layer) 1, a polishing head 5 holding a
semiconductor wafer 4, a backing material for applying a uniform pressure against the wafer 3 0 and a
supply mechanism of a polishing agent 3. The polishing pad 40 F-P07108TRYSEBIREIMIunted on the
polishing platen 2 by adhering the pad to the platen with a double sided tape. The polishing platen 2 and
the polishing head 5 are disposed so that the polishing pad 1 and the semiconductor wafer 4 supported
or held by them oppositely face 5 each other and provided with respective rotary shafts 6 and 7. A
pressure mechsuisfadtantcssisgnleasereit dyd NMR waRT-NMRNBPXAO08g pad 1 is installed on the

polishing head 5 side. Durin lis %#F’ﬁ iconductor wafer 4 is palished hy, being pressed against
the polishing p glfl\}vlﬁ{f)‘ectﬁ?eg%g%%%g platen ngﬁi the fﬁ%%llﬁs%#]g eegasd'lgeélr?éﬂr‘}(l)ttated and a slurry is fed.
No specific limapparatyioand ansilitom eabmasé dhswifactaapoliahidistmdsed imlishing platen rotation
number and a wafer rotation.nu r [ EoProper justed. Protrusions on the surface of the
semiconductor ﬁé%f%‘g%e fé lﬂ&%%{/gr%m@o\%d /gng(?g'cl)lﬁ{sqg(# Igt%/? g%after, a semiconductor device
is produce® theMéasnthmoeyt deirdjtbonsiwegresakelyithatiankivevomitatetl avmbescefis used in an

arithmetic D iaids 8{9&.@&%&%&%%6 3 ’E‘i@%”&ﬂﬂtﬂﬂ”ﬁg i‘(ﬁ&s?@étﬂeti{“.’;%““on with

examples, while the invention Is not escriptidn il the examples. [Measurement and Evaluation
Method] (Measdegnees aduanbulstvwai§dimecvaisisetdight) @ 3ecnuBBY P avage molecular weight

was measured legiElgt@d using the following equation.
EO/PO = [(P1 - P2 - P5)/4]/(P2/3)
10 , wherein P1, P2 and PS5 are determined by H in the following

structure formula.

'CH3 / (|3H3 \ / |CH3 \ (|3H3
CH3—|Si—O |Si—O S|i (@] S|i—CH3
CH3 \ CHs / X / CHs
a ‘ b

CH3 CHs

, wherein in the formula, X is an alkylene group, R is H or an alykyl
15 group. Note that an ethylene oxide group and a propylene oxide
group may be either of a block structure or of a random structure.
P1 is an integral of H (3.0 to 4.0 ppm) of -OCH>- group and
-OCH- group.
P2 is an integral of H (in the vicinity of 1.1 ppm) of C-CHs
20 group.
PS5 is an integral of H (in the vicinity of 0.45 ppm) of Si-CH>-
group as Si-X group.
(Measurement of Content of Polymerized Diisocyanate)

A content of polymerized diisocyanate was calculated from
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Gel Permeation Chromatography) and a value as measured was converted in terms of standard
polystylene molecular weight, and the apparatus and conditions in operation were as follows: GPC
apparatus was an apparatus manufactured by Shimadzu 30 Corp., with Foger AFIB&SEDLC-10A. 41
F-P07108TR(SG) Columns that were used in measurement were ones manufactured by Polymer
Laboratories Co., in which three columns were in connection including (PL gel, 5m and 500 A), (PL gel, 5
m and 100 A) and (PL gel, 5m and 50 A). 5 A flow rate was 1.0 ml/min. A concentration was 1.0 g/l. An
injection quantithe aayiberiasstnge eropsralarcweight@s wieaturetivigs GRGydiofuran. 10

(Measurement of Weight-Average Moleculgr Weight ilicone-based Surfactant) A wejght-average
molecular Weigl‘q:to OF & %?ﬁ(@h%%%snela os%?fasact a%‘?%vq'gis%gﬁfgga%%?gP%e%%%aa3gu% %garirgeasured was
converted in terare @ fratitabblere gl wmd tie rmpphrat wsclecl icoiditionstimog dratdpparatus and
conditions in o;c)}grzﬁj:o VeIe ? follows: GPC apparatus was an apparatus manufactured by Shimadzu
Corp., with Mo eF umsber o? &-10A. Columns that were used in measurement were PLMIxE 20
(manufactured by Poly@RBCLappaaatits Was)am appeiratoe nvenufsioture dvbpe Shimadaion. A flow rate

was 0.7 mi/min o CONGEATANPIMNAR Qi wd: f.c-10A.

Columns that were used in measurement were two columns
in connection, manufactured by Polymer Laboratories Co. (PL gel, 3
pm and mix E).
10 A flow rate was 0.7 ml/min.
A concentration was 2.0 g/1.
An injection quantity was 40 pl.
A column temperature was 40°C.
An eluent was tetrahydrofuran.
15 (Measurement of Average Cell Diameter and Standard Deviation)
A manufactured polyurethane resin foam was sliced with a
microtome cutter into measurement samples each with the
thinnest possible thickness of 1 mm or less. A surface of a sample
was photographed with a scanning electron microscope
20 (manufactured by Hitachi Science System Co. with a model number
of S-3500N) at a magnification of x 100. An effective circular
diameter of each of all cells in an arbitrary area was measured with
an image analyzing soft (manufactured by MITANI Corp. with a
trade name WIN-ROOF) and an average cell diameter and a
25 standard deviation were calculated from the measured values.
(Measurement of specific gravity)
Determined according to JIS Z8807-1976. A manufactured
polyurethane resin foam cut out in the form of a strip of 4 cmx8.5
cm (thickness: arbitrary) was used as a sample for measurement of

30 specific gravity and left for 16 hours in an environment of a
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An injection quantity was 40 |. 25 A column temperature was 40C. An eluent was tetrahydrofuran.
(Measurement of EO/PO) A molar ratio (EO/PO) between ethylene oxide (EO) and propylene oxide (PO)
in a silicone resin, which is a copolymer of a 30 polyalkylsiloxane and a poly&HEPEbRESER2d in a
silicone-based 42 F-P07108TR(SG) surfactant, was measured by NMR. FT-NMR DPX400S
(manufactured by BURKER CO.) was used as a measurement apparatus and a silicone-based surfactant
was dissolved in chloroform to prepare a 2 wt % solution as a sample. 5 Measurement conditions were
such that an actempiatatiurenof 23260 an df ariramidity kif /G065 %. 6 VEe psiee aregie was set to 30
degrees and a %}ng wait time #;/ ) %estito 1aossec.i%O/F;Q wéashcadcglatgglegsing the following equation.
EO/PO =[(PI - 35 6% ]7(%5 )gYO , W relrplg‘f, S &0 BE A determined by H in the following
structure formulamaisufaiGtiksl| b3 SatteHiud €0 ., Btd)H3 CH3 CH3 X CH3ab O-f CHz CHz OOH i
H-CHz O CH2 i K rsh e?rt'e?ﬁgH?ﬂ‘g}%@glér)] the formula, X_ is an alkylene group, Ris H or an alykyl 15
group. Note that'an ethylene oxuﬁe group and’a propylene oxide group may be either of a block structure
or of a random structurdl b emenédmonid yetedaroqnadingtcGUSI KGRSH 1997. A

manufactured polyurethane resin foam cut out in a size of 2 cmx2
cm (thickness: arbitrary) was used as a sample for measurement of
hardness and left for 16 hours in an environment of a temperature
of 23+2°C and a humidity of 50%+5%. At the time of

10 measurement, samples were stuck on one another to a thickness of
6 mm or more. A hardness meter (Asker D hardness meter,
manufactured by Kobunshi Keiki Co., Ltd.) was used to measure
hardness.

(Evaluation of polishing characteristics)

15 The prepared polishing pad was used to evaluate polishing
characteristics by using a polishing apparatus SPP600S
(manufactured by Okamoto Machine Tool Works, Ltd.). An about 1
um thermal-oxide film deposited on an 8-inch silicone wafer was
polished by about 0.5 um, and polishing rate was calculated from

20 the time of this polishing. The thickness of the oxide film was
measured by using an interference film thickness measuring
instrument (manufactured by Otsuka Electronics Co.,Ltd). During
polishing, silica slurry (SS12 manufactured by Cabot) was added at
a flow rate of 150 ml/min. Polishing loading was 350 g/cm?2, the

25 number of revolutions of the polishing platen was 35 rpm, and the
number of revolutions of the wafer was 30 rpm

For evaluation of planarizing characteristics, a 0.5 pm
thermal-oxide film was deposited on an 8-inch silicone wafer and
subjected to predetermined patterning, and then a 1 pm oxide film

30 of p-TEOS was deposited thereon, to prepare a wafer having a
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-OCH- group. P2 is an integral of H (in the vicinity of 1.1 ppm) of C-CH3 20 group. PS is an integral of H
(in the vicinity of 0.45 ppm) of Si-CH2- group as Si-X group. (Measurement of Content of Polymerized
Diisocyanate) A content of polymerized diisocyanate was calculated fromF ABEHERER(SG) the
number-average molecular weight as measured by GPC and converted in terms of a standard PPG
molecular weight and a peak area ratio thereof, and the apparatus and conditions in operation were as
follows: 5 GPC apparatus was an apparatus manufactured by Shimadzu Corp., with Model Number
LC-10A. Columpatitextnvei¢hi aedimitiehdifferemt evbncléveloofudns um. cofhésveafenanufactured by

Polymer Laboratories Co (EJ- lglell 3 %gn mix -%)éslcq' ﬁ\o 0.7 m%/rﬁw’.{'n%.a A concentration was
9

- as poli above ﬂgvc\%%t&iﬁv gus, af r
2.0 g/l. An |njec¥|’on (?uan% y was 385 column temperature was S aHelient was tetrahydrofuran.

15 (Measuremepolishingaga cdetlifieresice and Stehsisas Measvoed o mwaliattired polyurethane resin
foam was slice i’XiHl\ lzq}lg%%ng cctlét#?gtipég.measurement samples each with the thinnest possible

thickness of 1 mm or less. A surface of a sample was photographed with a scanning electron microscope
20 (manuféetured by HRetlplaviaricigy claaradevishiasntwol differencdssigdeord weaenagnification of

x 100. An effecmﬁa%iﬁf}ﬁﬁf One difference is a local difference in level, which is a
difference in level in a pattern having lines of 270 pym in width and
spaces of 30 um arranged alternately, and this difference in level
after 1 minute was measured. The other difference is an abrasion

10 loss, and in two patterns, that is, a pattern having lines of 270 um
in width and spaces of 30 um arranged alternately and a pattern
having lines of 30 uym in width and spaces of 270 um arranged
alternately, the abrasion loss of 270 um spaces was measured when
the difference in level of the top of the line in the two patterns

15 became 2000 A or less. A lower local difference in level is
indicative of a higher speed of flattening unevenness of the oxide
film generated depending on wafer pattern at a certain point in
time. A lower abrasion of spaces is indicative of higher planarity
with less abrasion of portions desired to be not shaved.

20 Evaluation of in-plane uniformity was calculated in a
procedure in which an 8 inch silicon wafer on which a thermal
oxide film was deposited to a thickness of 1 ym was polished in the
conditions described above to a reduced thickness of 0.5 ym and
the maximum polishing speed and the minimum polishing speed

25 were obtained from film thickness values at specific 25 points on
the wafer, as shown in Fig. 2, before and after polishing were
measured and the values were substituted into the following
equation. Note that a reduced value of in-plane uniformity means
a higher uniformity on a wafer surface.

30 In-plane uniformity (%) = {(the maximum polishing speed -
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diameter of each of all cells in an arbitrary area was measured with an image analyzing soft
(manufactured by MITANI Corp. with a trade name WIN-ROOF) and an average cell diameter and a 25
standard deviation were calculated from the measured values. (Measurehm&®t/ PG ravity)
Determined according to JIS Z8807-1976. A manufactured polyurethane resin foam cut out in the form of
a strip of 4 cmx8.5 cm (thickness: arbitrary) was used as a sample for measurement of 30 specific
gravity and left for 16 hours in an environment of a 44 F-PO7108TR(SG) temperature of 232C and a

humidity of 5O%Bbeémieamuenpoiishiasg opdadi(thye unmx)imume podigleing syeednteter (manufactured

by Sartorius Coﬂlﬁtadl)ﬂ. MeasuremPQLof hardgg )5 Nﬁ?surement is conducted according to JIS

K6253-1997. A ‘mhanuractured S&fure’tﬂgns Fesift foam cut out in a size of 2 cmx2 cm (thickness:
arbitrary) was udMieasarsangi¢ foff BressingnSpeed) hardness and left for 16 hours in an environment of

a temperature of 232C aan rq.atgfémigig 8&%9‘1’@%"( . é&tl}';%ﬁg}ﬁ 19% ]PO Ei%séureﬁgﬁ, Lg@mples were stuck
on one another to a thickness of 6 mm or more.& araness mete ? sker D hardnes meter,
manufactufed birkssed shithickdGon exdl ) dvesseselnenudastveedabyndsahifNimaod of polishing
characteristics) r ishin l‘wot I olishi [stics by using a
polishing apparg%t%érggg%%%%Lmqféﬁgc%ﬁgjd&%kamot(? ﬁ\g%ﬁ%téﬁ%%s\?v%?ﬁ?& I:iltéd : Ai‘rlw about1l m
thermal-oxide fitndimedieacod 2@ncanhurhilicbeingafetated. pdlistressar dbadt @I hisand polishing rate

was calculated Iﬁ% was set to 450 g/cm?2, a polishing platen rotation number was

set to 30 rpm, a dresser rotation number was set to 15 rpm and a

10 dressing time was set to 100 min. A dressing speed was calculated
from thickness values of the polishing pad as measured before and
after dressing.

[Examples of the First Invention]

Example 1

15 1229 parts by wt of toluene diisocyanate (a mixture of
toluene 2, 4-diisocyanate/toluene 2, 6-diisocyanate = 80/20), 272
parts by wt of 4,4’-dicyclohexylmethane diisocyanate, 1901 parts
by wt of polytetramethylene ether glycol with a number-average
molecular weight of 1018 and 198 parts by wt of diethylene glycol

20 were put into a vessel to cause a reaction in the mixture at 70°C
for 4 hr to obtain an isocyanate-terminated prepolymer.

100 parts by wt of the prepolymer and 3 parts by wt of a
silicone-based surfactant (manufactured by Toray Dow Corning
Silicone Co. with a trade name of SH-192) were put into a

25 polymerization vessel and mixed and the mixture was vacuum
defoamed at an adjusted temperature of 80°C. Thereafter, the
vacuum defoamed mixture was agitated with agitating blades at a
rotation number thereof of 900 rpm vigorously for about 4 min so
that cells were included into a reaction system. 21 parts by wt of

30 ETACURE 300 (a mixture of 3,5-bis(methylthio)-2,6-toluenediamine
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20 the time of this polishing. The thickness of the oxide film was measured by using an interference film
thickness measuring instrument (manufactured by Otsuka Electronics Co.,Ltd). During polishing, silica
slurry (SS12 manufactured by Cabot) was added at a flow rate of 150 mifmi® B8EHMSading was 350
g/cm2, the 25 number of revolutions of the polishing platen was 35 rpm, and the number of revolutions of
the wafer was 30 rpm For evaluation of planarizing characteristics, a 0.5 m thermal-oxide film was
deposited on an 8-inch silicone wafer and subjected to predetermined patterning, and then a 1m oxide
film 30 of p-TE@BdVAsSdbiztsitethylticio);20dptopaen edimbeinmwrmnafdCthafed/BPSTR(SG) pattern with
an initial Qiffereﬁcig inml v@oo.f ?.éd .a'Ehist\év%‘ere Jyas 1%0“§hﬁ518nd¢ﬁru tht% &F}%@;{’%ﬁ%&}ed c_onditions, and
after polishing, each diterarice i levefwas theacured 1 evalliate pFanarlzmg characteristics. 5 For
planarizing chameascadtles] inbodifer aeactiornomdikiere. méftsrétieGradiitmemistvrelocal difference in
level, which is g g%‘fgg;pcg @ gﬁxeﬂ% aPptsn having Iiréggtol A ig vg’igtp‘a% Spgces of 30 m
arranged alternately, natﬁls ifference in level afteri minute was megsure . The other difference is an
abrasion 16 lospaantyipericaptingnmsshel)is, Wheneth qaemctionsoiatdenlast\fluddityd spaces of 30 m
arranged a“””?@?%%@“ it ol e@ QS‘&'?91;'5‘%%‘)J‘?’eonnai{h@'c?ﬁlh%'&‘%ﬁaa&e;é’&% 4P gganged
alternately, the abrasiof l0sS0 m spaces was measured when the difference in level of the top of
the line in the tvaa patebtainsahpolymectdcmea vesimfoambioddsal difference in level is indicative of a
higher speed of flattenipg uneMEANERHR 24 L FeQiFfo [l SRASIAIE LePS P Upg A gRIEWPAle at 2

certain point in
sliced with a slicer (manufactured by Amitech, Inc. with a model

10 number of VGW-125) to obtain a polyurethane resin foam sheets.
Then, a sheet was surface buffed to a thickness of 1.27 mm with a
buffing machine (manufactured by Amitech, Inc.) to thereby obtain
a sheet finished to a proper thickness precision. The buffed sheet
was punched to form a circular hole with a diameter of 61 cm to

15 obtain a circular sheet, and the circular sheet was grooved with a
grooving machine (manufactured by Techno Co.) to form
concentric circular grooves with a groove width of 0.25 mm, a
groove pitch of 1.50 mm and a groove depth of 0.40 mm thereon to
thus prepare a polishing sheet. A double sided tape (manufactured

20 by Sekisui Chemical Co., Ltd. with a trade name of Double Tac
Tape) was adhered onto a surface on the other side of the polishing
sheet from the grooved surface with a laminator. A corona-treated
cushion sheet (a polyethylene foam manufactured by TORAY
INDUSTRIES, INC. with a trade name of Toray PEF and a thickness

25 of 0.8 mm) was surface buffed and adhered onto the double sided
tape with a laminator. A double sided tape was further adhered
onto the other surface of the cushion sheet with a laminator to
thereby manufacture a polishing pad.

Example 2

30 A polishing pad was manufactured in a similar way to that in
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time. A lower abrasion of spaces is indicative of higher planarity with less abrasion of portions desired to
be not shaved. 20 Evaluation of in-plane uniformity was calculated in a procedure in which an 8 inch
silicon wafer on which a thermal oxide film was deposited to a thickness bf -HAARES pEHSAed in the
conditions described above to a reduced thickness of 0.5 m and the maximum polishing speed and the
minimum polishing speed 25 were obtained from film thickness values at specific 25 points on the wafer,
as shown in Fig. 2, before and after polishing were measured and the values were substituted into the
following equaExamiple thatithethe exeeptioni thplaine Brdonple/ hdd partsghgrwhiédrmity on a wafer

surface. 30 In- ' it (%0) :# he m ishi eed - 46,F-PQ7108TR(SG) the minimum
polishing speegﬁﬁﬁeéﬁg%rr?}% éoflg %‘drsepég?;-g %fe&r?ﬁ%lfrr%‘r%qﬁg |senr|1r(13g(;i lsaﬁlelé%?}%( 0 (Measurement of
Dressing Speed,B-dieliyl < 4 teimeneiliaa pod shgyfad tuae dibjoAlle lrdicSoeedltidl) a diamond
dresser (manufagtured by Asahi Dia Cq.with a trade name of M Type #100 in the.shape of a circle
Wit  diametet BB BT Bt o1 & Hebed LESRIRNNG Rt WG et R A
polishing pRaterBDAGURELENR alvasteatperd@upenefi 103Csadjusteshinuadeimees set to 15 rpm and a
10 dressing timﬁﬂqﬁ {19 100 min. A dressing speed was calculated from thickness values of the
polishing pad as meaSured before and after dressing. [Examples of the First Invention] Example 1 15
1229 parts by wt of tol/kretishingpatd amiaamafdctured in a similar way to that in

Example 1 with the exception that in Example 1, 31 parts by wt of
N,N’-di-sec-butyl-4,4’-diaminodiphenylmethane (manufactured by

10 Dorf Ketal Chemicals Co. with a trade name of Unilink 4200).
Example 4

A polishing pad was manufactured in a similar way to that in

Example 1 with the exception that in Example 1, 25 parts by wt of
3,3’-diethyl-4,4’-diaminodiphenylmethane (manufactured by

15 NIPPON KAYAKU CO., LTD. with a trade name of Kayahard A-A) at a
temperature of 70°C adjusted in advance was used instead of
ETACURE 300 at a temperature of 70°C adjusted in advance.
Example 5

A polishing pad was manufactured in a similar way to that in

20 Example 1 with the exception that in Example 1, 22 parts by wt of
N,N’-di-sec-butyl-p-phenylenediamine (SUMITOMO CHEMICAL CO.,
LTD with a trade name of Sumirizer BPA) was used instead of
ETACURE 300 at a temperature of 70°C adjusted in advance.
Example 6

25 A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 48 parts by wt of
polytetramethylene oxide-di-p-aminobenzoate (manufactured by
Ihara Chemical Industries Co., Ltd. with a trade name of Elasmer
250P, and an average polymerization degree n of 3.2) at a

30 temperature of 70°C adjusted in advance was used instead of
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toluene 2, 4-diisocyanate/toluene 2, 6-diisocyanate = 80/20), 272 parts by wt of 4,4'-dicyclohexylmethane
diisocyanate, 1901 parts by wt of polytetramethylene ether glycol with a number-average molecular
weight of 1018 and 198 parts by wt of diethylene glycol 20 were put into & vBSdIABTE¥ =@ a reaction in
the mixture at 70C for 4 hr to obtain an isocyanate-terminated prepolymer. 100 parts by wt of the
prepolymer and 3 parts by wt of a silicone-based surfactant (manufactured by Toray Dow Corning
Silicone Co. with a trade name of SH-192) were put into a 25 polymerization vessel and mixed and the
mixture was vaBTACURP 3060t atatipetadueanpé20iE alfiediaradivamdes vacuum defoamed
mixture was agj ‘;tlelg va\‘/itgta%tzgw%glalgef at a rotation number thereof of 900 rpm vigorously for about 4
min so that cell§ Wels Included 1o A reaction system. 21 parts by wt of 30 ETACURE 300 (a mixture of
3,5-bis(methylthio)-2,6-Achelishiagined4¥ds RYyd 08I (8€] md Sitablamveslyytivith&t 4n0luenediamine
manufactured b, AIRGRAH ook Ph AL ARSI OF REaadis!9] BBiBNCE), Wasdded into the
reaction mixture. Aftel the reaction mixture™ was agltateg or about 1 rhin, it was cast into an open mold of
a 5 pan type (cdsthignethylpntbisnfaichlosonailingjuine oo dliiciystatesaf,at was placed into an oven

and post cured & 6%%%%?)%[ r]e6 o p r]]@dgp:ta‘% % g E%Ly E‘fn@%&e rgf,ig Bgcgo'ahﬁtpglyurethane resin foam

block heated at a was sliced with a slicer (manutactured by Amitech, Inc. with a model 10
number of VG\Weraperatieioh T Quadivste deiginaiduancheets. Then, a sheet was surface buffed to a

thickness of 1.27 mm vcleiigeag)gﬂf;mgr?%ﬁ]%qg%%%%gﬁgﬁrggeb&é@ﬁ%g I0%) ¢pdhereby obtain a sheet

finished to a proper thickness precisi
comparative example each were subjected to a polishing test to

10 thereby evaluate polishing characteristics. In Table 1, there are

shown results of the evaluation.
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was punched to form a circular hole with a diameter of 61 cm to 15 obtain a circular sheet,
and the circular sheet was grooved with a grooving machine (manufactured by Techno Co.)
to form concentric circular grooves with a groove width of 0.25 mm, a groove pitch of 1.50
mm and a groove depth of 0.40 mm thereon to thus prepare a polishing sheet. A double
sided tape (manufactured 20 by Sekisui Chemical Co., Ltd. with a trade name of Double Tac
Tape) was adhered onto a surface on the other side of the polishing sheet from the grooved
surface with a laminator. A corona-treated cushion sheet (a polyethylene foam manufactured
by TORAYDaldeIETRIES, INC. with a trade name of Toray PEF and a thickness 25 of 0.8

F-P07108TR(SG)

mm) was|surface buffed aRglisltiagsgheeto the double sided tape with a lamiRelishing@adle

sided tape was further adh8Rregifiato Bhbastnassyriadyemer cushigmdmebt withogahdsvelior Wear | Polishing |  Dressing
to thereby manufacture a poRSEMg padiestsfple 2 3R bolishiflFBiations nfiffsesaestdin - (A) speed speed
a similar way to that in 48 F-PO7108TR(SG) ExampfaTe\}/yﬁﬁ the exception that in Example 1, (A /min) | (um/min)
18 parts by \E&gﬁnfﬂ;/—‘iC' REGLRY (ajmixtugg of 3;5-die &?62,6-tuiueny;.-gg:unil eand 55 2700 2250 2.8
3,5-diethy-2lglieedigmingzgganyfactuggd by Alberggl §0., Ltd.) Akg temperatugsof 70C1 2800 2130 4.6
adjusted |n ahanpeeVBAS USgsigastead of §3- TACURE4H)G at a[tempegature|of 700Cxdjusteqd 2800 2150 4.7

in advande. Bxsapmeda3 A paigang pad wes manufactagesl in ajsimifagsvay to that ips Example2900 2200 4.5

1 with the eXephpihetSat N EX&Bple 1, 315@arts by wt 4.5 7.66 25 2800 2190 4.6
N,N'-di-sec-Bxanpl'-Giamin@cBShenylmefdine (manufsBRired by 10 38rf Ketal Ch@ficals | 2900 2120 4.7
Co. with a Pasepasptivef Unfr#64200). E5&mple4 55.0 8.95 30 3000 2010 4.0

example 1

51




A polishing pad was manufactured in a similar way to that in Example 1 with the exception that in
Example 1, 25 parts by wt of 3,3'-diethyl-4,4'-diaminodiphenylmethane (manufactured by 15 NIPPON
KAYAKU CO., LTD. with a trade name of Kayahard A-A) at a temperatufe-60730&dj¢Sed in advance
was used instead of ETACURE 300 at a temperature of 70C adjusted in advance. Example 5 A
polishing pad was manufactured in a similar way to that in 20 Example 1 with the exception that in
Example 1, 22 parts by wt of N,N'-di-sec-butyl-p-phenylenediamine (SUMITOMO CHEMICAL CO., LTD

with a trade name of SuNWEEFERA) from she Fssans ¢howAGh/RabieO1atateaperature of 70C
adjusted in advance. Example 6 25 A polishing pad was manufactured in a similar way to that in

Example 1 withahematappolyantindwathpie helting pobytyafo7 Q56 oetiomethidarsed
oxide-di-p-aminobenzoate (manufactured by lhara Chemical Industries Co., Ltd. with a trade name of

Elasmer 250P 25/ ShaiterXieniamtortheribycghabls & sdjshingpad WithieIBr 70C adjusted in
advance was u?ﬁ-ﬂ tinstea&ii gf 4%1%5 7108T%SDG)OEtTéAiI%JJ?E 00 3.[ attﬁ(ranlpFratu e E[f ZOC adjusted in

advance. Comparaﬁ\l;énExan?p?e pgﬁgﬁ?ng paa wasmantfactured n a smﬁ’aﬁl%/vagl d'that in Example

1 with the exceQﬂgnﬂgﬁgmg%qmgI@slngﬁ.gqg&pMMnSa REEeribis(o-chloroaniline) in a molten
0

state at a temperature of 120C was used instead of ETACURE 300 at a temperature of 70C adjusted in

advance. The peliakine eridsiobihinec iodheextiontdspat] the comparative example each were

subjected to a polishing test to

[Examples of the Second Invention]
Example 1
578 parts by wt of 4,4’-diphenylmethane diisocyanate

(hereinafter referred to as MDI for short), 378 parts by wt of
polytetramethylene ether glycol with a number-average molecular
weight of 653 (hereinafter referred to as PTMG-650 for short) and
44 parts by wt of propylene glycol (hereinafter referred to as PG for
short) were put into a vessel to cause a reaction in the mixture at
80°C for 2 hr to obtain an isocyanate-terminated prepolymer (A).
100 parts by wt of the prepolymer (A) and 3 parts by wt of a
silicone-based surfactant (manufactured by Nihonunica Corporation
with a trade name of L-5340) were put into a polymerization vessel
and mixed and the mixture was vacuum defoamed at an adjusted
temperature of 80°C . Thereafter, the vacuum defoamed mixture
was agitated with agitating blades at a rotation number thereof of
900 rpm vigorously for about 4 min so that cells were included into
a reaction system. 21 parts by wt of
1,4-bis(p-hydroxyethoxy)benzene (manufactured by Mitsui Chemical

fine Co., hereinafter referred to as BHEB for short) melted at a
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10 thereby evaluate polishing characteristics. In Table 1, there are shown results of the evaluation. 50
F-PO7108TR(SG) Table 1 Polishing sheet Polishin pad Specific D hardness Average Standard Local
level Wear Polishing Dressing gravity (degree) cell deviation difference(&)-79HEERESEd diameter (A
/min) (m/min) m Example 1 0.84 54 40.6 7.56 25 2700 2250 4.8 Example 2 0.85 53 41.3 7.76 25 2800
2130 4.6 Example 3 0.8552 42.7 7.61 25 2800 2150 4.7 Example 4 0.84 52 43.5 7.85 25 2900 2200 4.5
Example 5 0.85 53 41.5 7.66 25 2800 2190 4.6 Example 6 0.85 53 43.2 7.79 25 2900 2120 4.7

Comparative 0.8én2gra£i8e9613949¢) 201 @vh il cexwiasladdel irte S T&{S€idnlt was found from the

results shown in Table 1 that an aromatic polyamine with a melting point of 70C or lower is used as a
chain extender migtredy chftiele thpotsdtippathivituve ryasngitatédderbontdimudme obtained. It is
further found that the polishin% pad is more excellent in a planarization characteristic than a conventional

pad. [Examplesib®A8 Sasbiate ahonsmonalsrf & pantyredeisting mefghenWheane

diisocyanate (Rl nalel e ddoraa LR Rl ARSI/ ER P BY s S iced into an
oven and post cured at 100°C for 16 hr to obtain a polyurethane
resin foam block.

The polyurethane resin foam block was sliced with a slicer of

a band saw type to obtain a polyurethane resin foam sheets. Then,
a sheet was surface buffed to a thickness of 1.27 mm with a buffing
machine (manufactured by Amitech, Inc.) to thereby obtain a sheet
finished to a proper thickness precision. The buffed sheet was
punched to form a circular hole with a diameter of 61 cm to obtain
a circular sheet, and the circular sheet was grooved with a grooving
machine to form concentric circular grooves with a groove width of
0.25 mm, a groove pitch of 1.50 mm and a groove depth of 0.40
mm thereon to thus prepare a polishing sheet. A double sided
tape (manufactured by Sekisui Chemical Co., Ltd. with a trade
name of Double Tac Tape) was adhered onto a surface on the other
side of the polishing sheet from the grooved surface with a
laminator. A corona-treated cushion sheet (a polyethylene foam
manufactured by TORAY INDUSTRIES, INC. with a trade name of
Toray PEF and a thickness of 0.8 mm) was surface buffed and
adhered onto the double sided tape with a laminator. A double
sided tape was further adhered onto the other surface of the

cushion sheet with a laminator.
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polytetramethylene ether glycol with a number-average molecular weight of 653 (hereinafter referred to
as PTMG-650 for short) and 44 parts by wt of propylene glycol (hereinafter referred to as PG for short)
were put into a vessel to cause a reaction in the mixture at 80C for 2 hr t6 StREHSIR(SC)
isocyanate-terminated prepolymer (A). 100 parts by wt of the prepolymer (A) and 3 parts by wt of a
silicone-based surfactant (manufactured by Nihonunica Corporation with a trade name of L-5340) were
put into a polymerization vessel and mixed and the mixture was vacuum defoamed at an adjusted
temperature of Bampheafter, the vacuum defoamed mixture was agitated with agitating blades at a
rotation number thereof of 900 rpm vigorously for about 4 min so that cells were included into a reaction

system. 21 parts by wt Afpolishibig- padt oxgethangiifantuned imausintilaadwgyViesthahémical fine Co.,
hereinafter referred to as BHEB for short) melted at a 52 F-P07108TR(SG) temperature of 140C in

advance was af@Mms thevilictbs sksentiorithandnExasmmia dud vBartsiBYew @ fabout 1 min, it
was cast into an %rbmolq of apap ct*pe écastin mold) . When &hg re i§B 'x&ﬁe lost fluidity thereof, it
a m d £ re toISbtqugrafé)lﬁa ured by, ﬁéi& emlcak

. [0)
was placed into an oven 2nd post cured a 156 0btain 0 yurgﬁane resin foam block. The

polyurethane regiy fqa/, RiAek WassiechMi0 artaR PheaPalM eYabiie BroRiRiicwelyurethane resin

foam sheets. Then, a sheet was surface buffed to a thickness of 1.27 mm with a buffing machine

(manufactured hgddriigtiead @f BHEBCY 0 vt et ket eflitshadiope fuone Bickaose.precision. The
buffed sheet was punched to form a circular hole with a diameter of 61 cm to obtain a circular sheet, and
the circular sheBeampdeodved with a grooving

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 35 parts by wt of
an EO adduct of bisphenol A (manufactured by Nippon Nyukazai Co.,
Ltd. With a trade name of BA-2 glycol) at a temperature of 140°C
was used instead of BHEB in a molten state at a temperature of
140°C.

Example 4

673 parts by wt of MDI, 293 parts by wt of PTMG-650 and 34
parts by wt of PG were put into a vessel and a reaction was caused
in the mixture at 80°C for 2 hr to obtain an isocyanate-terminated
prepolymer (B).

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 100 parts by wt
of an isocyanate-terminated prepolymer (B) was used instead of
100 parts by wt of an isocyanate-terminated prepolymer (A) and
changed from 21 parts by wt of BHEB to 32 parts by wt of BHEB.
Example 5

569 parts by wt of MDI, 371 parts by wt of PTMG-650 and 60
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machine to form concentric circular grooves with a groove width of 0.25 mm, a groove pitch of 1.50 mm
and a groove depth of 0.40 mm thereon to thus prepare a polishing sheet. A double sided tape
(manufactured by Sekisui Chemical Co., Ltd. with a trade name of Double~P& ¥@BER ("x)adhered onto a
surface on the other side of the polishing sheet from the grooved surface with a laminator. A
corona-treated cushion sheet (a polyethylene foam manufactured by TORAY INDUSTRIES, INC. with a
trade name of Toray PEF and a thickness of 0.8 mm) was surface buffed and adhered onto the double

sided tape with galet® b6t 6f0@istRyRIRIZRROI Aseksiharasihaipst prdotth ®BiGefosurface of the
cushion sheet with a laminator. 53 F-P07108TR(SG) Example 2 A polishing pad was manufactured in a

similar way to tisiort)Exeregpat into thevessebtod thaencEiomwisicuspdrintshet of a EO 2 mol
adduct of resorcin (manufactured by INDSPEC Chemical Co., Ltd. with a trade name of HER) at a

temperature of MiFEHA2t,800ERE %1 oF bpiektain Abisecanate-tesmiRMate of 140C. Example 3
A polishing pad was rPanufa? red in a similar way to that in Example 1 with the exception that in

Example 1, 35 Bé?@%&"v‘v’t%f an EO adduct of bisphenol A (manufactured by Nippon Nyukazai Co., Ltd.
With a trade name of BA %@HBE&%@WQ@%P&J&H@dWﬁ%@&HiWW@@ gha molten state
e4d

at a temperature of 140C. Examp 673 parts by wt of MDI, 293 parts by wt of PTMG-650 and 34 parts
by wt of PG weExauhpl® h withetlod @ac@ptioanthat tcaBeample 1, 100 parts by wt

of an isocyanate-terminated prepolymer (C) was used instead of
100 parts by wt of an isocyanate-terminated prepolymer (A).
Example 6

488 parts by wt of toluene diisocyanate (a mixture of
toluene 2,4-diisocyanate/toluene 2,6-diisocyanate = 80/20,
hereinafter referred to as TDI-80 for short), 458 parts by wt of
PTMG-650 and 53 parts by wt of PG were put into a vessel and a
reaction was caused in the mixture at 80°C for 2 hr to obtain an
isocyanate-terminated prepolymer (D).

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 100 parts by wt
of an isocyanate-terminated prepolymer (D) was used instead of
100 parts by wt of an isocyanate-terminated prepolymer (A) and
changed from 21 parts by wt of BHEB to 25 parts by wt of BHEB.
Comparative Example 1

341 parts by wt of TDI-80 (87 mol % relative to a total
isocyanate component), 76 parts by wt of 4,4’-dicyclohexylmethane
diisocyanate, 528 parts by wt of polytetramethylene ether glycol

with a number-average molecular weight of 1018 and 55 parts by
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in the mixture at 80C for 2 hr to obtain an isocyanate-terminated prepolymer (B). A polishing pad was
manufactured in a similar way to that in Example 1 with the exception that in Example 1, 100 parts by wt
of an isocyanate-terminated prepolymer (B) was used instead of 100 parts B {HaST&{(SC)
isocyanate-terminated prepolymer (A) and changed from 21 parts by wt of BHEB to 32 parts by wt of
BHEB. Example 5 569 parts by wt of MDI, 371 parts by wt of PTMG-650 and 60 54 F-P07108TR(SG)
parts by wt of diethylene glycol (hereinafter referred to DEG for short) were put into a vessel and a

reaction was cawsast DEG wekdUpa Bists daresSélled ki @A itosytivaiaretmenaigetyrepolymer (C). A
polishing pad was manufactured in a similar way to that in Example 1 with the exception that in Example
1, 100 parts by att &3°hfiep &/ arate-thtaimeml ivegyimate (Srminatssl prepalyoiet(Bparts by wt of an
isocyanate-terminated liga(?é)olymer (A). Example 6 488 parts by wt of toluene diisocyanate (a mixture of

I

toluene 2,4-diisocyanatR81R8REs . Ak by the Rrenglymer dkdi Azt 8ot P¥o %t 957-30 for short),

458 parts by wt of. PTMG-650.and 53 part ﬁ) wt of PG we into a.vessel and a reaction was
caused n the G 2K RO B Py et ant A e St B e eR Ete Tn polioning pad

was manufactugggiba Sty awiay iotﬂl%érhmﬂ%it%‘f’e%@ﬂ% that in Example 1, 100 parts
by wt of an isocyanate-terminated prepolymer (D) was used instead of 100 parts by wt of an

isocyanate-ternpoiyengricaeipmaregsedahd mixed and the mixture was vacuum

defoamed at an adjusted temperature of 80°C. Thereafter, the
vacuum defoamed mixture was agitated with agitating blades at a
rotation number thereof of 900 rpm vigorously for about 4 min so
that cells were included into a reaction system. 26 parts by wt of
4,4’-methylenebis(o-chloroaniline) molten at temperature 120°C in
advance was added into the reaction mixture. After the reaction
mixture was agitated for about 1 min, it was cast into an open
mold of a pan type (casting mold). When the reaction mixture lost
fluidity thereof, it was placed into an oven and post cured at 100°C
for 16 hr to obtain a polyurethane resin foam block.

The polyurethane resin foam block was used to manufacture
a polishing pad in a similar way to that in Example 1.
Reference Example 1

A polishing pad was manufactured in a similar way to that in
Comparative Example 1 with the exception that in Comparative
Example 1, 20 parts by wt of BHEB in a molten state at a
temperature of 140°C was used instead of 26 parts by wt of
4,4’-methylenebis(o-chloroaniline) in a molten state at 120°C.

The polishing pads obtained in the examples, the
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changed from 21 parts by wt of BHEB to 25 parts by wt of BHEB. Comparative Example 1 341 parts by
wt of TDI-80 (87 mol % relative to a total isocyanate component), 76 parts by wt of
4,4'-dicyclohexylmethane diisocyanate, 528 parts by wt of polytetramethyieR8 &tH8F §K28) with a
number-average molecular weight of 1018 and 55 parts by 55 F-P0O7108TR(SG) wt of DEG were put into
a vessel to cause a reaction in the mixture at 80C for 2 hr to obtain an isocyanate-terminated prepolymer
(E). 100 parts by wt of the prepolymer (E) and 3 parts by wt of a silicone-based surfactant (manufactured
by Toray Dow (comiparsticensampléandréne pefefendel&dample pdchtwérgolymerization vessel
and mixed and the mixture was vacuum defoamed at an adjusted temperature of 80C. Thereafter, the
vacuum defoansatbjentedeta s polishiag/thstotethe tebycevaluatetatipalisimibegr thereof of 900 rpm
vigorously for about 4 min so_ that cells were included into a reaction system. 26 parts by wt of
4,4'-methyleneﬁ?&ﬁ%ﬁméﬁﬁnefﬂwa‘l?&’f%ﬁeﬁﬁé&ﬂf@%@"H%’Jgﬁéé‘mgdded into the reaction
mixture. After the reaction mixture was agitated for about 1 min, it was cast into an open mold of a pan
type (casting mold). When the reaction mixture lost fluidity thereof, it was placed into an oven and post
cured at 100C for 16 hr to obtain a polyurethane resin foam block. The polyurethane resin foam block
was used to manufacture a polishing pad in a similar way to that in Example 1. Reference Example 1 A
polishing pad was manufactured in a similar way to that in Comparative Example 1 with the exception
that in Comparative Example 1, 20 parts by wt of BHEB in a molten state at a
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temperature of 140C was used instead of 26 parts by wt of 4,4'-methylenebis(o-chloroaniline) in a molten
state at 120C. The polishing pads obtained in the examples, the 56 F-PO7108TR(SG) comparative
example and the reference example each were subjected to a polishing tEsF@/tHeedmKetAluate a
polishing characteristic. In Table 2, there are shown results thereof. 57 F-P07108TR(SG) Table 2
Average Specifi D Polishin Local Wea cell ¢ hardnes g speed level r diamete gravity s (A/min) differenc
(A) r (degree) e m (A) Example 1 50 0.87 56 2210 25 243 0 Example 2 51 0.86 54 2010 30 252 0O
Example 3 50 O&pRb2150 30 250 0 Example 4 50 0.86 57 2070 30 246 0 Example 552 0.87 56 2160

30 238 0 Ex

mple-6-52-0.86-54-2100-30 251 0_Gompgrativ:50-G.:86-532200-25:310-e €x3
v Y Average | Specifi | D Polishin |~ Loca ea
cell c hardnes | g speed level r
diamete | gravity s (A/min) | differenc | (A)
r (degree) e
(wm) (A)
Example 1 50 0.87 56 2210 25 243
o
Example 2 51 0.86 54 2010 30 252
o
Example 3 50 0.87 55 2150 30 250
o
Example 4 50 0.86 57 2070 30 246
o
Example 5 52 0.87 56 2160 30 238
o
Example 6 52 0.86 54 2100 30 251
o
Comparativ 50 0.86 53 2200 25 310
e example 0]
1
Reference 52 0.86 22 1200 55 330
example 1 0

It is found from the results shown in Table 2 that a polishing
pad of the invention is more excellent in a planarization
characteristic and better in an environmental aspect due to being
halogen free as compared with a conventional polishing pad.

[Examples of the Third Invention]
Example 1

484 parts by wt of 4,4’-dicyclohexylmethane diisocyanate
(hereinafter referred to as HMDI for short), 462 parts by wt of
polytetramethylene ether glycol with a number-average molecular
weight of 1018 (hereinafter referred to as PTMG for short) and 54

parts by wt of diethylene glycol (hereinafter referred to as DEG for

58

mple 0



1 Reference 52 0.86 22 1200 55 330 example 1 0 It is found from the results shown in Table 2 that a
polishing pad of the invention is more excellent in a planarization characteristic and better in an
environmental aspect due to being halogen free as compared with a conveRH3ARIR Iy pad.
[Examples of the Third Invention] Example 1 484 parts by wt of 4,4'-dicyclohexylmethane diisocyanate
(hereinafter referred to as HMDI for short), 462 parts by wt of polytetramethylene ether glycol with a
number-average molecular weight of 1018 (hereinafter referred to as PTMG for short) and 54 parts by wt

of diethylene glyadr)aieirapeitraitsevesse Do iseS I reA¢dion i The slivtursese put into a vessel
to cause a reaction in the mixture at 80C for 2 hr to obtain an alicyclic isocyanate-terminated prepolymer.

100 parts by wi89@efprep diyrhe rahtdid pantsligyelicfiaatjcomt&deathindtednt (manufactured by
Toray Dow Corning Silicone Co. with a trade name of SH-193 with a wei ht-averar%e molecular weight of

3000, OH at thPTsPAHERSTa sHRARATIS MY WO She pRsBPlvaRepanhd PAESREPhtion vessel and

mixed and the n}thur. .Was v cuuq1 dl(leff)%: egtalttan ad*us dt??)i?ature Bfo80 Thereafter, the

o siljcone-pase an ciure Ira nin
vacuum defoanted mixture was agitate agita mgubﬁa es a ation nUMBber Therast of 900 rpm

vigorously for aBpt 4481¢80 HiRhCe s MR ikl dSASHOID I /AP SiEAL-ddet Hg&ts by wt of

ETACURE 100 (a mixture of 3,5-diethyl-2,4-toluenediamine and 3,5-diethyl-2,6-toluenediamin,

manufactured hyélbenlakGreight. b iF0G0)@H L dthé @eEminal of a side chain and
EO/PO = 100/0) were put into a polymerization vessel and mixed
and the mixture was vacuum defoamed at an adjusted temperature
of 80°C. Thereafter, the vacuum defoamed mixture was agitated
with agitating blades at a rotation number thereof of 900 rpm
vigorously for about 4 min so that cells were included into a
reaction system. 14.4 parts by wt of ETACURE 100 (a mixture of
3,5-diethyl-2,4-toluenediamine and 3,5-diethyl-2,6-toluenediamin,
manufactured by Albemal Co., Ltd.) at a temperature of 60°C
adjusted in advance was added into the reaction mixture. After
the reaction mixture was agitated for about 1 min, it was cast into
an open mold of a pan type (a casting vessel). When the reaction
mixture lost fluidity thereof, it was placed into an oven and post
cured at 110°C for 8 hr to obtain a polyurethane resin foam block.

The polyurethane resin foam block was sliced with a slicer of

a band saw type to obtain a polyurethane resin foam sheets. Then,
a sheet was surface buffed to a thickness of 1.27 mm with a buffing
machine (manufactured by Amitech, Inc.) to thereby obtain a sheet
finished to a proper thickness precision. The buffed sheet was

punched to form a circular hole with a diameter of 61 cm to obtain
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adjusted in advance was added into the reaction mixture. After the reaction mixture was agitated for
about 1 min, it was cast into an open mold of a pan type (a casting vessel). When the reaction mixture
lost fluidity thereof, it was placed into an oven and post cured at 110C foF 874 48Q8HtBE S bolyurethane
resin foam block. The polyurethane resin foam block was sliced with a slicer of a band saw type to obtain
a polyurethane resin foam sheets. Then, a sheet was surface buffed to a thickness of 1.27 mm with a
buffing machine (manufactured by Amitech, Inc.) to thereby obtain a sheet finished to a proper thickness

precision. The hufadehacsnest, und ek eilvla Shadavaicgniibvediagial gkédvimgo obtain 59
F-P0O7108TR(SG) a circular sheet, and the circular sheet was grooved with a grooving machine to form
concentric circuaaghinectovfitirm gonoemiith cir1bér rigroaygsowithpit gred v widthaofd a groove
depth of 0.40 mm thereon to thus prepare a polishing sheet. A double sided tape (manufactured by

Sekisui ChemicRi¥d My Hh&FeLveditel At Liihum ead Agraovssdeidrf OtPa surface on the
other side of the poljshing sheet from the grooved surface with a ,lamjnator, A carpna-treated cushion
sheet (a polyet@%néi}glé%ﬁmn?gnﬁ Acdrec a§?6§3$%5§$§ﬁ3 @m\ﬁf 53 ‘r%eé% name of Toray
PEF and a thickages oh S riThied sy SeRvi Shliarlhers oo Wieslauilgaided tape wih a

e

laminator. A double sided tape was further adhered onto the other surface of the cushion sheet with a

laminator to thenaig e biiDoupbd FawegTzgit) bkaspdhe re d @istong pacfass onathiéastilier in a similar way
to that in Example 1 with the exception that in Example 1, 23 parts by wt of

4,4'-diamino-3, Jidrof thepetishingipiret frean the igrgoved surface with a
laminator. A corona-treated cushion sheet (a polyethylene foam
manufactured by TORAY INDUSTRIES, INC. with a trade name of
Toray PEF and a thickness of 0.8 mm) was surface buffed and
adhered onto the double sided tape with a laminator. A double
sided tape was further adhered onto the other surface of the
cushion sheet with a laminator to thereby obtain a polishing pad
Example 2

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 23 parts by wt of
4,4’-diamino-3,3’-diethyl-5,5’-dimethyldiphenylmethane in a
molten state at a temperature of 100°C was used instead of
ETACURE 100 at a temperature of 60°C.

Example 3

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 20.9 parts by wt
of 4,4’-diamino-3,3’-5,5’-tetraethyldiphenylmethane in a molten
state at a temperature of 100°C was used instead of ETACURE 100

at a temperature of 60°C.
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molten state at a temperature of 100C was used instead of ETACURE 100 at a temperature of 60C.
Example 3 A polishing pad was manufactured in a similar way to that in Example 1 with the exception
that in Example 1, 20.9 parts by wt of 4,4'-diamino-3,3"-5,5'"-tetraethyldiptief@fIBAREHF A molten state
at a temperature of 100C was used instead of ETACURE 100 at a temperature of 60C. 60
F-PO7108TR(SG) Example 4 A polishing pad was manufactured in a similar way to that in Example 1
with the exception that in Example 1, L-5421 (manufactured by Nihonunica Corporation with a
weight-averageEmgigpiead weight of 3150, OH at the terminal of a side chain and EO/PO = 100/0) was
used instead of SH-193, which was a silicone-based surfactant. Example 5 A polishing pad was
manufactured in a simiamedishinigapad Fasmphrnufeictuedinepsimilat imayxtonthat i8F-2937F
(manufactured by Toray Dow Corning Silicone Co. with a weight-average molecular weight of 3500, OH

at the terminal &PamERtech it thesarsptiopthatin Exameleaty 82103, which was a

silicone-based ?urfeltlct?.n% E}(gg:gle ﬁ@gglislgi%;ﬁd was manufeﬁéured In a similar way to that in

Example 1 with hé e‘>%caep jon that’in xamlf:) e lb%?tléa lyo\l/lvt“c')* fA 305 l('ggﬁixture of

3,5-bis(methythg1@ dsiak GRAFIRIYBES P56, THPR N dhinabdpWeigdiaRua misgufactured by
Albemal Co., Ltd.) at a temperature of 60C was used instead of

EO/PO = 100/0) was used instead of SH-193, which was a
silicone-based surfactant.
Example 5

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, SF-2937F
(manufactured by Toray Dow Corning Silicone Co. with a
weight-average molecular weight of 3500, OH at the terminal of a
side chain and EO/PO = 75/25) was used instead of SH-193, which
was a silicone-based surfactant.
Example 6

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 17 parts by wt of
ETACURE 300 (a mixture of 3,5-bis(methylthio)-2,4-toluenediamine
and 3,5-bis(methylthio)-2,6-toluenediamine manufactured by
Albemal Co., Ltd.) at a temperature of 60°C was used instead of
ETACURE 100 at a temperature of 60°C.
Example 7

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 25 parts by wt of

4,4’-diamino-3,3’-diisopropyl-5,5’-dimethyldiphenylmethane in a
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ETACURE 100 at a temperature of 60C. Example 7 A polishing pad was manufactured in a similar way to
that in Example 1 with the exception that in Example 1, 25 parts by wt of
4,4'-diamino-3,3"-diisopropyl-5,5'-dimethyldiphenylmethane in a 61 F-POTIOOTRESER ($oken state at a
temperature of 120C was used instead of ETACURE 100 at a temperature of 60C. Example 8 A
polishing pad was manufactured in a similar way to that in Example 1 with the exception that in Example
1, 30 parts by wt of 4,4'-diamino-3,3'-5,5'-tetraisopropyldiphenylmethane in a molten state at a

temperature of iZé¥eeiast HE€ htsteah Pl Ealttird 61 DY Cova dcnver IHEEeaHOOC. Example 9 A
polishing pad was manufactured in a similar way to that in Example 1 with the exception that in Example

1, 40 parts by WEBAQURE1O0cdctmmpaiadige ahpOtenzoate (manufactured by Ihara Chemical
Industries Co., Ltd. with a trade name of Elasmer 250P and an average polymerization degree of 3.2) in
amolten state E¥aRMBSature of 120C was used instead of ETACURE 100 at a temperature of 60C.
Example 10 A polishin%padlx/\s/ﬁnmanuéa‘():vtured in a tgglitlﬁ'r ai¥ltg tq%t1 {'pa Eégmglé-:- \{a\/{tq l‘}he exception
that in Example 1, S82 &5 tmanéf&’cﬁure&%mﬁonunlca orporaﬁlon With & %elgh -average molecular

weight of 3700, gcang1ere Wt a! the EXeuprid Al thal en 96 APIBS1 2BOESRIRO Y 1HP/6F was used

instead of SH-193, which was a silicone-based surfactant.
4,4’-diamino-3,3’-5,5’-tetraisopropyldiphenylmethane in a molten

state at a temperature of 120°C was used instead of ETACURE 100
at a temperature of 60°C.
Example 9

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 40 parts by wt of
polytetramethylene oxide-di-p-aminobenzoate (manufactured by
Ihara Chemical Industries Co., Ltd. with a trade name of Elasmer
250P and an average polymerization degree of 3.2) in a molten
state at a temperature of 120°C was used instead of ETACURE 100
at a temperature of 60°C.
Example 10

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, S824-02
(manufactured by Nihonunica Corporation with a weight-average
molecular weight of 3700, alcoxyl groups at the terminals of all the
side chains and EO/PO = 100/0) was used instead of SH-193, which
was a silicone-based surfactant.
Example 11

A polishing pad was manufactured in a similar way to that in
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Example 11 A polishing pad was manufactured in a similar way to that in 62 F-P07108TR(SG) Example
1 with the exception that in Example 1, SZ-1712 (manufactured by Nihonunica Corporation with a
weight-average molecular weight of 4310, alcoxyl groups at the terminal§ oP@i1RE T&fahains and
EO/PO = 81/19) was used instead of SH-193, which was a silicone-based surfactant. Comparative
Example 1 341 parts by wt of toluene diisocyanate (a mixture of toluene 2,4-diisocyanate/toluene
2,6-diisocyanate = 80/20), 76 parts by wt of HMDI, 528 parts by wt of PTMG and 55 parts by wt of DEG

were put into a ERasAble CAwERIR fhecéiptdptivhnihdtrtndEfa g 1 hs Dpian an
isocyanate-terminated prepolymer. 100 parts by wt of the prepolymer and 3 parts by wt of a

silicone-based $oréavifactnred iy Nibohyidiga Corpe GdioingvBhicoveetzh thatvexagede name of
SH-193) were put into a polymerization vessel and mixed and the mixture was vacuum defoamed at an

adjusted tempefalreBlaiweight ofit3 1fe %ﬁﬁﬁhﬁd@%%ﬁ(ﬁﬁ%&? pEld e agitating
blades at a rotatign n mber th rousl for abo cel re included into
AR BN TRV 1) B

a reaction system S6D5 par S by wt bls(so c?ﬁoroan line mper ure of 120C in
advance was aqp&ddrgg{@g,{gqﬁ{mrgm%tg}@f the reaction mlxture was agitated for about 1 min, it

was cast into an open mold of a pan type (casting mold). When the reaction mixture lost fluidity thereof,
it was placed inCoapeuativedEpaanplecd at 110C for 8 hr to obtain a polyurethane resin foam block. 63
341 parts by wt of toluene diisocyanate (a mixture of
toluene 2,4-diisocyanate/toluene 2,6-diisocyanate = 80/20), 76
parts by wt of HMDI, 528 parts by wt of PTMG and 55 parts by wt of
DEG were put into a vessel to cause a reaction in the mixture at
80°C for 2 hr to obtain an isocyanate-terminated prepolymer.
100 parts by wt of the prepolymer and 3 parts by wt of a
silicone-based surfactant (manufactured by Toray Dow Corning
Silicone Co. with a trade name of SH-193) were put into a
polymerization vessel and mixed and the mixture was vacuum
defoamed at an adjusted temperature of 80°C. Thereafter, the
vacuum defoamed mixture was agitated with agitating blades at a
rotation number thereof of 900 rpm vigorously for about 4 min so
that cells were included into a reaction system. 26 parts by wt of
4,4’-methylenebis(o-chloroaniline) melted at temperature of 120°C
in advance was added into the reaction mixture. After the
reaction mixture was agitated for about 1 min, it was cast into an
open mold of a pan type (casting mold). When the reaction

mixture lost fluidity thereof, it was placed into an oven and post

cured at 110°C for 8 hr to obtain a polyurethane resin foam block.
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F-PO7108TR(SG) The polyurethane resin foam block was used to manufacture a polishing pad in a
similar way to that in Example 1. Comparative Example 2 387 parts by wt of toluene diisocyanate (a
mixture of toluene 2,4-diisocyanate/toluene 2,6-diisocyanate = 80/20), 549 RAHOBYRGSSOPTMG and 64
parts by wt of DEG were put into a vessel to cause a reaction in the mixture at 80C for 2 hr to obtain an
isocyanate-terminated prepolymer. 100 parts by wt of the prepolymer and 3 parts by wt of a
silicone-based surfactant (SH-193) were put into a polymerization vessel and mixed and the mixture was

vacuum defoamed at arhadpsliparernanekdsiniedm bieckakias iruaw wadafahae mixture was
agitated with agitating blades at a rotation number thereof of 900 rpm vigorously for about 4 min so that

cells were inclwdpelisthiagepaddm sy sianilay wayts o thatohE EA@REe 100 heated at 60C in advance
was added into the reaction mixture. After the reaction mixture was agitated for about 1 min, casting
thereof was trieSHMPaFASHES BRAIPSE Ban type (casting mold), only to fail to do so because of an
excessively fast reacti%ﬁeferenge E am | Ishing pa

. . arts | ol el%epﬁ TS nd e r&a&%fagéur?d in a similar way to
that in Example 1 with the e&ceptloﬂ Hhat m%‘:’xamp?e‘lf, aq anﬁ‘ty ?)lsfathe siicon-based surfactant was
altered to 0.03 pafifele W, HQITi 0 yAHRIRe) Fol@bisd e L dRR6¢ 5 Fe@Bil? 205452807108 TR(SG) A
polishing pad was manufactured in a similar way to that in Example 1 with the exception that in Example
1, a quantity of faats by wt of PTMG and 64 parts by wt of DEG were put into a

vessel to cause a reaction in the mixture at 80°C for 2 hr to obtain

an isocyanate-terminated prepolymer.

100 parts by wt of the prepolymer and 3 parts by wt of a

silicone-based surfactant (SH-193) were put into a polymerization

vessel and mixed and the mixture was vacuum defoamed at an

adjusted temperature of 80°C. Thereafter, the vacuum defoamed

mixture was agitated with agitating blades at a rotation number

thereof of 900 rpm vigorously for about 4 min so that cells were

included into a reaction system. 17 parts by wt of ETACURE 100

heated at 60°C in advance was added into the reaction mixture.

After the reaction mixture was agitated for about 1 min, casting

thereof was tried into an open mold of a pan type (casting mold),

only to fail to do so because of an excessively fast reaction.

Reference Example 1

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, a quantity of the
silicon-based surfactant was altered to 0.03 parts by wt from the

original 3 parts by wt.

Reference Example 2
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silicon-based surfactant was altered to 30 parts by wt from the original 3 parts by wt. The polishing pads
obtained in the examples, the comparative example and the reference examples each were subjected to
a polishing test to thereby evaluate polishing characteristics. In Table 3, frét8 2Ha&HKRS desults of the
evaluation. 65 F-P07108TR(SG) Table 3 Average Standard Specific Hardness Polishing rate Local level
Wear In-plane cell deviation gravity (degrees) (A /min) difference (A) uniformity diameter (A) (%) Win)
Example le 1 52 7.67 0.88 54 2310 25 2300 8 Example 2 51 7.89 0.87 53 2200 30 2500 9 Example 3 51
7.92 0.87 52 2170 30 24 Hblishiagplediveas mbddufctdrélbih?d Sdilldr wayntolakatlin.62 0.87 54
2250 30 2350 8 Example 6 52 7.71 0.86 53 2130 30 2500 8 Example 7 51 7.59 0.87 52 2170 30 2550 9
Example 8 53 7Exampless with he2egoedptiomrbhit S5 ExBhpled 52 auameayeddbBeExample 10 54
8.58 0.86 51 2030 30 2600 12 Example 11 53 8.46 0.86 51 2070 30 2650 12 Comparative 54 8.95 0.86
53 1950 35 305tjliaonsbase surtactantens alteredate 39 pares by Mtiframathgie 1 Reference 51

7.93 0.87 40 200Q 30 09
original 3 parts by wt.

The polishing pads obtained in the examples, the
comparative example and the reference examples each were
subjected to a polishing test to thereby evaluate polishing
characteristics. In Table 3, there are shown results of the

evaluation.
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example 2 66 F-P07108TR(SG) It is found from the results of Table 3 that polishing pads of
the invention are more excellent in planarization characteristic and besides, also more
excellent in an environmental aspect as compared with conventional polishing pads. With a
specific 5 silicone-based surfactant used, a polishing rate and in-plane uniformity can be
improved. [Examples of the Fourth Invention] Example 1 1206 parts by wt of toluene
diisocyanate (a mixture of 10 toluene 2, 4-diisocyanate/toluene 2, 6-diisocyanate = 80/20,
hereinafter referred to as TDI for short), 253 parts by wt of an urethane-modified polymerized
1,6-hexamEahlede diisocyanate (including 42 wt % of a trimer, 27 wt % of a pentamer and

F-P07108TR(SG)

13 wt % pf a heptamer of ar uraStanstardhanSaceific] hyHardnesd 5 PRdjiskingmate | Local level | Wear | In-plane
Industry Co., Ltd. with a tfade §8Hhe of CEREAYLTE | HERAVIEB, pdAeasgsit of (A /min) difference | (4) | uniformity
polytetramethylene ether Iﬂ?f‘rﬁﬁfeinafter referred to as PTMG for short) with (A) (%)
number- V";"e ..icéjelcu ar '\NC@H of .018,73% ‘7188 parts Y wirof di%*ﬁyle..': ghyeol 310 25 2300 P
(hereinafter teterreq to-as DEGIor short)-wetre putinto-a essetto20_cause-areachQiyip-the
: _Example 277 U - 51 C 1 789 L 0.87° |63 L U 2200 30 2500 9
mixture aT:rE\}? |\|,\;)r Ie:IIBLU *Ula:.l ‘illl IDl:k;yI:I A ':‘CIII H .% ..Ic; ”:ylllgl .II\IL tetn ’2170 . 30 2450 9
COLONAT B ithpre Y W ratigywas 17185 g0 parts yglg of the pepolymer angydgrs by 25 | 2400 8
wt of a SIMCE%X =PASE \IU IIUIIIl.s Hllou,ﬁa 1T l:7l.lg2UIab'LUI g* Il\“”U:lIUIg‘qFl,.l ) \./LIJR pUé.ﬁls.bl WHTN 30 2350 8
a trade nz ACip, elf'rg) '\iiijc [t ~lIE‘I‘tU &t pO?'.I,“?!i‘i‘I‘Z(EE‘L:‘I“I dfgéc' ; na ?;Iggu angrtne Iy e was 30 2500 8
vacuum ey QLA QUSSP ieMperaliEa0T oyl ~ATereaner, e, 2170 30 2550 o
Example 8 53 7.75 0.87 53 2160 30 2500 8
Example 9 52 7.81 0.86 52 2100 30 2600 9
Example 10 54 8.58 0.86 51 2030 30 2600 12
Example 11 53 8.46 0.86 51 2070 30 2650 12
Comparative 54 8.95 0.86 53 1950 35 3050 14
example 1
Reference 54 8.71 0.88 53 2100 30 2740 13
example 1
Reference 51 7.93 0.87 40 2000 30 2920 9
example 2
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vacuum defoamed mixture was agitated with agitating blades at a rotation number thereof of 900 rpm
vigorously for about 4 min so 30 that cells were included into a reaction system. 26 parts by wt of 67
F-P07108TR(SG) 4,4-methylenebis(o-chloroaniline) (hereinafter referred & 8<MBHA @) short) melted
at a temperature of 120C in advance was added into the reaction mixture. After the reaction mixture was
agitated for about 1 min, it was cast into an open mold of a pan type 5 (casting mold). When the reaction
mixture lost fluidity thereof, it was placed into an oven and post cured at 100C for 16 hr to obtain a
polyurethane resin foarft i fundefpoimutbth aesulktsiofdbable & ita tipolis3(iGg\paddiodd with a slicer
(manufactured Qﬁéb\{nitec .Inc. Wieth a model n mbgr. 10.0f VGW-125 ‘t:%obta%aigolgurethane resin
abu

foam sheets. Then, & Sheet was sunace buted 1o 8 tﬁ}&}}ae%%% ?Ltﬁ M with INng machine

(manufactured bnd inésiclesnalsto nherelnxoelient Bheat dmvdnednuentabpsptttiaress precision. The
buffed sheet was ugﬁ_@ad “tlgtigr 2 "Fi;%@’r‘gp\ﬁl?°ﬂgnl%%i?g§§r q{,ﬁ}lc;ns(}%% ein 15 a circular sheet,

and the circular s%e t was grooved with a grooving mac anufacture chno Co.) to form
concentric dircusélicpmeshasedtsurfasdan tvitkhdf 0 pelishing gatevempidingflal® mm and a groove

depth of 0.40 n@?g&gg@é%gw%gr ?é%g&i)lishing sheet. A double sided tape (manufactured by

Sekisui Chemica a trade name of Double Tac Tape) was adhered onto a surface on the
other side of the [Faimminlesieitie Fahstirdoveatiorthce with a laminator. A corona-treated cushion
sheet (a polyetRylene faapn manufactured by TORAY INDUSTRIES, INC. with a trade name of Toray

PEF and a thickness 0f 0.8 mm) was surface 25 buffed and adhered onto the double sided tape with a
laminator. A 1206 parts by wt of toluene diisocyanate (a mixture of

10 toluene 2, 4-diisocyanate/toluene 2, 6-diisocyanate = 80/20,
hereinafter referred to as TDI for short), 253 parts by wt of an
urethane-modified polymerized 1,6-hexamethylene diisocyanate
(including 42 wt % of a trimer, 27 wt % of a pentamer and 13 wt %
of a heptamer of an isocyanurate type, manufactured by Nippon

15 Polyurethane Industry Co., Ltd. with a trade name of COLONATE
HX), 1954 parts by wt of polytetramethylene ether glycol
(hereinafter referred to as PTMG for short) with a number-average
molecular weight of 1018 and 188 parts by wt of diethylene glycol
(hereinafter referred to as DEG for short) were put into a vessel to

20 cause a reaction in the mixture at 70°C for 4 hr to obtain an
isocyanate-terminated prepolymer A. Note that COLONATE
HX/TDI (in wt ratio) was 17/83.

100 parts by wt of the prepolymer and 3 parts by wt of a
silicone-based nonionic surfactant (manufactured by Nihonunica

25 Corporation with a trade name of L-5340) were put into a
polymerization vessel and mixed and the mixture was vacuum
defoamed at an adjusted temperature of 80°C. Thereafter, the
vacuum defoamed mixture was agitated with agitating blades at a
rotation number thereof of 900 rpm vigorously for about 4 min so

30 that cells were included into a reaction system. 26 parts by wt of
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double sided tape was further adhered onto the other surface of the cushion sheet with a laminator.
Example 2 1063 parts by wt of TDI, 471 parts by wt of COLONATE HX, 30 1885 parts by wt of PTMG
and 181 parts by wt of DEG were put 68 F-P07108TR(SG) into a vessel toRaG30ATRERSdn in the
mixture at 70C for 4 hr to obtain an isocyanate-terminated prepolymer B. Note that COLONATE HX/TDI
(in wt ratio) was 31/69. A polishing pad was manufactured in a similar way to that in 5 Example 1 with the
exception that in Example 1, the isocyanate-terminated prepolymer B was used instead of the
isocyanate-terndyvitad e pliyrebisfoachl anvamilj mejaflityeaih Afte€ Acfary el drechsOM O QArts by wt from

the original 26 parts ﬁﬁ F_gt. 1 le, 3 882 payts by TRI, 879, parts by wt of COLONATE HX and
1678 parts by v@? of %lr%%ﬁ%gartg%nﬁeﬁ%‘{ BEG \\‘/Vvté%efzopgt iﬁ} odap’ Vesse t%sc%l%%sg&é reaction in the
mixture at 70C fotd bhéoredttiommdstyeataAftanitiacetepapoly miruidomthagitatedL ONATE

HX/TDI (in wt rgtiq) /50, lishin d was manufactured.in a similar way to that in Example 1
with the except?é’r? t%vga%?}?gxagrrllﬁg Q‘gt é %g%%;gr%té}}e?lﬁf%#aﬁ g(%e%p%?yﬁ%?(tfv \ﬁgs used instead of the
isocyanateSernfeasttiorg rapalign e Whendth enicagtionmiizoa 2é MeFwidisyakbea o, 28 parts by wt

from the origing 28 BRIEeWints THAGWRE 4APRI QAR NYPPB3EHSF HEH AL SRligh vy to thatin

a polyurethane resin foam block.
The polyurethane resin foam block at about 80°C was sliced
with a slicer (manufactured by Amitech, Inc. with a model number
10 of VGW-125) to obtain a polyurethane resin foam sheets. Then, a
sheet was surface buffed to a thickness of 1.27 mm with a buffing
machine (manufactured by Amitech, Inc.) to thereby obtain a sheet
finished to a proper thickness precision. The buffed sheet was
punched to form a circular hole with a diameter of 61 cm to obtain
15 a circular sheet, and the circular sheet was grooved with a grooving
machine (manufactured by Techno Co.) to form concentric circular
grooves with a groove width of 0.25 mm, a groove pitch of 1.50 mm
and a groove depth of 0.40 mm thereon to thus prepare a polishing
sheet. A double sided tape (manufactured by Sekisui Chemical Co.,
20 Ltd. with a trade name of Double Tac Tape) was adhered onto a
surface on the other side of the polishing sheet from the grooved
surface with a laminator. A corona-treated cushion sheet (a
polyethylene foam manufactured by TORAY INDUSTRIES, INC. with
a trade name of Toray PEF and a thickness of 0.8 mm) was surface
25 Dbuffed and adhered onto the double sided tape with a laminator. A
double sided tape was further adhered onto the other surface of the
cushion sheet with a laminator.
Example 2
1063 parts by wt of TDI, 471 parts by wt of COLONATE HX,
30 1885 parts by wt of PTMG and 181 parts by wt of DEG were put
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Example 2 with the exception that in Example 2, 21 parts by wt of 25 a mixture of
3,5-bis(methylthio)-2,4-toluenediamine and 3,5-bis(methylthio)-2,6-toluenediamine (manufactured by
Albemal Co., Ltd. with a trade name of ETACURE 300) was used instea® of OVEIBAREFDarts by wt)
melted at a temperature of 120C in advance. 30 Example 5 69 F-PO7108TR(SG) A polishing pad was
manufactured in a similar way to that in Example 2 with the exception that in Example 2, 49 parts by wt of
polytetramethylene oxide-di-p-aminobenzoate (manufactured by lhara Chemical Industries Co., Ltd. with
a trade name olfflesneesseb b6 cadsenaavedatippoiynthie andntdegrat 303C forad hsabinstead of
MOCA (27 partg bé/ wt) melted at a t%emperature of d120C i advarﬁe. \?%mgﬁz Q 1173 parts by wt of TDI,

298 parts by wt 0 Scl)filr%%r}gggﬁ)nf hexame tyen%rgﬁ)s?og)%ﬁate'(S % Of a trimer, 22 wt % of a

pentamer and ICQEONATEERATRE (nawtsoation wate 3ypf@9Imanufactured by Sumica Bayer Urethane

Co, Ltd.vith a trade naipeelipl N300} R BRLR BN LOETMG 80 137RAEADY Wt of DEG

were put into a vessel to tause a rgdction In the 15 mixture at r to dbtain an
isocyanateSernBramxplpré peiginghe exoeptianNBIOMT Bk dmplte dtictheas 20/80. A polishing pad was

manufactured i@s?éﬁﬁﬂ%t\é@%#&ﬁ@t@d %%?ﬂﬁﬁ&;ﬁﬁﬁfé%@ﬁ“ﬁ&&%%F%ﬁ@p'e 1, the

isocyanate-termi prepolymer D was'us stea Isocyanate-terminated prepolymer A.
Example 7 isocyanate-terminated prepolymer A and a mixing quantity of

MOCA was altered to 27 parts by wt from the original 26 parts by
wt.
10 Example 3
882 parts by wt of TDI, 879 parts by wt of COLONATE HX
and 1678 parts by wt of PTMG and 161 parts by wt of DEG were put
into a vessel to cause a reaction in the mixture at 70°C for 4 hr to
obtain an isocyanate-terminated prepolymer C. Note that
15 COLONATE HX/TDI (in wt ratio) was 50/50.
A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, the
isocyanate-terminated prepolymer C was used instead of the
isocyanate-terminated prepolymer A and a mixing quantity of
20 MOCA was altered to 28 parts by wt from the original 26 parts by
wt.
Example 4
A polishing pad was manufactured in a similar way to that in
Example 2 with the exception that in Example 2, 21 parts by wt of
25 a mixture of 3,5-bis(methylthio)-2,4-toluenediamine and
3,5-bis(methylthio)-2,6-toluenediamine (manufactured by Albemal
Co., Ltd. with a trade name of ETACURE 300) was used instead of
MOCA (27 parts by wt) melted at a temperature of 120°C in
advance.

30 Example 5
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1169 parts by wt of TDI, 297 parts by wt of polymerized 1,6-hexamethylene diisocyanate (55 wt % of a
trimer, 22 wt % of a pentamer and 11 wt % of a heptamer of a burette type, 25 manufactured by Sumica
Bayer Urethane Co., Ltd. with a trade name of Sumijul N-3200), 1947 paftsH8/ kPSFRAGIEE and 187 parts
by wt of DEG were put into a vessel to cause a reaction in the mixture at 70C for 4 hr to obtain an
isocyanate-terminated prepolymer E. Note that N-3200/TDI (in wt ratio) was 20/80. 30 A polishing pad
was manufactured in a similar way to that in 70 F-P07108TR(SG) Example 1 with the exception that in
Example 1, the isocyanitpeklishimg quadreps ymen @éfactnived dmatetm idathwap doy thateiterminated

prepolymer A. Example 8,5 1058 parts by wt of TDI, 582 parts by.wt pf pglymerized 1 6-hexamethylene
diisocyanate (o'?éf rﬂﬁé&ﬁo‘fﬁ%pgﬁg gﬁgﬁ& lg/%eP,h r%%ﬁﬁlfgc‘: ﬁ%ﬁ%}%iﬁg a&)ﬁiﬁ e%taﬂg Industry Co.,
Ltd. with a tradpolyted GiroEtb@éaEokidesli- prméitioh enetatesphannfactigedys by wt of PTMG

and 172 parts 0 iNto A vessel t e.areaction i Ixture at 70C for 4 hr to
obtain an isocybg%\évt}g-t%ﬁ%%%e%e{ﬁgéégﬁg §° Né%%%{?%féﬂ_@ﬁi%é%ﬁ é? in vsvﬁgfio) was 29/71. A
polishing pad was0FaanfhemraveragsipolymeizativntdegieanbR. 2)wastmseddastendhat in Example

o and o miving B I L GER Y S e R PR e S e by wt
Comparative Exslvpizce.
Example 6
1173 parts by wt of TDI, 298 parts by wt of polymerized

10 1,6-hexamethylene diisocyanate (55 wt % of a trimer, 22 wt % of a
pentamer and 11 wt % of a heptamer of an isocyanurate type,
manufactured by Sumica Bayer Urethane Co., Ltd. with a trade
name of Sumijul N-3300), 1943 parts by wt of PTMG and 187 parts
by wt of DEG were put into a vessel to cause a reaction in the

15 mixture at 70°C for 4 hr to obtain an isocyanate-terminated
prepolymer D. Note that N-3300/TDI (in wt ratio) was 20/80.

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, the
isocyanate-terminated prepolymer D was used instead of the

20 isocyanate-terminated prepolymer A.

Example 7

1169 parts by wt of TDI, 297 parts by wt of polymerized
1,6-hexamethylene diisocyanate (55 wt % of a trimer, 22 wt % of a
pentamer and 11 wt % of a heptamer of a burette type,

25 manufactured by Sumica Bayer Urethane Co., Ltd. with a trade
name of Sumijul N-3200), 1947 parts by wt of PTMG and 187 parts
by wt of DEG were put into a vessel to cause a reaction in the
mixture at 70°C for 4 hr to obtain an isocyanate-terminated
prepolymer E. Note that N-3200/TDI (in wt ratio) was 20/80.

30 A polishing pad was manufactured in a similar way to that in
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20 1229 parts by wt of TDI, 272 parts by wt of 4,4'-dicyclohexylmethane diisocyanate, 1901 parts by wt of
PTMG and 198 parts by wt of DEG were put into a vessel to cause a reaction in the mixture at 70C for 4
hr to obtain an isocyanate-terminated prepolymer G. 25 A polishing pad faRGhaRBTa¢aN in a similar
way to that in Example 1 with the exception that in Example 1, the isocyanate-terminated prepolymer G
was used instead of the isocyanate-terminated prepolymer A and a mixing quantity of MOCA was
altered to 30 parts by wt from the original 26 parts by 30 wt. 71 F-P07108TR(SG) Comparative Example
2 1350 parts byExashplel 12@36hptins &ycepdidil kh@ taind E8angplesIpythe of DEG were put into a vessel
to cause a reac{is%ncina%]ete_ iétrurei naé t7eQF f% 4oll*|r to ol w andgg&yfln&tg-tgtrg}jrgﬁ@d 5 prepolymer H. A
polishing pad was MAnUTactureq in & simmar a)y{g%a in algxamp & Lwith the exception that in Example
1, the isocyandsotgranastetermpohted pepadyuned Astead of the isocyanate-terminated prepolymer
A. 10 Referencg:Ei%‘ P‘j'_esl 631 parts by wt of TDI, 1352 parts by wt of COLONATE HX, 1476 parts by
wt of PTMG and'1 rEarts by wt of DEG were put into a vessel to cause a reaction in the mixture at 70C
for 4 hr to Bbtain an isd8e8 ety binxmtdHEPDIFESX hattscthawtl 6IQOLYDNEriZeAX/TDI (in wt ratio)

was 68/32. A p‘l'@%l‘@x%@ﬂe“ﬁ’ﬂ?l@?@‘Hﬁ%%‘é‘i‘:ﬁﬂ&?esfﬁij'i‘&‘éﬁ%é&@?&hﬂr&?@ﬂ%\%ﬁ&@ﬂ“ the exception
that in Example 1, the

type, manufactured by Nippon Polyurethane Industry Co., Ltd. with

a trade name of COLONATE HL as a 75% ethyl acetate solution),

1788 parts by wt of PTMG and 172 parts by wt of DEG were put

10 into a vessel to cause a reaction in the mixture at 70°C for 4 hr to
obtain an isocyanate-terminated prepolymer F. Note that
COLONATE HL/TDI (in wt ratio) was 29/71.

A polishing pad was manufactured in a similar way to that in
Example 2 with the exception that in Example 2, the

15 isocyanate-terminated prepolymer F was used instead of the
isocyanate-terminated prepolymer B and a mixing quantity of
MOCA was altered to 24 parts by wt from the original 27 parts by
wt.

Comparative Example 1

20 1229 parts by wt of TDI, 272 parts by wt of
4,4’-dicyclohexylmethane diisocyanate, 1901 parts by wt of PTMG
and 198 parts by wt of DEG were put into a vessel to cause a
reaction in the mixture at 70°C for 4 hr to obtain an
isocyanate-terminated prepolymer G.

25 A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, the
isocyanate-terminated prepolymer G was used instead of the
isocyanate-terminated prepolymer A and a mixing quantity of
MOCA was altered to 30 parts by wt from the original 26 parts by

30 wt.
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isocyanate-terminated prepolymer | was used instead of the isocyanate-terminated prepolymer A and a
mixing quantity of 20 MOCA was altered to 29 parts by wt from the original 26 parts by wt. The polishing
pads obtained in the examples and the comparative examples each wer& sEBf@8d R 23olishing test to
thereby evaluate polishing characteristics. In Table 4, there are 25 shown results of the evaluation. 72
F-PO7108TR(SG) Table 4 Averag Specifi D Polishi Local Wea Dressin e cell c hardne ng level r g speed
diamet gravit ss speed differen (A) (jim/mi er y (degree (A/min) ce n) m s) (A) Example 1 54.5 0.86 54
2150 25 290 5.Conipamatiee?ExatnpB6254 2200 25 290 5.2 0 Example 3 53.8 0.86 54 2180 25 295 6.4

0 ampe 4405 0 R s S NI A LG AR WS Erame

parts by wt of DEG were put into a vessel to cause a reaction in the

mixture at 70°C for 4 hr to obtain an isocyanate-terminated
5 prepolymer H.
A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, the
isocyanate-terminated prepolymer H was used instead of the
isocyanate-terminated prepolymer A.
10 Reference Example 1
631 parts by wt of TDI, 1352 parts by wt of COLONATE HX,
1476 parts by wt of PTMG and 142 parts by wt of DEG were put
into a vessel to cause a reaction in the mixture at 70°C for 4 hr to
obtain an isocyanate-terminated prepolymer I. Note that
15 COLONATE HX/TDI (in wt ratio) was 68/32.
A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, the
isocyanate-terminated prepolymer I was used instead of the
isocyanate-terminated prepolymer A and a mixing quantity of
20 MOCA was altered to 29 parts by wt from the original 26 parts by
wt.
The polishing pads obtained in the examples and the
comparative examples each were subjected to a polishing test to
thereby evaluate polishing characteristics. In Table 4, there are

25 shown results of the evaluation.
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Example 8 51.9 0.86 54 2140 25 295 5.7 0 Comparati 55.0 0.85 53 2010 30 300 4.0 ve 0 example 1
Comparati 54.8 0.85 53 2090 30 290 4.2 ve 0 example 2 Reference 59.6 0.84 55 2050 30 310 10.5
example 1 0 It is clear from the results of Table 4 that polishing pads of theRRV&RFIRASAY a polymerized
diisocyanate and an aromatic 5 diisocyanate as isocyanate components each are improved on
dressability while a planarization characterization characteristic and a polishing speed are maintained.
Since, with the polishing pad used, a dressing time can be shortened, a fabrication efficiency of
semiconductor Wakbdes€an be dramatically increased. 73 F-P07108TR(SG) CLAIMS 1. A manufacturing

method of a p¢
isocyanate-ter
produce a poly
into the first cq

agitating the fi
in which the n¢

blishing pad CosreRag) Sp&tef (1) ab MIXINBAFAS! FODGAEN] QRIAAI B REs SR I
minated prepgolgneellinio a secqniagdmgponemgcontaingvgla chain exigepeedor curing to
urethane residifoaet, Wgrardin the step (1) speedtep diffeddmg dAjlicdperpaded surfactant
mponent so as t6%e in the rangédesrees (Bdminb \wt %sn a polyurethank resin foam,
st component tﬂgﬂ’hp with-a non-rAdactive gae to uhr-\rp( / prepare a cellL dispersion |iquid
FFamRiSelgas RtcPsper&8%s| 54 150 zgo 5.0
Example 2 53.3 0.86 54 2200 25 290 5.2
(0]
Example 3 53.8 0.86 54 2180 25 295 6.4
0
Example 4 48.5 0.86 54 2260 25 285 5.3
0
Example 5 52.7 0.86 54 2160 25 290 5.4
(0]
Example 6 53.5 0.86 54 2250 25 285 6.0
(0]
Example 7 52.9 0.86 54 2230 25 285 5.8
0
Example 8 51.9 0.86 54 2140 25 295 5.7
0
Comparati 55.0 0.85 53 2010 30 300 4.0
ve (0]
example 1
Comparati 54.8 0.85 53 2090 30 290 4.2
ve 0
example 2
Reference 59.6 0.84 55 2050 30 310 10.5
example 1 0

It is clear from the results of Table 4 that polishing pads of

the invention using a polymerized diisocyanate and an aromatic

diisocyanate as isocyanate components each are improved on

dressability while a planarization characterization characteristic

and a polishing speed are maintained. Since, with the polishing

pad used, a dressing time can be shortened, a fabrication efficiency

of semiconductor wafers can be dramatically increased.
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fine cells and thereafter mixing the second component into the cell dispersion liquid for curing to thereby
produce a polyurethane 15 resin foam, and wherein a chain extender is an aromatic polyamine with a
melting point of 70C or lower. 2. The manufacturing method of a polishind pB8 2&¢3FHiket20 to claim 1,
wherein an aromatic polyamine is at least one kind selected from the group consisting of 3,
5-bis(methylthio)-2,4-toluenediamine, 3, 5-bis(methylthio)-2,6-toluenediamine,
3,5-diethyl-2,4-toluenediamine, 3,5-diethyl-2,6-toluenediamine, 25
N,N'-di-sec-butyl-4,4'-diaminodiphenylmethane, GLBAIMShyl-4,4'-diaminodiphenylmethane,
m-xylylenediamine, N,N'-di-sec-butyl-p-phenylenediamine, m-phenylenediamine, p-xylylenediamine, and
a polyalkylene oxide-di-p-aminobenzoate expressed by the following general formula (1): 74
F-P07108TR(SG) 00 11 Heh@&iufaétiridigntiathodbiPa Palishdngnpad comprgsrgram 2 to 4 and n

is an integer frogg e]ﬁ;ﬁl’zgf %ﬁxﬂ? Jnan f%cg%i g JQ?H‘SQ 1%{ | ﬁ%gm g pad according to claim 1,

wherein the isocyahate-terminate@ prepolymer contains a low- cular-weight polyol as a raw material
componen® 4. Tsrcyanatacteringmaseth @ s pojytistinin pec scswddgordpontnh 1, wherein an

e o ) e 5 AP 8 Rl eposer
resin foam,
wherein the step (1) is a step of adding a silicone-based

surfactant into the first component so as to be in the range of 0.05

10 to 10 wt % in a polyurethane resin foam, agitating the first
component together with a non-reactive gas to thereby prepare a
cell dispersion liquid in which the non-reactive gas is dispersed as
fine cells and thereafter mixing the second component into the cell
dispersion liquid for curing to thereby produce a polyurethane

15 resin foam, and

wherein a chain extender is an aromatic polyamine with a

melting point of 70°C or lower.

2. The manufacturing method of a polishing pad according
20 to claim 1, wherein an aromatic polyamine is at least one kind
selected from the group consisting of
3,5-bis(methylthio)-2,4-toluenediamine,
3,5-bis(methylthio)-2,6-toluenediamine,
3,5-diethyl-2,4-toluenediamine, 3,5-diethyl-2,6-toluenediamine,
25 N,N’-di-sec-butyl-4,4’-diaminodiphenylmethane,
3,3’-diethyl-4,4’-diaminodiphenylmethane, m-xylylenediamine,
N,N’-di-sec-butyl-p-phenylenediamine, m-phenylenediamine,
p-xylylenediamine, and a polyalkylene oxide-di-p-aminobenzoate

expressed by the following general formula (1):
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5. The manufacturing method of a polishing pad according 15 to claim 4, wherein an aromatic
diisocyanate is toluene diisocyanate and an alicyclic diisocyanate is dicyclohexylmethane diisocyanate.
6. A polishing pad manufactured by means of a method 20 according to ERRR7L08TR 6fidhing pad
having a polishing layer made from a polyurethane resin foam, wherein the polyurethane resin foam is a
reaction-cured product between an isocyanate-terminated 25 prepolymer containing an isocyanate
component and a high-molecular-weight polyol and an chain extender containing an ethylene oxide
adduct and/or a propyle |i§ ide adduct with at least one&inehof an aromatic diol selected from the group

75 F-PO7108TR(SG d _hyodg%wpg)e,_r@sor lene glycol @ﬂd bisphenol A. 8. The
polishing pad acéording aim 7, wherein the 5 isocya mponént contdins an aromatic isocyanate
at a content of 90 mol %6rmore. 9. The polishing pad aceerding to claim 8, wherein the aromatic

isocyanate is diphen thane diis 19.,Th lishi d. rding to clajm 7, wherein the
high-molecular-\/v‘g?gl;%l'ltggo yrc% 1% %&ﬁ%@%ﬁﬁ)ﬁ%}lg ett?]e% %%/%So qv%it%%alﬁﬁ%gr?gs&%g ?nolecular weight
in the range of 6mn 500 to 1500. 15 11. The polishing pad according to claim 7, wherein the

isocyanate-terminated prepolymer contains a low-molecular-weight

5 3. The manufacturing method of a polishing pad according
to claim 1, wherein the isocyanate-terminated prepolymer contains

a low-molecular-weight polyol as a raw material component.

4. The manufacturing method of a polishing pad according
10 to claim 1, wherein an isocyanate component, which is a raw
material component of the isocyanate-terminated prepolymer, is

an aromatic diisocyanate and an alicyclic diisocyanate.

5. The manufacturing method of a polishing pad according
15 to claim 4, wherein an aromatic diisocyanate is toluene
diisocyanate and an alicyclic diisocyanate is dicyclohexylmethane

diisocyanate.

6. A polishing pad manufactured by means of a method

20 according to claim 1.

7. A polishing pad having a polishing layer made from a
polyurethane resin foam, wherein the polyurethane resin foam is a
reaction-cured product between an isocyanate-terminated

25 prepolymer containing an isocyanate component and a
high-molecular-weight polyol and an chain extender containing an
ethylene oxide adduct and/or a propylene oxide adduct with at

least one kind of an aromatic diol selected from the group
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polyol as a raw material component. 20 12. The polishing pad according to claim 7, wherein a quantity of
addition of ethylene oxide and/or prolylene oxide is in the range of 2 to 4 mol per 1 mol of the aromatic
diol. 13. A manufacturing method of a polishing pad including a 25 step (1 AAIQBERE$eH component
containing an isocyanate-terminated prepolymer into a second component containing a chain extender
for curing to thereby produce a polyurethane resin foam, wherein the step (1) is a step of adding a
silicone-based 30 surfactant into the first component containing an 76 F-PO7108TR(SG)
isocyanate-ternuoatddtingp of/hpd siasriobe, inethercdng @ offlghe ne. @toalCantl% in the polyurethane
resin foam, agi tr}g_{]he f'rit. component together with a non-reactive gas to thereby prepare a cell

i
dispersion liqui TRRVINIC the non-reactive gas is dispersed as 5 fine cells and thereafter mixing the

second component containing a chain extender into the cell dispersion liquid for curing to produce a

polyurethane resin foargz aulqéhg, %jgm Sé}iﬁﬁe %J:Sc an dﬁi‘%i{‘oe&??ﬂ%e? cg,rﬁgiljli eethylene oxide
adduct Wi

adduct and/or a propylene oxid at least oneYind of an aromatic diol 10 selected from the
group consistinésothpaata compansarticoniadrsl @ ajigooh ticdibapramatdat 4 A polishing pad having

a polishing Iayeé&qg% o]" 1% ¥ Pn?biu%e QEJP&‘“ foam, wherein the polyurethane resin foam is a 15
reaction-cured product between an aliphatic and/or alicyclic isocyanate-terminated prepolymer and a

chain extender containing at least one kind of a halogen free aromatic amine selected from the group

consisting of Compoun@'s. e&H{‘éSBSﬂMiHE ﬁg.lgjm:%rding to claim 8, wherein the
aromatic isocyanate is diphenylmethane diisocyanate.
10
10. The polishing pad according to claim 7, wherein the
high-molecular-weight polyol is polytetramethylene ether glycol
with a number-average molecular weight in the range of from 500
to 1500.
15
11. The polishing pad according to claim 7, wherein the
isocyanate-terminated prepolymer contains a low-molecular-weight

polyol as a raw material component.

20 12. The polishing pad according to claim 7, wherein a
quantity of addition of ethylene oxide and/or prolylene oxide is in

the range of 2 to 4 mol per 1 mol of the aromatic diol.

13. A manufacturing method of a polishing pad including a
25 step (1) of mixing a first component containing an
isocyanate-terminated prepolymer into a second component
containing a chain extender for curing to thereby produce a
polyurethane resin foam,
wherein the step (1) is a step of adding a silicone-based

30 surfactant into the first component containing an
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general formulae (2) to (4): Ri NHZ (2) RZ Rs 20 NH2 , wherein in the general formula (2), Rl to R3, each
independently of the others, an alkyl group having 1 to 3 carbon atoms or a methylthio group, 77
F-P07108TR(SG) R4 R6 HZN\/CHZ - O - N H, (3) R5 R7 wherein in the YeALP8TRESEda (3), R4 to R7,
each independently of the others, H or an alkyl group having 1 to 4 carbon atoms, and 00 H,N /\
CI-O-((CH2)mO)n C\/ NH2 (4) 5, wherein m is an integer from 2 to 4 and n is an integer from 1 to 20.
15. The polishing pad according to claim 14, wherein halogen free aromatic amines expressed by the
general formulagarykhate 3 éethittatied Htepelyadienrsoca s fo thetlinlth 6-tralngea aslifnaine,

3.5-bis(methyOY2 i Re g, 1%, SRS IYIIOK2 & Olushsdianyae. 0, polishing
pad according to claim 14, wheréin 1 a?oggn Fee aromatic amines eﬁ)resseﬁ yeihe general formula
(3) are 4,4'-diapomopphent/bogittines, withlmmero1®8ctiethghs, to-thaethydwepayermethane,
4’4"diamino'?"%eﬁ’ii'g?}ggmﬂq%kfﬁﬁy{m%&ﬁ%‘ﬁ’the non-reactive gas is dispersed as
5 fine cells and thereafter mixing the second component containing

a chain extender into the cell dispersion liquid for curing to

produce a polyurethane resin foam, and the chain extender is an

chain extender containing an ethylene oxide adduct and/or a

propylene oxide adduct with at least one kind of an aromatic diol

10 selected from the group consisting of hydroquinone, resorcin,

p-xylylene glycol and bisphenol A.

14. A polishing pad having a polishing layer made from a

polyurethane resin foam, wherein the polyurethane resin foam is a
15 reaction-cured product between an aliphatic and/or alicyclic
isocyanate-terminated prepolymer and a chain extender containing
at least one kind of a halogen free aromatic amine selected from
the group consisting of compounds expressed by the following
general formulae (2) to (4):
Rl

NH,

@

20 NH2
, wherein in the general formula (2), R! to R3, each independently
of the others, an alkyl group having 1 to 3 carbon atoms or a

methylthio group,
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4,4'-diamino-3,3'-diisopropyl-5,5'-dimethyldiphenylmethane and 20
4,4'-diamino-3,3',5,5'-tetraisopropyldiphenylmethane. 17. The polishing pad according to claim 14,
wherein halogen free aromatic amines expressed by the general formuladF#) 04 /I RE&RIene
glycol-di-p-aminobenzoate and 78 F-P0O7108TR(SG) polytetramethylene oxide-di-p-aminobenzoate. 18.
The polishing pad according to claim 14, wherein a isocyanate component constituting the alicyclic 5
isocyanate-terminated prepolymer is 4,4'-dicyclohexylmethane diisocyanate. 19. The polishing pad
according to claim 14Rrivherein a high-moleculariveight polyol constituting the aliphatic and/or 10 alicyclic
isocyanate-terminated prepolymer is tetramethylene ether glycol with a number-average molecular
weight in the range of QO to 1500./20. The polishing pad according to claim 14, wherein the 15
aliphatic and/orraliey SHer D pner conta{@® a low-molecular-weight polyol as a
raw material compone A manufacty ./ ethod of a polishing pad including a 20 step (1) of
mixing a first component containing an isocyanate-terminated prepolymer into a second component
containing a chain extender for curing to produc&’a polyurethane resin foam, wherein the step (1) is a

step of adding a gjki - tant | fir. Ja]g| antaining 4 nate-terminated
prepolymer so éﬂ%%?ﬁﬁ&%ﬁ?g%g%mﬁg%%qéﬁ ’v%’/cf in t ’e%%%ﬁulr%t%%%%rg?}ﬁgam, agitating the

first of the others, H or an alkyl group having 1 to 4 carbon atoms, and

I I
@___O o

5 , wherein m is an integer from 2 to 4 and n is an integer from 1 to

20.

15. The polishing pad according to claim 14, wherein
halogen free aromatic amines expressed by the general formula (2)
10 are 3,5-diethyl-2,4-toluenediamine, 3,5-diethyl-2,6-toluenediamine,
3,5-bis(methylthio)-2,4-toluenediamine and
3,5-bis(methylthio)-2,6-toluenediamine.

16. The polishing pad according to claim 14, wherein
15  Thalogen free aromatic amines expressed by the general formula (3)
are 4,4’-diaminodiphenylmethane,
4,4’-diamino-3,3’-diethyl-5,5’-dimethyldiphenylmethane,
4,4’-diamino-3,3’,5,5’-tetraethyldiphenylmethane,
4,4’-diamino-3,3’-diisopropyl-5,5’-dimethyldiphenylmethane and
20 4,4-diamino-3,3°,5,5’-tetraisopropyldiphenylmethane.

17. The polishing pad according to claim 14, wherein
halogen free aromatic amines expressed by the general formula (4)

are trimethylene glycol-di-p-aminobenzoate and
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component together with a non-reactive gas to thereby prepare a cell dispersion liquid in which the
non-reactive gas is dispersed as 30 fine cells and thereafter mixing the second component containing 79
F-P07108TR(SG) a chain extender into the cell dispersion liquid for curirfg /P pk88URE G olyurethane
resin foam, and the isocyanate-terminated prepolymer is an aliphatic and/or alicyclic
isocyanate-terminated prepolymer and the chain extender is an chain extender containing 5 at least one
kind of a halogen free aromatic amine selected from the group consisting of compounds expressed by
the following g@edydkefoanitah y2eie (dXidke diHp-@nRohenkiviitevherein in the general formula (2), Rl to
R3, each independently 10 of the others, an alkyl group having 1 to 3 carbon atoms or a methylthio
group, R4 R6 HZN\/CHZ\/NHZ (3) R5 R7 wherein in the general formula (3), R4 to R7, each
independently of the oft®rs, Fherpolishihgrpad hacording tiocelbm didywherei®d 8 HZN /\

Cl-O-(CHMQUAIGAANEZ (4 o e WD LSHL B B BRAS{IGBiR0 4 and n is an integer from 1.to 20.
5 isocyanate-terminated prepolymer is 4,4’-dicyclohexylmethane

diisocyanate.

19. The polishing pad according to claim 14, wherein a
high-molecular-weight polyol constituting the aliphatic and/or
10 alicyclic isocyanate-terminated prepolymer is tetramethylene ether
glycol with a number-average molecular weight in the range of from

500 to 1500.

20. The polishing pad according to claim 14, wherein the
15 aliphatic and/or alicyclic isocyanate-terminated prepolymer
contains a low-molecular-weight polyol as a raw material

component.

21. A manufacturing method of a polishing pad including a
20 step (1) of mixing a first component containing an
isocyanate-terminated prepolymer into a second component
containing a chain extender for curing to produce a polyurethane
resin foam,
wherein the step (1) is a step of adding a silicone-based
25 surfactant into the first component containing
isocyanate-terminated prepolymer so as to be in the range of from
0.05 to 10 wt % in the polyurethane resin foam, agitating the first
component together with a non-reactive gas to thereby prepare a
cell dispersion liquid in which the non-reactive gas is dispersed as

30 fine cells and thereafter mixing the second component containing
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22. The manufacturing method of a polishing pad 80 F-P07108TR(SG) according to claim 21, wherein
the silicone-based surfactant contains a silicone resin with the range of from 1000 to 6000 in
weight-average molecular weight and a ratio of ethylene oxide/propylend oXi8éLA%H Ro¥aule thereof
(molar ratio) is in the 5 range of from 70/30 to 100/0. 23. The manufacturing method of a polishing pad
according to claim 22, wherein the silicone resin has a hydroxyl group at the terminal end of a side chain
of a siloxane skeleton. 10 24. A polishing pad having a polishing layer made from a polyurethane resin
foam having fine chlidshextenddrcintodheascellatispersiopoligutid\fucicisringwomaterial for a
polyurethane resm&‘oam |s ‘ﬁ)]“g rlzed duso anate a &j n aromatic 1? d{lson%[anz-tlte 25. The

388

ne re € 1socyana
polishing pad aBeordn erein the po‘nure%ane reSin foam Is a reaction-cured product of

an isocyanate- mqmadeprapahyrabpmmngmgdﬁnyntbdiswmmmwﬂaromatlc
diisocyanate w g}g ng dg hé gh'la'hﬁz o {hhlggrqasda dlﬂ%;&gﬁl&n omf;%ellq weight ratio
o‘i’y erize h th

in content of th lIsocyanate an e aromatic ||socyanate IS In the range Of from 1/99 to
25 65/35(fdrmeatateast Dn € kinsb ifanhalagen dovediag oocitinm 2 ine sediectasl fudymerized diiscyanate

is a polymerizegialinhalic iISRLISIRE o ¥biNp SRR GHRAREBY i CkHRligocyanate. 30 81
general formulae (2) to (4):

@

NH,

, wherein in the general formula (2), R! to R3, each independently
10 of the others, an alkyl group having 1 to 3 carbon atoms or a

methylthio group,

R* R®
HZN—@fCHZAQ—NHZ ©))
R® R’

, wherein in the general formula (3), R* to R7, each independently

of the others, H or an alkyl group having 1 to 4 carbon atoms, and

.
15

, wherein m is an integer from 2 to 4 and n is an integer from 1 to

20.

22. The manufacturing method of a polishing pad
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F-PO7108TR(SG) 28. The polishing pad according to claim 27, wherein the polymerized aliphatic
diisocyanate is a polymerized hexamethylene diisocyanate. 5 29. The polishing pad according to claim
24, wherein the polymerized diisocyanate is an urethane-modified polymerized188d&zmhte. 30. The
polishing pad according to claim 24, wherein a 10 specific gravity of the polyurethane resin foam is in the
range of from 0.5 to 1.0. 31. The polishing pad according to claim 24, wherein the polyurethane resin
foam is in the range of from 45 to 65 degrees in 15 Asker D hardness. 32. The polishing pad according to
claim 24, wherac¢oed pogy tocthaira 123 iwbaretortiaamsiticdnertmbedeshnfavbant surfactant in the range

of from 0.05 to 10 wt %. 20 33. The polishing. cgﬁccordin ta claim herel dressing speed
thereof s in thel ShiaLhy & stlicalis Sl WHERLACEAAD oF frath 1008 080 KT o device 25
including a stepnafigbitshirey agsurale il soveightiav avaftio ofieghypaliehing pad according to any of
claims 6, 7, 14 %ﬁgd%zl/'pﬁgpylene oxide in a molecule thereof (molar ratio) is in the

5 range of from 70/30 to 100/0.

23. The manufacturing method of a polishing pad
according to claim 22, wherein the silicone resin has a hydroxyl
group at the terminal end of a side chain of a siloxane skeleton.

10

24. A polishing pad having a polishing layer made from a
polyurethane resin foam having fine cells therein, wherein an
isocyanate component, which is a raw material for a polyurethane
resin foam, is a polymerized diisocyanate and an aromatic

15 diisocyanate.

25. The polishing pad according to claim 24, wherein the
polyurethane resin foam is a reaction-cured product of an
isocyanate-terminated prepolymer containing a polymerized

20 diisocyanate and an aromatic diisocyanate with a chain extender.

26. The polishing pad according to claim 24, wherein a
weight ratio in content of the polymerized diisocyanate and the
aromatic diisocyanate is in the range of from 1/99 to

25 65/35(former/latter).

27. The polishing pad according to claim 24, wherein the
polymerized diiscyanate is a polymerized aliphatic diisocyanate
and the aromatic diisocyanate is toluene diisocyanate.

30
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15

20

25

F-PO7108TR(SG)

28. The polishing pad according to claim 27, wherein the
polymerized aliphatic diisocyanate is a polymerized hexamethylene

diisocyanate.

29. The polishing pad according to claim 24, wherein the
polymerized diisocyanate is an urethane-modified polymerized

diisocyanate.

30. The polishing pad according to claim 24, wherein a
specific gravity of the polyurethane resin foam is in the range of

from 0.5 to 1.0.

31. The polishing pad according to claim 24, wherein the
polyurethane resin foam is in the range of from 45 to 65 degrees in

Asker D hardness.

32. The polishing pad according to claim 24, wherein the
polyurethane resin foam contains a silicone-based nonionic

surfactant in the range of from 0.05 to 10 wt %.

33. The polishing pad according to claim 24, wherein a

dressing speed thereof is in the range of from 4.5 to 10 ym/min.
34. A fabrication method of a semiconductor device

including a step of polishing a surface of a semiconductor wafer

using a polishing pad according to any of claims 6, 7, 14 and 24.
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