SPECI FI CATI ON ABRASI VE PAD TECHNI CAL FI ELD 5[ 0001] The invention
relates to a polishing pad capable of perform ng planarization of materials
requiring a high surface planarity such as optical materials including a
lens and a reflecting mrror, a silicon wafer, a glass substrate or an 10
al um num substrates for a hard disc and a product of general netal
polishing with stability and a high polishing efficiency. A polishing pad
of the invention is preferably enployed, especially, in a planarization
step of a silicon wafer or a dewdmeIgnoaTnicly an oxi de | ayer or a netal
| ayer has been fornmed 15 prior to further stacking an oxide |ayer or a
nmetal | ayer thereon. BACKGROUND ARARE0002pnR30Typi cal materials requiring
surface flatness at high |evel include a single-crystal silicon disk called
a silicon wafer for producing sem conductor integrated circuits (IC, LSI)
The surface of the silicon wafer should be flattened highly accurately in a
process ofpRnPAUG NG G LSl etc., in order to 25 provide reliable
senlconductor connections for various coatings used in manufacturing the
Circuists. he step of polishing finish, a polishing pad is generally
stuck on re%atable supporting disk called a platen, while a workpi ece
such as a sem Q9u932§mﬂ@%e&elates %k Qn._a,p lehln headab§g 5fnnvenent
of the two, a relatiVve speed S generatedpge meengtﬁ Fapen an8 t he
O|IShI haV| abra5|ve rm

['ishi d whil
Cont | nuodTy CapId BA5C0- AL pBl I ChIG paa. o 8T ett %on% g B Scessi ng.
0003] 10 [ishi h t t f | ted
that & o G Bei G b ST T BREGHIAE FROGPANg By &R0 PRCpFane.

uniformty and a polishing rate is large. A planarity and in-plane

uni form tﬁﬁfo]feccflr?e& é?%rélorbelan&l&diqo%é’@féén Be gllﬁﬁrso@é‘@sttti%ﬁn@reﬁtnent wth
a polishing layer higher 15 in elastic nodulus. A polishing rate can be

bet t éPed PRIt gs105¢ ratiesl dicsgaghant| disefand 1 MISAWH £ gamawith cel | s
therein. [0004] For exanple, Patent Docunent 1 discloses a polishing 20

cl ot h fomaise pPalpsanagivithys aalhat ety andnavilndg po bt epingsifdh diselaydes a
polishing surface having parts with different degrees of surface hardness,
wher ei n theqldrsrsing tdaddicff elhenti ndegrtées dfs sueffaceiar énedovade f or med by
phase separation of resin that forns the surface. 25[0005] Pat ent
Docunent &smHcsiclldsges i poldlshiang zpad ous eftelo fodr aplsdAdcionatviadier whi @h

i ncludes a polynmer matrix contai ning a di spersed el astoneric polynmer and
havi ng a qiwdisse bhansidh am beiperbd e Jdin ghestd ham yleeonat argpet douted wher ei n
t he

15 prior to further stacking an oxide layer or a metal layer

thereon.

BACKGROUND ART
[0002]

20 Typical materials requiring surface flatness at high
level include a single-crystal silicon disk called a silicon
waferforproducingsemiconductorintegratedeircuits(IC,LSI).
The surface of the silicon wafer should be flattened highly
accurately in a process of producing IC, LSI etc., in order to

25 provide reliable semiconductor connections for various



el astoneric polynmer has an average length of at least 0.1 pmin at | east
one direction, nmakes up 1 to 45% by vol une of the polishing pad, and has a
glass transition tenperature | ower than roomtenperature. [0006]

10Consi deri ng the devel opnment of next-generation devices, there is a demand
for high-hardness polishing pads capable of further increasing planarity.
In order to increase planarity, non-foaned, hard polishing pads may al so be
used. In the case where such hard pads are used, however, a problem may

occur in d& e seatieghesngeakskiabetABr eikekety. torwaay and ke surface
of the material being polished. [0007 Pat ent Docunent 3 discloses a

pol i shi ng,pads i 0fg us& ildh, P IRNIiNG Gy Pddm8.s WanehraNas awReld shi ng |ayer
made of a 20 pol yurethane resin foam'so that scratching can be less |ikely

to occur, Whergin thefolyuiethane teshy £0aMmis, a A OdUC oy GHIdNg
g&ten%eﬁemnt %?ﬁ

reaction of a chain an I socyanate-term nated prepol yner

Con 4 1 o Spouant s CamDreB, 1L A e PoLp

conponent™ as raw mat eri conponen " welght

ool SRS RO 0% Db 9o 13 5oL BeLxcpl el Bplal PR
Pat ent D%ﬂ% ég é%d T 2?@&59% 1%23 %%d?% %Q%_%% %g%Q%g slurry having
abrasive grains is continuously supplied to the polishing pad,
to effect polishing processing.
[0003]

10 As polishing characteristics of a polishing pad, it is
requested that a material being polished is excellent in
planarity and in-plane uniformity and a polishing rate is large.
Aplanarity and in-plane uniformity of amaterial being polished
can be improved to some extent with a polishing layer higher

15 in elastic modulus. A polishing rate can be bettered by
increasing a holding quantity of a slurry on a foam with cells
therein.

[0004]
For example, Patent Document 1 discloses a polishing

20 cloth for use in planarizing a material having a step, which
includes a polishing surface having parts with different
degrees of surface hardness, wherein the parts with different
degrees of surface hardness are formed by phase separation of

resin that forms the surface.

25 [0005]



3:  JP-A-2007-42923 10 SUMVARY OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY
THE | NVENTI ON [ 0009] An object of the invention is to provide a
pol i shing pad which has a polishing |ayer with a phase-separated structure
15 and can provide high polishing rate and hi gh planarization property and
wi th which scratching can be suppressed. Another object of the invention is
to provide a sem conductor device-manufacturing nmethod using such a
polishing pad. 20 MEANS FOR SOLVI NG THE PROBLEMS [ 0010] Asa result of
earnest studi epat@nsobveuhiRetaboMesplebtens, pd NEsh IWEBL L fEBVE for
acconpl i shed the invention based on the finding that the objects can be
achi eved by, 1he HAlishi ng Rad 125148661 i-DeM 19812 Q01 L ntainingThUS, the
invention is directed to a polishing pad having a polishing | ayer, wherein
t he poli shi (] f [ r.e i.Qn .of e
poIyuretEgﬁgg?%%%fﬁﬁjggﬁﬁgﬁﬁﬁﬁégﬁ"I g%ﬁg%%%%Wgﬁg%Shggkﬁgnégaf%ftéﬁ“

| socyanals en i aleq R EROLIR! Rl AINGY Y, 16RCt AL, Af B pe

prepol ynmer-tormng raw naterial comnmpositron 655 dontaining an i socyanate
conpopent_-and a pal yester-based pal yol: (B).an jsocyanate-term nated

ot epory s BhlIad By Wase: Ton Bf Uprape VARrLR o g es 10 vt i a
conpositi.on_(b) containing an isocyanate co nent ,and a pol yet her - based
ol ol ok ARAPR GRFeNUET b STH ATt RoRTcE 251 DLUTI HE™ GHotrSn has a
phase-separated structure. [001 %y focusing attention on_the properties
of 15 polRrestergaRad nd Gt basBat poPY I L HGTCOMPE 1BV e Wi each
other, the inventors have found that a curing reaction product having a
nmacr 0scofi¥TpHEER LG S -ed structure can be obtained by curing reaction of
a chain extender or the like with an isocyanate-term nated prepol yner (A)
and anot H&YO0EJ i socyanat e-terni nated prepol ymer (B) used as raw materials,
whi ch are synthesized separately and obtained by reaction of a

pr epbdPyner - f or Fong idawimat eh¢ dlevdmposint of (et cornal ai hon devilsesyanat e
conponent and a pol yester-based pol yol and by reaction of a

pr epol yndrhefrgr Asng demematierd ali gbofmpasineissnpOb) sR5ngope@s magplalre icfocyanat e
conponent and a pol yet her-based polyol , respectively. The inventors have
al so f ourfadirtthatr wheneas pog irghimeg itay.er Insofdsmed Uschgasde leuamgyr,eacti on
product, a polishing pad can be obtained which provides high polishing rate
and hi gh rplnaifaiainzat, | bargrepes $tyiancoadd hawha Tho SoF atsefti.ngIn the case

where such hard pads are used, however, a problem may occur in
15 which scratches (scars) are more likely to occur on the surface

of the material being polished.

[0007]

Patent Document 3 discloses a polishing pad for use in

polishing Cu films, which has a polishing layer made of a
20 polyurethane resin foam so that scratching can be less likely

to occur, wherein the polyurethane resin foam is a product of

curing reaction of a chain extender with an

isocyanate-terminated prepolymer containing an isocyanate

component and a high-molecular weight polyol component as faw

25 material components, and the high-molecular weight polyol



5 can be suppressed. Mre specifically, the surface of such a polishing
| ayer can be well-dressed (by cutting) with a conditioner, so that it can
have hi gher polishing property and therefore can provide hi gher polishing
rate. In addition, the overall hardness of such a polishing |ayer is high
so that a 10 high level of planarization property can be provided, and in
part, such a polishing |layer also has | ow hardness regi ons fornmed by the
phase separation so that scratching can be effectively suppressed. [0013]
15The phasgpsaRarated tStihectoseoprefeabloy hasei sf and gt seaoaguponent s,
in which the island conponent preferably has an average maxi num | ength of
0.5 to 100 pm When the phase-separated structure has a sea-i sl and
structure including sea and island conponents, the above advant ageous
effects aje R0 grhapgefipNTy the case where the island conponent has an
average maxi num length of less than 0.5 pm the phase-separated structure
may be CI§§¥% Cgﬁﬁﬁj 1 cro- phase-separated structure, which includes
hard and so Dhgéghen sqg?]polyurethane resin, so that the ability to dress
t he sgrf (%ﬁ of the polishing layer may be | ow and that the effect of
i ncreasing polishing rate may tend to be insufficient. In the case where it
is nore than 1Q0 pm,_ the overall rigidity.qf the polishing |ayer may be | ow
Pest Ry T 1 PraRarryAdes

so that the ef OGRS i°z. property may tend to be

i nsufficient. 0014 The isl an is preferably nade of a
curing reactiOEL?E%RHMHQQWmﬂnﬁd?ﬁgJ%ﬁ%’%&@%;ﬁﬁgﬁgbterninated prepol yner (A
as a nmai n conpaonent, and the sea conmponent is preferably nmade of a curing
reaction produc@beRl KRG e 310 YitsdeyaANdré40érni nat edpr epol yner (B) as
amai n conponent. The curing reaction product including the

i socyanate-term nated prepol yner (A) as amain conmponent tends to have | ower
rigidity than the curing reaction product including the

i socyanatBM@RN #at ddEpriéPeINIRSN (B) as a main conponent, 15 because the
ester group of the pol yester-based polyol, which is a conponent of the

pr epol ymeARQBAEM Suride o sOIEdr AYy JiHs. TNYENEfIge, in the case where the sea
conponent, which occupies a region |larger than the island conponent, is
made of tM&®ring reaction product including the isocyanate-term nated 20
prepol yner (A) as amain conponent, the overall rigidity of the polishing

| ayer may tendZznhoobgetedut athes antvhat: ibhei eftfeptroofi diene rpalsi stgi rpd @aar i zat i on
property may tend to be insufficient. [0015] The total content
of the oxycarboemryl agpoupsaongt Laueingi 29 4 hholyesiarathased mpaltyelk is
preferably from8 to 93% by wei ght based on the total weight of

hi ghi 50l eGld &yarvgiahti ROIMQIS JJN itdhe ey eReley iR Ay R anaW iFatebinal
conpositions (a) and (b). In the case where the content of the oxycarbonyl
group is des%Ahann8% Py welight schhcARYnGendh be beodidficul t e dherm a
curing 5 reaction product having a nmacroScopi ¢ phase-separated structure.
In the caggwherg the GORLENt drs MDNE tha 143%.Dy eighludiel: only it may
be difficult to forma curing reaction product having a nmacroscopic
phase- separ.ated structure,. I hydr i f t roup nay nore
Frequent P aceur=g g el PO B R s e r i e
reduced, so that the effect of increasing planarization property may tend
to be insufficient. [0016] The pol yester-based polyol is preferably at

| east . on S ct r e gr onsi sting of polyethyl ene adipate
glyc%?, 3%%§Eh§¥ﬁ%ﬁ§ﬂéﬁ?ggbﬁﬁbF%%gﬁﬁwghd pol yhexanet hyl ene adi pate gl ycol .
The polyetﬁ r-based polyol is preferably polytetranethylene ether glycol.
[ 0017] 20 % nvention is also directed to a nethod for manuf acturing a
sem conduct or devi ce, which includes the step of polishing the surface of a
seniconductorAﬁd?éﬁsﬁéﬁﬂ@fﬁﬁé“§66V%tﬁ%¥?§ﬁFh@obﬁﬁﬁfﬁsa@RVEﬁmﬁééemSPTlON OF
THE DRAW NGS

the inventors have accomplished the invention based on the

finding that the objects can be achieved by the polishing pad

25 described below.



[0018] Fig. 1 is a schematic diagram show ng an exenpl ary polishing
apparatus used in chem cal nmechanical polishing (CWP); 5Fig. 2 is an inage
of the surface of a polishing |ayer prepared in Exanple 12, which is
measured using a scanni ng probe m croscope; and Fig. 3is an

i mge of the surface of a polishing | ayer prepared in Conparative Exanple
8, which is neasured using a 10 scanni ng probe m croscope. MOXDE FOR
CARRYI NG QUT THE | NVENTI ON [ 0019] The polishing pad of the invention

i ncl udes g@oalj shing 15 layer including a polyurethane resin. The polishing
pad of the invention may be only the polishing |ayer or a | am nated body of

the polishing l@aygr, and ;afemtRel i bayale dtslchoaspa1 ¢yBMhghdayeak) ngl 0020]
20Pol yurethane is a preferred material for form ng the polishing |ayer,

because pplyyrethang 1.5, 8% celdsnl r&h%%@aii%i_ﬁeshég@@cen@queel ¥mers with
desi red physical properties can be easily obtained by varying the raw

material  comositd : : i.shi I LS f product of
curing eactlon(%?Q%“%gﬁié%g%ﬁgggiggiﬁi%gﬂggﬁgﬁgﬁg%igﬁgggﬂgoggvion
contagn @r%te(]@a1320{1158%%98{1eééne{ﬂﬁ%;d.(g; ea%"'%%%ga%tté'—%gm%ak%“ i on of
a prepolyner-formng raw material ‘conpositfon 6a) ontaining an isocyanate
conponent andjgnﬁoly ter-b %gd % %%E %I;f(g) an % o%ggg%%%ﬁggrnkggted
prepolymﬁr%ﬁﬁzﬁ Ted F&5¢t i%6n T6F A reﬁolynﬁr-?or¥lng raw nacer i al
conposition (b) .containing an isocyanate conponent and a pol yet her-based
pol yol - AHtE S YAar FIUGRT Bhie? | i Wi B! THEEdrichy FEAEt T BIP BrGtuet has a
phase-separated structure, 10Q[0022] As the isocyanate conponent, a
conpourmiQGRﬁ&YQ§¥%Qﬁ?q§QQ(?Q%Vcﬂdl%@PePﬁaﬁéoEXﬁnﬁéeﬁgéamﬁPFES t particul ar
limtation. The isocyanate nononer includes, for exanple, aromatic

di i socyardte® WSt &9 Db ede2dtilodc Panat X ePCEYREFGéAEMEEI raw

dii socyanate, 2,2'-diphenyl nethane diisocyanate, 2,4'-diphenyl nethane

di i séByarEterialicompehehiPn bt Heeret & 1 iSut §adaos Y 2D 28-St ehand

di i socyanate, p-phenylene diisocyanate, m phenyl ene diisocyanate,

p- xyl yl erte rdilivsddyeanditeess cah ooyl /'y leewde adichsdey graeadeyl i phatreén20he

di i socyanates such as ethylene diisocyanate, 2,2,4-trinmethyl hexanethyl ene
di i socyamateeluarid off, Gurexanetdadtame diaiss ec panate sepndatyedl sakuphatiec

di i socyanates such as 1, 4-cycl ohexane diisocyanate, 4,4'-dicycl ohexyl

met hane didslagdyanat e, isophorone diisocyanate and norbornane diisocyanate.
These 25 maybe used alone or as a mxture of two or nore thereof. Anpbng
them an aromaiic fdidusaeyaratenits opr eherabl propedyiasdoifn parti cul ar,

tol uene diisocyanate is preferably used, in the process of preparing the

I socygnatrityIsHdIatRHIERAN WEIy d e r-Hdb ddgoRk6CeSEn &dmpMERsId RG thhe

i socyanat e-term nat ed

each other, the inventors have found that a curing reaction
product having a macroscopic phase-separated structure can be
obtained by curing reaction of a chain extender or the like with
an isocyanate-terminated prepolymer (A) and another

20 isocyanate-terminated prepolymer (B) used as raw materials,
which are synthesized separately and obtained by reaction of
a prepolymer-forming raw material composition (a) containing
an isocyanate component and a polyester-based polyol and by

reaction of a prepolymer-forming raw material composition (b)

25 containing an isocyanate component and a polyether-based polyol,



5 prepolymer (B), an aromatic diisocyanate is preferably used in
conbination with an alicyclic diisocyanate, and in particular, toluene

di i socyanate is preferably used in conbination with dicycl ohexyl net hane

di i socyanate. [0023] 10Besi des the above diisocyanate, a tr - or

pol yfunctional isocyanate may al so be used. [0024] Exanpl es of the
pol yest er-based pol yol include polyester polyols such as pol yethyl ene

adi pate gl ycol, polypropylene 15 adi pate glycol, polybutyl ene adipate

gl ycol , petyhexanethyl enrecadhpaheogkyaale andopobycaptobactiioae polyol; a
product of reaction between al kyl ene carbonate and a pol yester glycol such

as pol ycaps Piﬁ@i[rgg‘e_té?)@ﬂ/@s raRfcBOLY &8l ef nd U PR iR P¥]>Qlosru%rtch as
products obtain by 20 a process including allow ng a pol yhydric al cohol

to react wid cﬂ1%@1*]){1'99%@&@51@%@%%@&@@@“%1éh'Mxﬂﬂdé@%fg%%'otm@alh%am' on
m xture to react with an organic di carboxylic acid. These rmay be used

singly Or ecteg@bbf 1an, of- ;LU0 508, 5 er€g29Q¥& F;éﬁht}%%§%t ﬁgnB0|yeSter

pol yol from the group cons ene adi pate

gl yC°'51 %Dx%’ Bt v %%%[ege%fgi]at eMQl:é,!CQﬂﬁuP{‘é’ Py yh&@@i@a{o@%@%‘u&% g glycol

is prefer y use & nunber’ average no ec ar wei ght of

the polyest r base re r abl but Lot L imt 200 5to
, 000, erre¥5%qbf Gg d'l%r?'ys\/siew o# thttlﬁg e- sgparated

structure a vrscoelastrc raoperties of thane resi,n to be

obt ai ned. ?9§a$%lgﬁses Eﬁ%gjﬁpcﬁ&ﬁﬁﬁegvgﬂf S ﬁh?%ﬁqﬂﬁ GHtY P9 ess

t han 200, the phase-separated structur tendto be diffi uIt to form On
the ot hert O PR b@yh%%e”ﬁW@Fep?ﬁga%hW%éﬁ'§Ver5§ea et arNGei ght i s
nor e than 5,000 there may be a tendency to obtain a soft pol yurethane
resin so ?‘f?alta]t]hél%dé‘r%ﬁ P&t SoRNpRoPeFE JRHRY tRYVRE t1° Be FedirtédiaY 6026]
Wiile it is preferred that only the pol yester-based 15 pol yol shoul d be
addedOas B Hi gievitdl eduPapnasiight 1p8l HEPLEBLY hea priep ABAErdShr Mgy iaw
materi al conposition (a), any other known high-nol ecul ar wei ght polyol
(with a eadler W@g@mwgarlamrgmb@f halso ow20@ rda cgiso e 93 0060)  may

al so be added as long as the objects of the invention are not conprom sed.
20 |t sholdmndyke nottee tdhets aMsepaa@yt iotrheo Hihgl- solrecghanowesiaghtepol yol is
al so used at the sane tine, the pol yester-based polyol for formng a

macr oscope f gphtaises Ise parnatredt sstd.uct ur e shoul d preferably be added so that
the total content of the oxycarbonyl group constituting the pol yester-based
pol yol is[doiBm 8 to 43% 25 by wei ght based on the total anount of the

hi gh- nol ecul ar wei ght polyols in the prepolyner-formng raw materi al
conpasi ti ons (aheapdakb)seb@V27EdExanpl s O riife rpellyehher+ ased apel yol

i ncl ude pol yether 5 polyols such as pol yethyl ene glycol (PEG,

pol ypr opyd &ne Gl RIn (PPGh, wRekYt ehE anet hyh engneidalrt ¢ ol r fHEMs and
pol yhexanet hyl ene et her glycol (PHM3; and polyether polycarbonate polyols

such as M&%&%btr@dﬂ%nPMer@%@t i@n (0fs & di10lo( $hn . SUFReAS ke 3- Pr opanedi ol ,
1, 4- but anedi ol 1, 6- hexanediol polypropylene gl'ycol , and/or

| yt et - rf u
pol yte r%i%n%%r@tye%ott% Lhupbergens of 2 Lo Lyl geurg@%th BN as <y

di phenyl “car or a cyclic carbonate as propyl ene ca

These may. be , %1695%98'é’or%?éorﬂe!h*&é’”tt'h%aglo%e%d%é{‘ﬁté’&eg@é s e dbparticul ar,

polytetranethy
20 enhanced. 1In the case where the island component has an average
maximum length of less than 0.5 um, the phase-separated
structure may be close to a usual micro-phase-separated
structure, which includes hard and soft segments of
polyurethane resin, so that the ability to dress the surface

25 of the polishing layer may be low and that the effect of



15 ether glycol is preferably used. [0028] The nunber average

nol ecul ar wei ght of the pol yether-based polyol is preferably, but not
limted to, 200 to 5,000, nore preferably 500 to 2,000, in view of the 20
vi scoel astic properties of the polyurethane resin to be obtained. In the
case where the nunber average nol ecul ar weight is |less than 200, a hard and
brittle pol yurethane resin may be obtained, so that scratching may tend to
be difficult to suppress or pad life may tend to be short. On the other

hand, 25 iﬂbﬂéb%iq%,sgomghﬁn?h@awm%rt@f«f@rw%enphgﬁyf@&i@@tghtm $heor e
than 5,000, there may be a fendency to obtain a soft polyurethane resin so

that the planghi.zat i on PLENLr tYMBY06 61 tRPEvEedUEed; o §02P]o Mhike it is
preferred that only the polyether-based 5 polyol should be added as a

hi gh- nol | .an. wej I 0 e .pr y - ferning ra Is
conpositﬁ%ﬁj%%y$§%%§%§$ﬁg%8L%%W%%ﬁiSﬁ-ﬁgggcgﬁgrg%gggﬁtOgoﬁ?g?%%%f? a
nunber aver.age .nol.ecul ar i_ght of t . 200 t : 0) may al so be
added asEﬁ&hg%%?ﬁﬁ%ﬁ%%?@%%ﬁgé?”%‘e%?%§eﬁ§igﬁ gpggggécggﬁgfonised. 10[ 0030]
Low Ieca%gﬁﬂmeight conponents such as a | ow nol ecul ar wei ght polyol, a

| ow nol ec wei ght pol yam ne, and an al cohol am ne may al so be added to
the prepolyner-form raw nmat erial .conpositions (a) an b). Ln

particul ar, sugﬁelgSﬁ%W§WSPE€8P§PtWéFgﬁ e%Sﬁﬁgﬂgngééﬁr8gp%e%8Fé89y added to
t he prepolynmer-formng raw material conposition %b). Q031] Exanpl es
of the | OVEIRHIIEUPHO WS GRO POV AT ThEl dd8 “¥PRYI ﬁéeﬁhEBF?dl, 2- propyl ene
gl ycol, 1, 3-propyl ene glycol, 201, 2-butanediol, 1, 3-butanediol, _

1, 4- but arRFARILYTE 3Bt dRedi BRLN 1CEIPRXAMed TS Hop&s Porgapest, is

1, 4- cycl ohexanedi net hanol , 3-net hyl -1, 5- pent anedi ol , di ethyl ene glycol,
triet hyl enefgineedly, MR sifs @2 Fdiex Feer&iPnberLeRe tlﬂicﬁfétiﬁyllgortg\reopane, 25
glycerin, 1,2, 6-hexanetriol, pentaerythritol, tetranethylolcyclohexane,

met hyPgl ucosivdea tsortisirrging teanpi b 1 vier ci)oks asmeipsegmponent. The

2,2,6, 6-tetraki s(hydroxynet hyl ) cycl ohexanol, diethanol am ne,

N- net hyl diwetimenolesmitnen g dudtetimaioldamgnéheOne ooy amarite -¢kriinkése pol yol s
may be used alone or in any conbination. [0032] Exanpl es of the

| ow nol eqidearo weieght A pad 3y ammanien icooipwtenet hyheénedi aaivael owat yierneditam ne,

di phenyl net hanedi am ne, diethylenetriamne, etc. These may be used singly
or in 10 wcombivmd icriely trwe @ obeoduct including the

isocyanate-terminated prepolymer (B) as a main component,
15 because the ester group of the polyester-based polyol, which
is a component of the prepolymer (A), undergoes hydrolysis.
Therefore, in the case where the sea component, which occupies
a region larger than the island component, is made of the curing
reaction product including the isocyanate-terminated
20 prepolymer (A) as a main component, the overall rigidity'of the
polishing layer may tend to be reduced so that the effect of
incréasing’planarization.pfopertylnay‘tend.to be insufficient.
[0015]
The total content of the oxycarbonyl group constituting

25 the polyester-based polyol is preferably from 8 to 43% by weight



[ 0033] Exanpl es of the al cohol am ne incl ude nonoet hanol am ne,

2- (2-am noet hyl am no) et hanol , nonopropanol am ne, etc. These may be used
singly or in conbination of two or nore. 15[0034] The content of the

| ow nol ecul ar wei ght conponent in the prepolyner-formng raw nmateri al
conposition (b) is not particularly restricted and may be appropriately

det erm ned dependi ng on the properties required of the polishing pad 20
(polishing layer). Preferably, however, the content of the |ow nolecul ar

wei ght compenerh tgefton 1QdignfO%rby ;i §Bl o basedaprivd hent galyampunt of the
active hydrogen group-containing conpounds in the prepolynmer-formng raw

”ateria|t9ﬁﬁB?%th9ﬁe£bkor%?ﬁ?QéQlnmterial coh?o%@gEBhgn(a?%ﬁﬂiQ%Wponent I's

preferably added sO that the fotal content of the oxycarbonyl group

tituty h I ' [ ‘ 3% ' based
Che-t ot al e Ghi=of "L ke i Gn. nal SEal A Wi oht palold 1A (B g Jresrased on
I - f ' teri it d. (b 0]0) : I
D Choe wtrs B gty e € By R R o A S o o8 i i Per

nethog, a_chai.n exte%%%E s used i%acu%in% of a,prepol yner. A chain
extender i'S aﬁ'é%égﬁic co#ﬁouﬁ& ﬁaV|ﬁ§ 681 BasE St woractive hydr ogen

groups and exanpl es of the active hydrogen oup include: a hydroxyl group,

a primar fqb‘rucécé%(?nda ) B P37 (’f&ﬁryeat?‘%i 8Pgé?88plf§llﬁr%ntd?% 41%{6k>§<)¥’

Concrete exanpl es of the chain extender includ%: Bolyanines such .as

4, 4" - met KA Sebi BP6- Cht BridaREyi Re)INECHuL g g0 torim a‘curing reaction

2, 6-di chl or o- p- phenyl enedi am ne, 4, 4" -net hyl enebi s(2, 3-di chl oroaniline),

3,5_biS(ﬁ§¥ﬁnghpéyggg4§t@pgéﬁé&p@&pngpase—separated structure, but

3, 5-bi s(nethylthio)-2, 6-tol uenedi am ne, 3, 5-di ethyltoluene-2, 4-di am ne, 20

3, 5- di et lixohifenelzsésdpaniire esttamethiiPeRay gied | i I4rrdmi thosenZoat e,

pol yt et ranet hyl ene oxi de-di - p- am nobenzoat e,

4, 4' 1@i amnsotBe I ididity offr blet Ipdldigihievsy Lavehaney be reduced, so that

4, 4" -di am no- 3, 3' -di i sopropyl-5.5' -di net hyl di phenyl net hane,

254, 4' - ditdrd a6£8¢8' 9B ifcreetiaigsppropyi dé phenyd matdiane may tend to be

1, 2- bi s(2-am nophenyl t hi 0) et hane,

4, Af - di anmirser£3,i3fieditet hyl - 5. 5f - di et hyl di phenyl net hane,

N, Nf - di - sec-butyl-4, 4' -di am nophenyl net hane,

3, 3f - di etflowl-A4, 4' - di am nodi phenyl met hane, m xyl yl enedi am ne, 5

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

p- Xyl yl enedi anirpe; pbheckeowrrpheedl pb1yeight pekyekabagdatheecast one

| ow- nol ecul ar wei ght pol yam ne. Thechai next ender sdescri bed above may be used

ei thes al@ne@kd Fhxtuke @bupeckisnds i ok 6Qr§ol%%&Q9§éhe adipatEhe m xing

rati o of the isocyanate-term natedprepolyner (A), the isocyanate-term nated

prepol yner (B, %QQy%Q%gQQ%bna%&%%@%eﬁlgﬁﬁlpea%@rb%Qy%%&%%@t®@1%%eFhe

nmol ecul ar wei ght "of "each material and’the desired physical properties of

- the polishj; 5 ~171he difi i SO rm nat ed
prepolyrrzj:&L t%igaggg éra%$§vgg%%§§géggbé%§&p§§%§8gyiaegéggégggg on 100

parts by i i.sQc e-ternm,nat edprepolymer ( B) . Further, in

or der toF%%?&%%rghﬁgpgéﬁﬁggggggEhg&&ﬁghdesired polishing properties, the

nunber oﬁobﬁqﬁyanate groups (NCO 20 Index) in the prepolyners is preferably

from0.8 'to 1.2, nore preferably from0.99 to 1.15 per the nunber of active

hydr ogen group hydr oxyl, groups.and/,or am no _groups).in the chain

extegger. | f tﬁ@gnéﬁﬁgp¥69gi§8c§éﬁ8tgl§?85ﬁ§ Fg 8u5§%&8%tﬁ8rrange,

i nsufficient curin%.could occur so that the reﬂuired 2% 3gecific %;avity or

har dness "GOUIEG HEE1HE AcHIRVE AW ¢h dee¢s . which includes the step

of polishing the surface of a semiconductor wafer using the

above polishing pad.

25 BRIEEF DESCRIPTION OF THE DRAWINGS



to decrease the polishing properties. [0038] The pol yurethane resin
(cured product) is preferably produced by nelting nmethod in view of cost,
wor ki ng environnent 5 and so on, while it maybe produced by application of
any known urethane foam ng techniques such as nelting nmethod and sol ution
techni que. [0039] According to the invention, the pol yurethane resin 10
production is perfornmed using a prepol ynmer process. Pol yurethane resin
produced by prepol ymer process has a preferably excellent physical
properties01g0040] Note that an isocyanate-term natedprepolymer (A) and (B)
15 with a nol ecul ar wei ght of the order in the range of from 300 to 5000 is
preferabl e becayse af jexgeklapautik WoLkahil khywang RRyskeabiprgperties.
[0041] In the invention, the pol yurethane resin is produced by 20 curing
reacti on of) Arholy iehaned SEL [ aticrBlen! flochaRROS Kol 180ALaI Ni ng the
i socyanate-term At & prepol yner ib, t he i socyanate-terim nated prepol yner
(B), and &%ﬁ)chain extender. [0042] 25The pol yurethane resin may be a

f oamed pro uéf or a non-foamed product. The pol yurethane resin nay be
produged by a batch,process.including nmeasurin i.ng .eac nponent
to a gessel an lgfigr%ﬁga?h%m%%%p%%en S ot é%pafgg%i?%ﬂﬁgguﬁghg ggguring
process including. continyously supplying each 5 conmponent to a _stirring

D par ot US LA AT G SR Eon e REER Y edfrng eret ara oyt 1 pk
produci ng .a nol ded product. [0043] The polishing | ayer may be

pr oduced Ty & S5°EEés €ncl udi ng addi ng the i socyanat e-t er mi nat ed
prepolyners (A .and_(B) to a 10 reaction vessel, then adding the chain

ext ender theretdd-sti tFi AG tHePF AhdtiRett PR M the MmHIUY iLRYETa
casting nold with a predeterm ned size to forma pol yurethane resin bl ock,
and sl i cifgrerebliockonsprigtavs! Feerpler 8f of i ¢y 1hitFaHedtd Ustinhé st age
of the cast nolding. Alternatively, the 15 pol yurethane resin as a raw

mat etPal seaprBagmeincde addrescopged froma T-die to form a sheet-shaped
polishing layer directly. [0044] The net hod of producing the

pol yur et hane foam nmay be a nethod of addi ng hol |l ow beads, a nechani cal
foam ng nethod 20 (including nechanical frothing), a chem cal foam ng

nmet hod, oIODEhEOR KARRWINGe &Ny TEHENINVANTGONof t hese met hods may be used, in
particular, a nmechanical foam ng nethod is preferably perfornmed using a

si licone [$urifegct ant conpri sing a copol ynmer of polyal kyl s | oxane and

pol yet her. Conpounds suitable as the 25 silicone surfactant include SH 192
and L-5340 (manukagbuiedihy pad of the invention includes a polishing

15 layerincludingeapolyufethaneresin. The polishing pad of the
invention may be only the polishing layer or a laminated body
of the polishing layer and any other layer (such as a cushion
layer).

[0020]

20 Polyurethane is a preferred material for forming the
polishing layer, because polyurethane is excellent in abrasion
resistance and polymers with desired physical properties can
be easily obtained by varying the raw material composition.
[0021]

25 The polishing layer is made of a product of curing



Dow Corning Toray Silicone Co., Ltd.), B8443 and B8465 (manufactured by
ol dschm dt Chem cal Corporation), etc. The silicone surfactant is
preferably added at a concentration of 0.05 to 10% by wei ght, nore
preferably 0.1 to 5% by weight, to 5 the pol yurethane-formng raw nmateri al

conposition. [0045] Various additives nmay be m xed; such as a
stabilizer including an antioxidant, a lubricant, a pignment, a filler, an
antistatic agent and others. 10[ 0046] Description will be given of

an exanpl& Lft i Rihed Rf1 RIRAUGENRY R Rahyuralhane cfeam ebrgokiBeosel I type
constituting a polishing pad (a polishing | ayer) below. A nethod of

manuf act WdNg, ;UG 2 (B9l ¥Hr f&@é%gnieél%@%iw@eé VPGSt 8BS 51 hBql)
Foam ng Step of Preparing Cell spersion Liquid The step includes
addi ng a,sj i ur.fact _Fl ont ai.ni i

i socyanat -f%%%?ﬁgﬁeg%pge%g%§%§¥égfﬁg6%ﬁ%mfB; sgeﬁﬁﬁﬁgghgog P%ﬁ?gﬁﬂane f oam
will contai,n 0.05.to _10%b i f ilic surf 0
stirring @HeC%F%?&Pén%né%hés§§gg§%8§ %é$§F§%$éf%acfﬁ§€l§%%%E% ?ggﬁﬁa cel

di spegsion .liquid_jn whi.ch the non-reactive gas is-disper .in . the form of
i e Bol I o e M are e R o omer o Bl s Pa VR antEranha: b9
tenperature, the prepolyner is preheated to a proper tenperature and used

i n b ol (6 LATE O T8 RNy Agent (CORAT i ERE bhaer) M g & dp

The second conponent containing a chain extender is_added into the cel
dispersi&qu%ﬁﬂ%ﬂg\ﬂﬂ(ﬂ?QQ¥%ﬂ§hﬁﬂﬂﬁT99§ePﬁeF§§yaoﬁ?&ﬁﬁt SFoRAPAY reaction
liquid. 3) Casting Step 5The formng reaction liquid is cast into a nold.

4) CuringSep: and a TR o &trgdedac tifo W Lichuitd Sh & RGIbEEAEASE into the
nmol d is heated and reaction-cured. [0047] 10The non-reactive gas used for
form ng fAnREusd] I'eS @ FHefser AR Lo GUsttiBiee, and is specifically

ni trogen, oxygen, a carbon dioxide gas, a rare gas such as helium and
argoh? and0&2l xed gas thereof, and the air dried to renove water is nost
preferable in respect of cost. 15[0048] As a stirrer for dispersing
the silicone $ fhetianc\comtta nongohienst xorponent twovfornm fiadiedd s with
the non-reactive gas, known stirrers can be used w thout particul ar

[imtati af, pabhduexanphesamiee ecfed nit udet @a2@ ikodegenimergt eordi s§bkver, a
tw n-screw planetary m xer etc. The shape of a stirring blade of the
stirrer iisowtameard intoaddry ilnaliddess eifidierexamtl eg \hiopperict ype stirring

bl ade is preferably used to formfine cells. In order to obtain the desired
pol yur et hane JQamattdie Jusmers of, a-avaludncons e dyhe astel, r i, g 23 ukhade i s
preferably from500 to 2,000 rpm nore preferably from 800 to 1,500 rpm
The sti rrdingddymashould he BRpMORI Malnaneontiieldsdnderendi ng on the

desired density.

2,4’ -diphenyl methane diisocyanate, 4,4’-diphenyl methane
diisocyanate, 1,5-naphthalene diisocyanate, p-phenylene
diisocyanate, m-phenylene diisocyanate, p-xylylene
diisocyanate and m-xylylene diisocyanate, aliphatic

20 diisocyanates such as ethylene diisocyanate, 2,2,4-trimethyl
hexamethylene diisocyanate and 1, 6-hexamethylene diisocyanate,
and cycloaliphatic diisocyanates such as 1,4-cyclohexane
diisocyanate, 4,4’-dicyclohexyl methane diisocyanate,
isophbrone diisocyanate and norbornane diisocyanate. These

25 may be used alone or as a mixture of two or more thereof. Among

10



[0049] In a preferable node, different stirrers are used in 5 stirring for
formng a cell dispersion liquid in the stirring step and in stirring for

m xi ng an added chain extender in the m xing step, respectively. In
particular, stirring in the mxing step may not be stirring for formng
cells, and a stirrer not generating large cells is preferably used. Such a
stirrer 10 is preferably a planetary m xer. The sane stirrer may be used in
the stirring step and the m xing step, and stirring conditions such as

revol uti of,dat &0f, ddies sitd rorll%cglaaﬁecearl% prefrerabhy neaul atked as
necessary. [0050] 151 n the neth of producing the polyurethane foamw th

fine cel l?ahr{]]f 9, andh ROt - tirs,'dag/ facleh€ f g%@f%%@l?eqs@at erncagkti ng and

reacting ornlng reactlon |qU| ina nofd until the dlsper5|on | ost

fluidity i hysi r tAg foam
and ar e A TET '3%5 MR RS %rt%%érﬁﬂéééf&. o T ey B cast in
a nold a d ate po t-cured in t|n n under such
condltlozg '%eat H%F%K) ﬁ%%ﬁf%ﬁﬁﬁgﬁ'conducteg F§%§h58§§28§¥§§ conmponents,

i ncreased rggctlon is

and thus the e of cells are not cu

condu tee%%%c}jf@%ﬁ ﬁir AR gy 83 T SES SrBT P 26 P hd DA ot
cells. 005%&} knowq cat Iygi Pronntln po %yrethane reaction
such as tEPEREI3F LR HethaRdlday &ry§ts, iy BE used” THe PEy b écgﬁaranount of
the catal yst added are determ ned in conS|derat|Qn 5 of flom1t|netkn

casting i P Predbt iR YR tolid &rtsdre iamed Ynideiehly 18t EMPLHa53 PR Wi The

average cell dianeter of the(gplyurethane foamis preferably from20 to 70

pm nor e PrEferABHY MM BE 196+ 160 PHAAEG-0053] The pol yur et hane foam
preferably has an Asker D hardness of 35 to 65 degrees, nore preferably 40
to 65 degr@es3] [ 0054] The non-foaned pol yuret hane preferably has

an Asker D 15 hardness of 45 to 75 degrees, nore preferably 45 to 65
degr @é@s. [0055]Besides thhealpoiydieshamentoam preafierablop lvdsingtspaeilfi c
gravity of 0.4 to 1.0. [0056] 20The polishing |layer conprising the
pol yur et hissrecyaesi tre hasy & Jpivades sepat.at ed structure, in particular, which
preferably has a sea-island structure including a sea conponent and an
i sl and coppmnent with an average maxi numlength of 0.5 to 100 pm The
average maxi mum |l ength of the island conponent is nore 25 preferably from
20 to 70 pm | Eadditd08f drhepbslaptecopposeiol yol include polyester
polyols such as polyethylene adipate glycol, polypropylene
15 adipate glycol, polybutylene adipate glycol,
polyhexamethylene adipate glycol, and polycaprolactone
polyol; a product of reaction between alkylene carbonate and
a polyester glycol such as polycaprolactone polyol; and
polyester polycarbonate polyols such as products obtained by
20 a process including allowing a polyhydric alcohol to react with
ethylene carbonate and then allowing the resulting reaction
mixture to react with an organic dicarboxylic acid. These may
be used singly or in combination of two or more. Among them,

at least one polyester polyol selected from the group consisting

25 of polyethylene adipate glycol, polybutylene adipate glycol,

11



preferably has a circular surface shape. [0057] In the case of the
sea-island structure, the sea conponent is preferably made of a curing
reaction product including the 5 isocyanate-term nated prepol yner (A) as a
mai n conponent, and the sea conponent is preferably nmade of a curing
reacti on product including the isocyanate-term natedprepolyner (B) as a
mai n conponent. [0058] 10A polishing pad (polishing |layer) of the invention
is provided with a depression and a protrusion structure for hol ding and
renew ng 4 Bldhe xERRUEGN 1R 2 26888 tWNEN §cbhei pobishEpgpl aygEeds forned
with a fine foam many openings are on a polishing surface thereof which
wor ks so ﬁﬁﬁ#ﬂ hold the 15 slurry, a depression and protrusion structure
are preferably provided on the surface of the polishing side thereof in
order {o achi eye g, of boLdahil Ly andatenenghy obetbgosurry or in order
to prevent induction O déchuc error, breakage of a wafer or decrease in
polishin fficiency. The shape. of t 20 -dep Sj Yale} rus
structur gvoﬁsyensgtterﬁaratsleéjupgiwel%Shiptreegeelrr?(s%olfydr Egé %?ﬁrlﬁgﬁctge:lao%g'rg?gi ned and
renewed, an nmpl es include latticed, grgo , concentri jrcl e-shaped
groo&gs,1¥%g% “hEI%eE, PAS ?Fﬁ%gﬁgﬁﬁﬁong?’égﬁygéﬂaVlEWi8%}ghﬁlinder,
spi ral graqoves, eccentrjc grooves, r dial(%{ooves, and a 25 cogb%gation of
these gr GOVEE~SARSIGIESV 8 CHREEHT SR BOVE: S Tt S T gt SV T HitEkn&ds “8Ec. are
not particularly limted either, and are suitabl deterniﬁgg to Lorn1
gr ooves. PrHesE Jdpresst oht &R HPEERIEFEN st GEETF Qrecgendtalrty Ehose
having regul arity, but the groove pitch, groove w dth, groove depth etc.
can aIsoéﬁéﬂgﬂﬁh@ﬁéééué@réﬁ@ﬁﬂﬂéﬁﬁa&%s$éé?%hz@%rﬁﬁﬁépbéﬁﬁﬁFPBﬁrégﬁdrenemal
of slurry desirable. [0059] The nmethod of form ng the depression and
prot rusi gt Birtycteurey| sembitopag tdidfliaily: FPriaed, &rdtherotdempred, 10
formation by mechanical cutting with a jig such as a bite of predeterm ned
si ze10f orimattihenchye cas¢ i g renduoweirngveeson nalecwbid wiivihig is Bpseific
surface shape, formation by pressing resin with a pressing plate having a
speci fi ¢ tdunf aceoshaperefroayraei ohebyephpttal ol hogn aphyf t Polyatrethaby a
printing nmeans, 15 and formation by a laser light using a 002 gas |aser or
the |ike.rd4Q66p that the Na aspedizkitd ohi g d@t Fiopmay pdrat e€d lon radubiedkness of
a polishing | ayer, but a thickness thereof is about 0.8 to 4 mm preferably
1. 5to @028 M The nethod of preparing the polishing 20 |ayer of this
t hi ckness includes a nethod wherein a block of the fine-cell foamis cut in
predeterm ned tiokngss iRy pacski-¢el tRad band saw pysiesrer-papkani ng
system a nethod that invofbes casting resin into a nmold having a cavity of
predeter mgd, t Bheknasse andeaurd Ront he-hE8tAu1 Ay MRLROE ph1ysing esating 25
techni ques and sheet nol ding techniques, etc. [0061 The scatter of
t he thicﬁgg&& 1 shi I r r.ably,1 m I When t he
scatter of t ég%ﬁ%ggﬁgggjﬁgr%%éh%¥%fﬁ§% %S%E%$§P§¥8qu%du?2¥igﬁﬁfg caused
to generate I | Ef . t.act i t it j ect of
polishing%m?ﬁhggégbgggggylﬁﬁgﬁ%gﬁ??ngoggﬁﬁsﬁ%%ggc%a?ggﬁg?igg?%S%QTo sol ve
the scatter, of the thickness, of .t ol Lshipg: | r f, the
lecular‘wa%%§§é€§about $§9qx>agohg o) @df{gFégglggkkggﬁd%d

poIishindm?ayer I's genera in‘aninitia polishing by a
dresser having 10 ag asive ain f di anp d.depositeg:or f used _t her eon,
but the 651H§%¥%68I’bgrOgﬁ?gﬁaeoifgg%éupgﬁggiaé§gﬁi@g 588&605%5&%re5 a
| onger. dressing tinme to reduce the efficieqﬁy ?j roducti an. [0Q6
20 It should be noted that when any other high-molecular welg
polyol is also used at the same time, the polyester-based polyol
for forming a macroscopic phase-separated structure should
preferably be added so that the total content of the oxycarbonyl

group constituting the polyester-based polyol is from 8 to 43%

25 Dby weight based on the total amount of the high-molecular weight
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As a method of suppressing the scatter of thickness, there 15 is also a

met hod of buffing the surface of the polishing | ayer having a predeterm ned
t hi ckness. Buffing is conducted preferably stepw se by using polishing
sheets different in grain size. [0063] 20A polishing pad of the invention
may al so be a |lam nate of a polishing |layer and a cushi on sheet adhered to
each other. [0064] The cushi on sheet (cushion |ayer) conpensates
for characteristics of the polishing |ayer. The cushion layer is 25

requi red garysiat i s foypiengr oot hynd g irt iyh paghy ehiitfeari ailt yorghd €1t Bes (N a
tradeoff relationship in CVP . Planarity refers to flatness of a pattern
regi on upoty p@l)i.shing an object of polishing having fine unevenness
generated upon pattern formation, and uniformty refers to the uniformty
of the whajeeof an object 5 of polishing. Planarity is inproved by the
characteristics of the polishing |layer, while uniformty is inproved by the

characteri sti C%X%fmﬁtl@% &flsﬁpliG%ifé/@I{erJ’g’@séalg?hge | ayer &@g@lk@thlg%e

polishing pad of the present i1nvention iIs prefefably softer than t

Eﬁ'tb oar P%;jfé%rsys%?*[‘m%@ﬁ%%lyaent&yelxeal}%?%gi%_? fssy ﬁ%%%%%‘?%géggéﬁﬁﬁﬁévéi
abric su VC\gs ﬁxﬁ,t¥$§%.%tﬂgﬂ%%%egt abrig, élpy eTBe ongg&en abric or an
Ve a a T |Ap €

acrylic non bric, nonwoven ree reghat Wi th resin such

as a pol yester nonwoven fabric inpregnat i th | yur et hane, polynmer resin
foan1sucﬁx§§%66a§ﬁ$%Pﬁ§H§ F&éﬁfaﬁ Yﬁ%ﬁyé?ﬂVﬁlnea5§a§P5¥ﬁB§8F resin such as
but adi ene r.ubber and i so rere r ubber, aqg %hotg§ensitive resinkﬁ£0%66]
20Means PO YAGREATRG St RTH0t T ST 2 Payer i ob§ & teaSRiToRY IR i HePdde: for
exanple, a method in which_a_doubl e-sided tape is sandw ched between the
pol i shi ng I°%4yer{ SAnd Y He 2SushiPoRTPRGBRILPSN | dnldaPHy2prEdsiing. [0067] 25The
doubl e-si ded tape is of a common construction in which adhesive |ayers are
proviBed o BEER S Pdc e §03K PEOBYB SN Faie Y§Géh 8894°Ronwoven fabric or a
film It is preferable to use a filmas a substrate with consideration

gi ven t o BYleVrERticae thy Lgaenehy ¢ oh wéfthapkpageye iant o Gl alulshi 6arsheate A
conposition 5 of an adhesive layer is, for exanple, of a rubber-based
adhesi ve, (sarvhagey ldiphkayed cadhesiave) oprt heclvickéc parkengktiec{basbdaadhesi ve
is preferable because of |less of a content of metal ions, to which

consi der gtrogy liesiegiceeon8itrte allpos¢ shangod ayeed anth@l gushi om sheet is
sonetines different in conposition from 10 each other, different

conposi t icond iane iadopf edd or mespect e adhiesi ver | apérscatradetihly@caieded t ape
to thereby al so enabl e adhesive forces of the respective adhesive |layers to
be adp usteathetro gproper ivabueserhB806§8]1s¢8A pol i shing pad of the invention may
be provided with a doubl e-sided tape on the surface of the pad adhered to a
pl aten. Asgovle doubl e-si ded tape, a tape of a common construction can be
used in which adhesive | ayers are, as described above, provided on both

surfaces of a substnaber ASclhBeSHBSEEAlEr ¢0i§Af §xappke, a nonwoven
fabric or a filmis used. Preferably used is a filmas a substrate since

separ at i h t ' SIS, r e ; | shiyng pad.
Asa conpggﬁp%gﬁkgf%gﬁggdﬁgéyéénﬁiyer,e%g%h %aﬁ%Pe?gge¥ﬂ%gg$?g§2egbgdhesive

or a”.ac%%'%9@%??e%o%@h§§k¥8rkﬁlgxﬁﬂﬁ'kEi§9008re§ﬁr@9E% b§ 8Re25 .
acrylic-based adhesive because 0 ess of fetal ions in content to which
Conséger%E%%geﬁisgﬁ%egroperties of the polyurethane resin to be

obtained. 1Inthe case where the number averagemolecular weight

is less than 200, a hard and brittle polyurethane resin may be

obtained, so that scratching may tend to be difficult to

suppress or pad life may tend to be short. On the other hand,

25 in the case where the number average molecular weight is more
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[ 0069] A sem conductor device is fabricated after operation in a
step of polishing a surface of a sem conductor wafer with a 5 polishing
pad. The term a sem conductor wafer, generally means a silicon wafer on
which a wiring netal and an oxide |ayer are stacked. No specific limtation
is inposed on a polishing nmethod of a sem conductor wafer or a polishing
apparatus, and polishing is performed with a polishing apparatus equi pped,
as 10 shown in Fig. 1, with a polishing platen 2 supporting a polishing pad

(a polishimng bayes) therd R0} behi panheady s Nobdh nY aas sefeaRduetannwaf er 4,
a backing material for applying a uniformpressure against the wafer and a

supply i f Xall Li s I unted on
the pol | SH'g. o AT6n 165 By adhering THE pad (6 he i acen ik g
double-sigﬁg¥;ape. The polishing platen 2 and the polishing head 5 are

di sposed so Hat the polishing pad 1 and the sem conductor wafer 4
supported or hel d.by.them oppositely.face ch her oyl wth
respective rota ﬁlfhé t556p§%§efFeg 6&8&58§§y268%e§ﬁ%§?gﬁg%o¥gg§§ssing t he
sem cpnduct.or waf er to _the polishin ad 1 is installed.on.the. palishing
ond 8 sitidy BuEhRE fots eHPRG T Ao SeurBanatE o harat” for €obort 4h2u by
bei ng pressed agai nst the oIishin%ﬂpaq 1 while the p%lishing g aten 2 and
the pol i SHSRY WEEF 5 O4e "Fot"are §odid 18 1s COFPY Si-E 1P8d. (Phe 25 Ys S&EFF ¢
limtation is placed on a flowrate of the slurry, a polishing | ocad, a
polishind“ﬁ“ﬁt@ﬁ%ﬂﬂﬁﬂﬁQ9¥lﬁ6nﬁ€Fg§ﬁdpQQMﬁﬂeﬁwﬁﬁpaﬁiGHmﬁﬁﬁbQWFr fch are
properly adjusted. [0070] Protrusions on the surface of the sem conductor
waf er 4 sodesuliver by IherRiv 8goakd2 PoIisREAUEI At §90) Tiver 8afPere agided

sen conduct or device is produced therefrom through dicing, bonding,

packagi ngetlondThe §bRi ebndaes oL deve cenventused a4¢ & tadamAsriieesr-ocessor,
a nenory etc. 10 Exanples [0071] Description will be given of the

i nvemdi onOM3XN exanpl es, while the invention is not limted to description
in the exanples. 15[0072] [ Measurenent and Eval uati on Method] (Measurenent
of Nunber - Aver age-Mollecullar Wéight )component Asmaibes -avemage epludeul ar

wei ght was neasured by GPC (a Gel Perneation Chromatography) and a val ue as
measur ed waaisyh20 pedndr,t ed liow —trerles udfa rs tvariddrtd pedlypstiylegnexrnblaecul ar

wei ght, and the apparatus and conditions in operation were as foll ows:

GPO appardtdshorasiiar appabatysbavaddast tis echdy S dmdr -Gormingvrtah Model
Nunber of LC-10A. Columms that were used in neasurenent were ones 25

manuf act W8 Hy 1IPIYRSs ilkakersat@ni esdCqpb,) .i nTwhpehttbneer, cebuams were in
connection including (PL gel, 5 mand 500 A), (PL gel, 5 mand 100 A) and

(PL gel, 12RAREAQ Ahve iAH QWHRIRMWaS o0 gAMLy added to the

prepolymer-forming raw material composition (b).
[0031]
Examples of the low-molecular weight polyol include

ethylene glycol, 1,2-propylene glycol, 1,3-propylene glycol,
20 1,2-butanediol, 1,3-butanediocl, 1,4-butanediol,

2,3-butanediol, 1,6-hexanediol, neopentyl glycol,

1,4-cyclohexanedimethanol, 3-methyl-1,5-pentanediol,

diethylene glycol, triethylene glycol,

1,4-bis(2-hydroxyethoxy)benzene, trimethylolpropane,

25 glycerin, 1,2,6-hexanetriol, pentaerythritol,
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A concentration was 1.0 g/l. 5An injection quantity was 40 pl. A colum
tenperature was 40C. An eluent was tetrahydrofuran. [0073] (Method of

Cal cul ati ng Oxycarbonyl Group Content) 10The oxycarbonyl group content is
calculated fromthe follow ng fornmula: the oxycarbonyl group content (% by
wei ght) ={(the anount (parts by weight) of the pol yester-based pol yol)x(the
wei ght ratio of the oxycarbonyl group in the repeating units of the

pol yest er-based polyol) x100 } / (the total 15 amount (parts by weight) of

the hi gh-umlecidiar 1Waights Pebyeles e thie ganepelineer sbepriag,raw materi al
conpositions (a) and (b)). [0074] (Measurenment of Average Maxi mum Length of

I sl and Conponent:) dﬁ%é[Q%lgrgggﬁ%ge,foaned or non-foaned pol yuret hane was

cut into a piece (arbitrary size), and a snooth surface was cut out of the

pi ece under JP\VAM ole] - ' i knif:e i :
01 Tt Crotans { LEICA EM DA Fanet SacUrd by Ter £af | CaGiCaquentie tne

y
snooth syrfa asure .area. 30, pn Meas ing a
scanningﬂéﬁgﬁgnﬁggf%%%%%gg' ’9§8§,t92%§3338?%?gglby |nad¥& #goration)
and a_cantil ever (0 - AC200TS- R3, nuf act ured by .Corporation, 9
N m iR sgﬁﬁﬁﬁzéﬁﬂ'ng%PaYS%eH?%eﬁ'ﬁgggﬁhﬁ%élprgﬁgeﬁgb%qﬁﬁgéggfhe condi ti ons
of a cant'kﬁﬁﬁr scanni ng speed of 1 Hz and a 5 neasurenent tenperature of

23Cint se detection node of the viscoelasticity neasuring system
When the grayscale range of the resulting i mage was set at 2 .V. i mage

anal ysi s sof t waré"PWERRE6f FR }%%Tm%?‘b%f%l]fi%%g%? ooy dinéj&lug% a
grayscale image with clearly distinguishable islands. The 10 maxi mum | ength

of each Sfthvdsnesiigiddonad dSnesd FH Nthe HPASHYeRENNANESdPHARR30pm  and
t he average maxi mum | ength was cal cul ated fromthe val ues. [0075]

( Measur erferftthofl eaperrdgalos,| eSicze) ThSEKi RgYaPlhi EFBtofenehyt @F, 1fhe produced
pol yurethane foamwas cut as thin as possible into parallel pieces with a
t hi ckfessagfoihamoor dfedsyo whi slengere used as sanples for average cell size
measur enent. The sanple was fixed on a slide glass and observed at a
magni fi catGde®]lof 100 tinmes using an SEM (S-3500N, 20 Hitachi Science
Systens, Ltd.). The dianeters of all cells in an arbitrary area of the
resul ting i mnagExweipéereasuted akdoigolamgee anat ysies meofaamdree o\ Reof |
M tani Corporation), and the average cell size (pm was cal cul ated. [0076]
25( Measurementar@hdeamdiessno) ethanol, monopropanolamine, etc. These
may be used singly or in combination of two or more.

15 [0034]

The content of the low-molecular weight component in the
prepolymer-forming raw material composition (b) is not
particularly restricted and may be appropriately determined
depending on the properties required of the polishing pad

20 (polishing layer). Preferably, however, the content of the
low-molecular weight component is from 10 to 70% by mole based
on the total amount of the active hydrogen group-containing
compounds in the prepolymer-forming raw material composition

(b) .

25 [0035]
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Measurenent is conducted according to JI'S K6253-1997. The produced, foaned
or non-foaned pol yurethane cut out in a size of 2 cnmx2 cm (thickness:
arbitrary) was used as a sanple for neasurenent of hardness and left for 16
hours in an 5 environnment of a tenperature of 232C and a hum dity of 50%%
At the tinme of neasurenent, sanples were stuck on one another to a

t hi ckness of 6 mmor nore. A hardness neter (Asker D Hardness Meter,
manuf act ured by KOBUNSHI KEIKI CO., LTD.) was used. The hardness was
measured at tenrapkiditaion,PekBhSco@bchdf: tike paveeagplyahdeedas ealaeul at ed.
[0077] (Measurenment of specific gravity) Det erm ned according to JIS

Z8807- 197ne The: r adiicecht foamatdt aix foan-fRaed Rely Welhaneguly euk in the
formof a strip 15 of 4 ¢cnx8.5 cm (thickness: arbitrary) was used as a

sanpl e fof, PRasu e of, SReal ikcr gy ty and deliibar 38s09uls ik an
environn3%% of a tenpé?a%hrggbf ZSEC and a huni&?tyl%f 50%%%> Nb§$Urenent

ST MO S USRI e
ool 85 nq,pLOPELY, ol i orolhced nall s g pad e eugl uated,eing @

Ltd.). Thﬁxgggishing rate was 25 calculated fromthe anmount of polishing,
whi ch was™ 0 Jined when an 8-inch silicon wafer with a 2,000 A thernal
oxide film a 100 A Ta fiI%% a 100 A ng figgkland an gOO Ak§u-seed film
deposited in tHi's%rdaf tHeresnPanduac 282000 RhIat BACCUPRRrY M For ned

t hereon was polished for 60 seconds per piece using 5 the poILshin% pad.
The averé&iapBF??ﬁﬁﬁﬁeFaPEtﬁﬁg'c%I Ht EFHEOIRT hE POFT sHt iy rdt%e S Tobt ai ned
for the 4th, 8th, and 12th pieces. The thickness of the Cu fil mwas

measur ed %ﬁrﬁé’oéyﬁ@ﬁ--coﬁt aleir ot AnRt ;lsnéas%g%@l%y%‘ir@?ﬁ‘{%@é‘iv-lﬂe- 80M
manuf act ured by Napson Corporation) . The polishing conditions 10 were as
deschPbedrbéleamt THe attukTy Nysk@amasIaorPRtane® SoliRiLedo byt Ridichg VE% by

wei ght of hydrogen peroxide to a neutral slurry for Cu (PL7101,

manuf act Uretr dgerFag PP inwordsor athed o xwhi Tho wiais aauidieh mt oa sflcondeatye of 200
m /mnute during the polishing. The polishing | oad, the nunber of

revol ut i awsirgf grheppa thphg riBimpl 8t emndanide tiHéenunBencoét ¢ exelngtlieons of
the wafer were 2 psi, 70 rpm and 70 rpm respectively. Before the

pol i shi ngrf tiee stirdiaceofertdeer pioldIsideng guad amaisiedr esséd afsor 30 m nut es
usi ng a di anond abrasive disc (Mt100, manufactured by Asahi D anond

| ndustri a, £o-medHy.dneb {Be -ditEssd dxth idandi )t (Mot )wer e a di sc | oad 20 of 0.6
psi, a nunber of revolutions of polishing platen of 30 rpm and a nunber of
revol gt i anss-afi dh 156 Bfp-Endryme]LBE]i Ry, anari zati on property (dishing) was
eval uated using an 8-inch patterned wafer (an 854-pattern wafer,

nmanuf act ur e by 25, 19EMMEECH | NGiohlidrdmiiah dde Cu fil mwas conpl etely
removed by the polishing under the conditions described above. In the

neasur ements o9f; 4 he«qoMmlete remval Rfhddhe@hd,ilm the instant at which
the polishing tenperature being nonitored during the polishing decreased

was detefiﬁﬂﬁﬁiéﬁ@é%ﬂvﬂéﬁﬂﬂ)“Qngﬁ£%ﬁ¥ﬂéﬁedf%ﬁﬁﬁé t he polishing was stopped
shi

after over-poli ng ‘was performed for 10 secords fromthe polishing end

point. S 3 ( . the step hejight. (A (L/S=100 pnf 100 pn) was neasured
using a g??g%%ro |Igﬁ% é?miggf%%h%gﬁquétured by KLA-Tencor Corporation).

20 3,5-diethyltoluene-2, 6-diamine, 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,

25 4,4’ -diamino-3,3’,5,5’ -tetraisopropyldiphenylmethane,

16



10[ 0080] Scrat ching was eval uated as described bel ow. After the
pol i shing under the conditions described above, the wafer was cleaned with
an al kaline cleaner (Juspen, manufactured by Sanyo Chem cal |ndustries,
Ltd.) in a wafer cleaning machine 15 ( MATZAB- 8W2MC, manuf actured by MAT
Inc.). Using a surface defect inspection system (Surfscan SP1TBI,
manuf act ured by KLA-Tencor Corporation), the cleaned wafer was neasured to
determ ne how nmany 0.24-2.0 pm scratches were there on the Cu filmin the 5
mm EE. ( Edges Bl Us At oy 12010084k oRxanpl e 1 To a vessel were
added 934 parts by wei ght oﬁ’toluene di i socyanate (a m xture of
2, 4-di | sopypnal elid 6.4 i-socyanat,4=80420),;00,,21 696,07 L by 228 el ght of
pol yet hyl ene ad’pate gl'ycol wth a nunber average nolecul ar wei ght of
1,000 an dowed to.r t_at,, 70C [ I hat an

ﬂle,?{ (ﬂeds cec?ugz?}ﬁpél,/l r%%akﬁn\;\)gggggtlﬁletﬁ nk

I socyana erm na epol’'yme ained. To a vessel were added
1, 229 par by, wei.ght of ,tol.uene 5.diisocyanate (a_m_x |
2,4-diisd%’aﬁéFggfgf5&%f§6bﬂ§ﬁ5{§§§éW§8yﬁ%§§§aB§(t? gyﬁiggaﬁglgPlne’

4, 4" -di cycl ohexyl net hane .di i socyanate,..1, 901 parts by wei ght .of

pol yt 8tr HV%%&%??%hﬁ;y%ﬂ%ﬁghéaﬁ eﬁeglﬁ@&ﬁgrIﬁV%Q%Qg@?ﬁﬁé&ﬁﬂ%ﬂfiﬁ%gght of
1,000, and 198 parts by weight of diethylene 10, col _and all to react
2t 70C £ O e e [ SUCYNALE Cer HEAATEADRIEROF y B CBF vas

obt ai ned. To a polynerization vessel were added 15 parts by wei ght
of the preEpbIHECYAL W85IPaMCd RRLRSI-ght RBEIeRE P episheFeEBF1P5Ad 3
parts by weight of a silicone surfactant (B8465, 15 manufactured by

Gol dschnialoGhémcde GseForatnen)2ande ndxel? MHe HiktUr & "wasiadSusted to
70C in the vessel and was defoaned under reduced pressure. Subsequently,

t he reacti@re.system was vigorously stirred for about 4 mnutes with a
stirring blade at a rotational speed of 900 rpmso that air bubbles were 20
i ncoiporat®Biinto the reaction system Thereto was added 25.1 parts by

wei ght of 4, 4'-nmet hyl enebi s(o-chloroaniline) (NCO Index: 1.1), which had
been previ ousl| yheehirtnatrat20G £ Ehe i squyahat «t ueenivest sd breed 1iyoerabout 70
seconds and then poured into a | oaf-shaped open nold (casting vessel). At

t he poi nt (25 when ikbeybinqtiedteirxtnaecbostepdsyheui bt y,arid thas cpbaeced in an
oven, and subjected to post curing at 100C for 16 hours, so that a

pol yur et hane doambl aekvaase abtepigted.ng on the Mbideuheated gatt @beuath80C, the
pol yur et hane foam bl ock was sliced using a slicer (VGM125, manufactured by

AM TEC 5 (Gordiorat i20) thé ad hate @ ioliwzat pangeteanssheeath 16Bhaiged.
Subsequently, the surface of the sheet was buffed using a buffing nmachine

(manytactyyed by AMLTEG:Cokparat i 98), Yhttheit Sothhekpesscrpachedsl. 27 mm
so that a sheet with regul ated thi ckness accuracy was obtained. The buffed

sheet wa | nt i i [ ric

i oul ar TrOouBe T B Ay Bt P oro b S e 0Pyt ok of * 16 H - and s dept h
of 0.40 e : o ] ' ' machi ne
R S A R A M
obt ai ned. , The surface of th | i shing_ 15 | : -] sl ructure
including“pslaﬁﬁrgﬁﬁrséﬁlgg gﬁéﬁ?g?a?%EVB?gﬁgﬁhgggéﬁ%ﬁgé%% d%%gﬁ%%had a
circul ar shape.. A doubl e-si ded ,adhesi ve tape .(DOUBLE  TACK TAP

nmanuf act Ut %%ﬁ%eﬁﬁ\ﬁ’cﬁ%e@%m SIDIE WES BERGEH tggotuﬁgl%opposi te
surface of the polishin Ia¥er fromthe grooved surfﬁcg usin%%ZO a

| anmi At orlRGATE Sdr FQ@epg?p% PBFERa-T PEAL d‘a%s‘ihifc‘iﬁms e&t ¢ Toray PEF e a

pol yethyl ene foamy 0.8 mmin thickness, manufactured by Toray |ndustries,
Inc.) waw s afunt é4o8nd- PRd BordeBet & théudeEsl et %teld"ea@ﬁéisriqgémt ape
using a lam nator. A doubl e-sided adhesive tape was further bonded to the
ot her 25 &ifvrec el fofdndiey lo IE1HIUF SHERIOTUSITHE Ca AraNiRFat 61, 86 hatfa

NCO

extender. If the number of isocyanate groups is outside the
range, insufficient curing could occur so that the required

25 specific gravity or hardness could not be achieved, which tends
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pol i shing pad was obtained. [0082] Exanples 2 to 11 and Conparative
Exanples 1 to 3 and 7 Polishing pads were prepared by the sane nethod as in
5 Exanple 1, except that the fornulations shown in Tables 1 and 2 were used
instead. In each of Exanples 2 to 11, the polishing |layer had a sea-island
structure including island and sea conponents, in which the island
conponent had a circul ar shape. | neachof Conparati veExanplesl to 3 and 7,
the polishing layer 10 did not have any phase-separated structure. [0083]
Exanpl e 12 |sooyanal erHeiinatedgprpepekyiees . (A) and (B) were obtained by
the sane nethod as in Exanple 1. In a planetary 15 m xi ng/ def oam ng

machi ne, gparts by weight of the prepolymer (A) and 75 parts by weight of
t he prepoﬁyner (B) were m xed and defoamed. Subsequently, 20.4 parts by

wei ght of 4, 4' -ipt hyleneli-$ce=chkargani-Li-ng) prwhlLeR) had pﬁsﬁepgsygously
melted at 120C, wasS added to the liquid mxture (NCO Index: 20 1.1) and

m xed an ?gqp i qt r L X] am | I at a
polyuret%%{%)gJj orn?%éﬁﬁgaﬁﬁgﬁggﬁé?J%b%%é&?%{gﬁggégh%%?gﬁi§59§$ﬁ§88%2p05ition
was peured jnto_ an 1Dl St N nd _wi dth
and 205 hd Borb SRR Tt B Lt b e g e e PBfTe”
hours, 25 sq.that_a non-foaned pol yuret hane sheet bt ai ned. .
Sbsequentt S e’ SanT ALd Sor CALCETEa ARdTbr T ETESTRY S baPE PhdCRuchi ne
(nanufacturﬁd.gy AM TEC Cor poration) until its thickness reached 1.27 nm
so that a Y%th regul ated thickness accuracy was obtained. The buffed
sheet was stanped 5 into a piece with a dianeter of 61 cm Concentric
circul ar GVB%ves with a width of 0.25 mm a pitch of 1.50mm and a depth of
0.40 mmwere formed on the surface of the piece using a grooving machine
(manuf act ured BYCPECHRE é@rﬁB?aﬂP&ﬁFFl§8rtgaﬁ ROpBIFShAGe| A§etiwas
obt ai ned. The surface of the polishing 10 | ayer had a sea-island structure
i ncl 4l ngprcsivetd cand Ss @g réorpefetd Ndi A RiEERLYRETi BraRESEéenponent had a
circul ar shape. Subsequently, a polishing pad was prepared by the sane

met hod adlyBedipine res[i00®4pdusEdnpar areve lExampbescassohgs a

Pol i shing pads were prepared by the sane nethod as in Exanple 12, except

t hat t he dmrfadadtlivorcsidenti phvablel2pwepertised.i nstead. I n each of

Conpar ative Exanples 4 to 6, the polishing layer did not have any

phase- sepaatodd structure.

Note that an isocyanate~terminated prepolymer (A) and (B)
15 with a molecular weight of the order in the range of from 300
to 5000 is preferable because of excellency in workability and
physical properties.
[0041]
In the invention, the polyurethane resin is produced by
20 curing reaction of a polyurethane-forming raw material
composition containing the isocyanate-terminated prepolymer
(A), the isocyanate-terminated prepolymer (B), and the chain
extender.
[0042]

25 The polyurethane resin may be a foamed product or a
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20[ 0085] Conparative Exanple 8 To a vessel were added 1,081 parts by
wei ght of toluene diisocyanate (a m xture of

2, 4-dii socyanate/ 2,6-d' i socyanat e=80/20), 136 parts by weight 25 of

4, 4" - di cycl ohexyl net hane dii socyanate, 1,333 parts by weight of

pol yet hyl ene adi pate glycol with a nunber average nol ecul ar wei ght of

1,000, 950 parts by weight of polytetranethyl ene ether glycol with a nunber
average nol ecul ar wei ght of 1,000, and 99 parts by wei ght of diethylene

glycol, %&M@ﬂﬂéﬁ"@goﬁgcf.eaofh@b(oéggrfeghaﬂeh%ﬁm e Egaércﬁ}ic')hcaed by

i socyanate-term nated prepol yner was obt ai ned.

pol yneri Z@ﬁg‘aggh\\;\gfgﬁ%s%?ﬂ’rgclw% %@%sﬁaﬁ]{%@t gﬁg%%%%gfaém%o%%mum (C)

and 3 parts i cone sur , manufactured by

Gol dschmi dt j.cal por.at i ' t justed t
70C i1 L He Vosel And Oef GaNgd Under FoHBCGd bReSeurs. *SUBCLUuSRETy, the

reactlonr%%§%fn1mas V|gprously.st|rred far %Qout 4 nlnuteﬁy@% hegcﬁtlrrlng
0 ha were

bl ade at "¥ 1ot ati-onal® 6€§§S§fl§6&uﬁﬁﬁﬁsgo u&PFlguﬁﬁpgs

incorporated into the reactiagn system _To th .15.rea%Fion S stenkmas added
25.1 Par tBP W ght© 6F %4 14Tt ﬁﬁpé‘r‘féﬁiué('o?%ﬁ%r%gni Fn&PTERES Mdex:
1.1), which had been previously nelted at 1§0Cm The |i ig m xt ure was
Stitred FHRFUBBUL 0 ISERGRAE hd *Pne A NHoBFEANAPS & MafeshR5ed Ghen mol d

(casting vessel). At the point when the liquid 20 m xture lost its
fluidity,!94434as placed in an oven, and subjected to post curing at 100C
for 16 hours, so that a pol yurethane foam bl ock was obtai ned. Subsequently,
a pol i shing padhfeRe bt epbited e rithy BT AfBIIrsHPAs PROEaPPINE 12diTHe
polishing layer did not have any phase-separated structure. ZI etdnex?
| 6E6 99g@lding tgesPsscy@sgte-terminated prepolymers (A) and (B) to a
10 reaction vessel, then adding the chain extender thereto,
stirring them, and then pouring the mixture into a casting mold
with a predetermined size to form a polyurethane resin block,
and slicing the block using a slicer, or forming thin sheets
at the stage of the cast molding. Alternatively, the
15 polyurethane resin as a raw material may be melted and extruded
from a T-die to form a sheet-shaped polishing layer directly.
[0044]
The method of producing the polyurethane foam may be a
method of adding hollow beads, a mechanical foaming method
20 (including mechanical frothing), a chemical foaming method, or
the like. While any combination of these methods may be used,
in particular, a mechanical foaming method is preferably
performed using a silicone surfactant comprising a copolymer

of polyalkylsiloxane and polyether. Compounds suitable as the

25 silicone surfactant include SH-192 and L-5340 (manufactured by
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Dow Corning Toray Silicone Co., Ltd.), B8443 and B8465

(manufactured by Goldschmidt Chemical Corporation), etc. The

silicone surfactant is preferably added at a concentration of

0.05 to 10% by weight, more preferably 0.1 to 5% by weight, to
5 the polyurethane-forming raw material composition.

[0045]

Various additives may be mixed; such as a stabilizer
including an antioxidant, a lubricant, a pigment, a filler, an
antistatic agent and others.

10 [0046]

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

15 1) Foaming Step of Preparing Cell Dispersion Liquid

The step includes adding a silicone surfactant to the
first component containing the isocyanate-terminated
prepolymers (A) and (B) so that the polyurethane foam will
contain 0.05 to 10% by weight of the silicone surfactant and

20 stirring the mixture in the presence of a non-reactive gas to
form a cell dispersion liquid in which the non-reactive gas is
dispersed in the form of fine cells. In a case where the
prepolymer is solid at an ordinary temperature, the prepolymer
is preheated to a proper temperature and used in a molten state.

25 2) Curing Agent (Chain Extender) Mixing Step

20
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The second component containing a chain extender is added
into the cell dispersion liquid, which is agitated to thereby
obtain a foaming reaction liguid.

3) Casting Step
5 The forming reaction liguid is cast into a mold.
4) Curing Step

The foaming reaction liquid having been cast into the mold
is heated and reaction-cured.
[0047]

10 The non-reactive gas used for forming fine cells is
preferably not combustible, and is specifically nitrogen,
oxygen, a carbondioxide gas, a rare gas such as helium and argon,
and a mixed gas thereof, and the air dried to remove water is
most preferable in respect of cost.

15 [0048]

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

20 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. 1In order to obtain the desired
polyurethane foam, the number of revolutions of the stirring

25 blade is preferably from 500 to 2,000 rpm, more preferably from
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800 to 1,500 rpm. The stirring time should be appropriately

controlled depending on the desired density.

[0049]

In a preferable mode, different stirrers are used in

5 stirring for forming a cell dispersion liquid in the stirring

step and in stirring for mixing an added chain extender in the

mixing step, respectively. 1In particular, stirring in the

mixing step may not be stirring for forming cells, and a stirrer

not generating large cells is preferably used. Such a stirrer

10 is preferably a planetary mixer. The same stirrer may be used
in the stirring step and the mixing step, and stirring
conditions such as revolution rate of the stirring blade are
preferably regulated as nécessary.

[0050]

15 In the method of producing the polyurethane foamwith fine
cells, heating and post-curing of the foam obtained after
casting 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.

20 The forming reaction liquidmay be cast in amold and immediately
post-cured in a heating oven, and even under such conditions,
heat is not 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

25 stabilize the shape of cells.
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[0051]

A known 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

5 of flow time in casting in a predetermined mold after the mixing
step.
[0052]

The average cell diameter of the polyurethane foam is
preferably from 20 to 70 um, more preferably from 30 to 60 um.

10 [0053]

The polyurethane foam preferably has an Asker D hafdness
of 35 to 65 degrees, more preferably 40 to 65 degrees.
[0054]

The non-foamed polyurethane preferably has an Asker D

15 hardness of 45 to 75 degrees, more preferably 45 to 65 degrees.
[0055]

The polyurethane foam preferably has a specific gravity
of 0.4 to 1.0.

[0056]

20 The polishing layer comprising the polyurethane resin has
a phase-separated structure, in particular, which preferably
has a sea-island structure including a sea component and an
island component with an average maximum length of 0.5 to 100
um. The average maximum length of the island component is more

25 preferably from 20 to 70 ym. In addition, the island component
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preferably has a circular surface shape.
[0057]
In the case of the sea-island structure, the sea component

is preferably made of a curing reaction product including the
5 isocyanate-terminated prepolymer (A) as a main component, and

the sea component is preferably made of a curing reaction

product including the isocyanate-terminated prepolymer (B) as

a main component.

[0058]

10 A polishing pad (polishing layer) of the invention is
provided with a depression and a protrusion structure 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

15 slurry, aidepression and protrusion structure are preferably
provided on the surface of the polishing side thereof in order
to achieve more of 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

20 depression andprotrusion structure isnot particularly limited
insofar as slurry can be retained and renewed, and examples
include latticed grooves, concentric circle-shaped grooves,
through-holes, non-through-holes, polygonal prism, cylinder,
spiral grooves, eccentric grooves, radial grooves, and a

25 combination of these grooves. The groove pitch, groove width,
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groove thickness etc. are not particularly limited either, and
are suitably determined to form grooves. These depression and
protrusion structure are generally those having regularity, but
the groove pitch, groove width, groove depth etc. can also be
5 changed at each certain region to make retention and renewal
of slurry desirable.
[0059]
The method of forming the depression and protrusion
structure is not parﬁicularly limited, and for example,
10 formation by 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, formation by a printing means,
15 and formation by a laser light using a CO, gas laser or the like.
[0060]
No specific limitation is placed on a thickness of a
polishing layer, but a thickness thereof is about 0.8 to 4 mm,
preferably 1.5to 2.5mm. The method of preparing the polishing
20 layer of this thickness includes a method wherein a block of
the fine-cell foam is cut in predetermined thickness by a slicer
in a band saw 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

25 techniques and sheet molding techniques, etc.
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[0061]

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 pm, large undulation is caused to generate
portions different in a contacting state with an object of
polishing, 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 above requires
a longer dressing time to reduce the efficiency of production.
[0062]

As amethod 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 stepwise by using polishing sheets different in
grain size.

[0063]

A polishing pad of the invention may also be a laminate
of a polishing layer and a cushion sheet adhered to each other.
[0064]

The cushion sheet (cushion layer) compensates for
characteristics of the polishing layer. The cushion layer is

required for satisfying both planarity and uniformity which are

26



Present SS 06 1717 27180 10056 0081 1.81 atolueEr3 17E6 9997 |
SLS 1061 861 O. O ZzZQz | UT 8'5 panpoz Present 9;

10

15

20

25

in a tradeoff relationship in CMP. Planarity refersto 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. 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.

[0065]

The material forming the cushion layer is not
particularly 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 polyethylene foam, rubber resin such as
butadiene rubber and isoprene rubber, and photosensitive resin.
[0066]

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, followed by pressing.

[0067]

The double-sided tape is of a common construction in which

27
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adhesive layers are provided on both surfaces of a substrate
such as a ncnwoven fabric or a film. It is preferable to use
a film as a substrate with consideration given to prevention
of permeation of a slurry into a cushion sheet. A composition

5 of an adhesive layer is, for example, of a rubber-based adhesive,
an acrylic-based adhesive or the like. An acrylic-based
adhesive is preferable because of less of a content of metal
ions, to which consideration is given. Since a polishing layer
and a cushion sheet is sometimes different in composition from

10 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 values.
[0068]

15 A polishing pad of the invention may be provided with a
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,

20 for example, a nonwoven fabric or a film is used. Preferably
used is a film as a 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

25 acryiic—based adhesive because of less of metal ions in content
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to which consideration is given.
[0069]
A semiconductor device is fabricated after operation in
a step of polishing a surface of a semiconductor wafer with a
5 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 of a semiconductor wafer or a polishing apparatus, and
polishing is performed with a polishing apparatus equipped, as
10 shown in Fig. 1, with a polishing platen 2 supporting a polishing
pad (a polishing layer) 1, a polishing head 5 holding a
semiconductor wafer 4, a backingmaterial for applying a uniform
pressure against the wafer and a supply mechanism of a polishing
agent 3. The polishing pad 1 is mounted on the polishing platen
15 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 each other and
provided with respective rotary shafts 6 and 7. A pressure
20 mechanism for pressing the semiconductor wafer 4 to the
polishing pad 1 is installed on the polishing head 5 side.
During polishing, the semiconductor wafer 4 is polished by being
pressed against the polishing pad 1 while the polishing platen
2 and the polishing head 5 are rotated and a slurry is fed. No

25 specific limitation is placed on a flow rate of the slurry, a
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polishing load, a polishing platen rotation number and a wafer
rotation number, which are properly adjusted.
[0070]

Protrusions on the surface of the semiconductor wafer 4
are 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.

Examples
[0071]

Description will be given of the invention with examples,
while the invention is not limited to description in the
examples.

[0072]
[Measurement and Evaluation Method]
(Measurement of Number-Average Molecular Weight)

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
Corp., with Model Number of LC-10A.

Columns that were used in measurement were ones

manufactured by Polymer Laboratories Co., in which three

30
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A flow rate was 1.0 ml/min.
A concentration was 1.0 g/1.
5 An injection quantity was 40 pl.
A column temperature was 40°C.
An eluent was tetrahydrofuran.
[0073]
(Method of Calculating Oxycarbonyl Group Content)

10 The oxycarbonyl group content is calculated from the
following formula: the oxycarbényl group content (% by
weight)={ (the amount (parts by weight) of the polyester-based
polyol)x (the weight ratio of the oxycarbonyl group in the
repeating units of the polyester-based polyol)x100}/(the total

15 amount (parts by weight) of the high-molecular weight polyols
in the prepolymer-forming raw material compositions (a) and
(b)) .

[0074]
(Measurement of Average Maximum Length of Island Component)

20 The produced, foamed or non-foamed polyurethane was cut
into a piece (arbitrary size), and a smooth surface was cut out
of the piece under an environment at -80°C using a diamond knife
in an ultramicrotome (LEICA EM UC6, manufactured by Leica).
Subsequently, the smooth surface (measurement area: 30 pm x 30

25 um) was measured using a scanning probe microscope (SPM-9500,
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manufactured by Shimadzu Corporation) and a cantilever
(OMCL-AC200TS-R3, manufactured by Olympus Corporation, 9 N/m
in spring constant, 150 Hz in resonance frequency) under the
conditions of a cantilever scanning speed of 1 Hz and a
measurement temperature of 23°C in the phase detection mode of
the viscoelasticity measuring system. When the grayscale
range of the resulting image was set at 2 V, image analysis
software (WinRoof, Mitani Corporation) was used to display a
grayscale image with clearly distinguishable islands. The
maximum length of each of ten islands was measured in the
measurement area of 30 uym x 30 uym, and the average maximum length
was calculated from the values.

[0075]

(Measurement of Average Cell Size)

Using a microtome cutter, the produced polyurethane foam
was cut as thin as possible into parallel pieces with a thickness
of 1 mm or less, which were used as samples for average cell
size measurement. The sample was fixed on a slide glass and
observed at a magnification of 100 times using an SEM (S-3500N,
Hitachi Science Systems, Ltd.). The diameters of all cells in
an arbitrary area of the resulting image were measured using
image analysis software (WinRoof, Mitani Corporation), and the
average cell size (um) was calculated. |
[0076]

(Measurement of hardness)

32
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Measurement is conducted according to JIS K6253-1997.
The produced, foamed or non-foamed polyurethane 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 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. The hardness was measured at ten arbitrary points, and
the average value was calculated.

[0077]
(Measurement of specific gravity)

Determined according to JIS 728807-1976. The produced,
foamed or non-foamed polyurethane cut out in the form of a strip
of 4 cmx8.5 cm (thickness: arbitrary) was used as a sample for
measurement of specific gravity and left for 16 hours in an
environment of a temperature of 23+2°C and a humidity of 50%%5%.
Measurement was conducted by using a specific gravity
hydrometer (manufactured by Sartorius Co.,Ltd).

[0078]
(Evaluation of Polishing Property)

The polishing property of the produced polishing pad was
evaluated using a polishing machine SPP600S (manufactured by
Okamoto Machine Tool Works, Ltd.). The polishing rate was

calculated from the amount of polishing, which was obtained when
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an 8-inch silicon wafer with a 2,000 A thermal oxide film, a
100 A Ta film, a 100 A TaN film, and an 800 A Cu-seed film
deposited in this order thereon and a 25,000 A plated cupper
film formed thereon was polished for 60 seconds per piece using
the polishing pad. The average polishing rate was calculated
from the polishing rates obtained for the 4th, 8th, and 12th
pieces. The thickness of the Cu film was measured using a
non-contact resistivity measuring system (Model-NC-80M,
manufactured by Napson Corporation). The polishing conditions
were as described below. The slurry used was a mixture obtained
by adding 1% by weight of hydrogen.peroxide to a neutral slurry
for Cu (PL7101, manufactured by Fujimi Incorporated), which was
added at a flow rate of 200 ml/minute during the polishing. The
polishing load, the number of revolutions of the polishing
platen, and the number of revolutions of the wafer were 2 psi,
70 rpm, and 70 rpm, respectively. Before the polishing, the
surface of the polishing pad was dressed for 30 minutes using
a diamond abrasive disc (M#100, manufactured by Asahi Diamond
Industrial Co., Ltd.). Thedressingconditions were adisc load
of 0.6 psi, a number of revolutions of polishing platen of 30
rpm, and a number of revolutions of disc of 15 rpm.
[0079]

Planarization property (dishing) was evaluated using an
8-inch patterned wafer (an 854-pattern wafer, manufactured by

SEMATECH Inc.), in which the Cu film was completely removed by
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the polishing under the conditions described above. 1In the
measurement of the complete removal of the Cu film, the instant
at which the polishing temperature being monitored during the
polishing decreased was determined as a polishing end point,

5 and the polishing was stopped after over-polishing was
performed for 10 seconds from the polishing end point.
Subsequently, the step height (A) (L/S=100 um/100 um) was
measured using a step profilometer (P-15, manufactured by
KLA-Tencor Corporation).

10 [0080]

Scratching was evaluated as described below. After the
polishing under the conditions described above, the wafer was
cleaned with an alkaline cleaner (Juspen, manufactured by Sanyo
Chemical Industries, Ltd.) in a wafer cleaning machine

15 (MATZAB-8W2MC, manufactured by MAT Inc.). Using a surface
defect inspection system (Surfscan SPI1TBI, manufactured by
KLA-Tencor Corporation), the cleaned wafer was measured to
determine how many 0.24-2.0 um scratches were there on the Cu
film in the 5 mm EE (Edge Exclusion) area.

20 [0081]

Example 1

To a vessel were added 934 parts by weight of toluene
diisocyanate (a mixture of
2,4-diisocyanate/2,6-diisocyanate=80/20) and 2,666 parts by

25 weight of polyethylene adipate glycol with a number average
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molecular weight of 1,000 and allowed to react at 70°C for 4
hours, so that an isocyanate-terminated prepolymer (A) was
obtained.

To a vessel were added 1,229 parts by weight of toluene

5 diisocyanate (a mixture of

2,4-diisocyanate/2, 6-diisocyanate=80/20), 272 parts by weight
of 4,4'-dicyclohexylmethane diisocyanate, 1,901 parts by
weight of polytetramethylene ether glycol with a number average
molecular weight of 1,000, and 198 parts by weight of diethylene

10 glycol and allowed to react at 70°C for 4 hours, so that an
isocyanate-terminated prepolymer (B) was obtained.

To a polymerization vessel were added 15 parts by weight
of the prepolymer (A), 85 parts by weight of the prepolymer (B),
and 3 parts by weight of a silicone surfactant (B8465,

15 manufactured by Goldschmidt Chemical Corporation) and mixed.
The mixture was adjusted to 70°C in the vessel and was defoamed
under reduced pressure. Subsequently, the reaction system was
vigorously stirred for about 4 minutes with a stirring blade
at a rotational speed of 900 rpm so that air bubbles were

20 incorporated into the reaction system. Thereto was added 25.1
parts by weight of 4,4'-methylenebis(o-chloroaniline) (NCO
Index: 1.1), which had been previously melted at 120°C. The
liquid mixture was stirred for about 70 seconds and then poured
into a loaf-shaped open mold (casting vessel). At the point

25 when the liquid mixture lost its fluidity, it was placed in an
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oven, and subjected to post curing at 100°C for 16 hours, so
that a polyurethane foam block was obtained.
While heated at about 80°C, the polyurethane foam block
was sliced using a slicer (VGW-125, manufactured by AMITEC
5 Corporation), so that a polyurethane foam sheet was obtained.
Subsequently, the surface of the sheet was buffed using a
buffing machine (manufactured by AMITEC Corporation) until its
thickness reached 1.27 mm, so that a sheet with regulated
thickness accuracy was obtained. The buffed sheet was stamped
10 into a piece with a diameter of 61 cm. Concentric circular
grooves with a width of 0.25 mm, a pitch of 1.50 mm, and a depth
of 0.40 mm were formed on the surface of the piece using a
grooving machine (manufactured by Techno Corporation), so that
a polishing layer was obtained. The surface of the polishing
15 layer had a sea-island structure including island and sea
components, in which the island component had a circular shape.
A double-sided adhesive tape (DOUBLE TACK TAPE, manufactured
by SEKISUI CHEMICAL CO., LTD.) was bonded to the opposite
surface of the polishing layer from the grooved surface using
20 a laminator. The surface of a corona-treated cushion sheet
(Toraypef, a polyethylene foam, 0.8 mm in thickness,
manufactured by Toray Industries, Inc.) was also buffed and then
bonded to the double-sided adhesive tape using a laminator. A
double-sided adhesive tape was further bonded to the other

25 surface of the cushion sheet using a laminator, so that a
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polishing pad was obtained.
[0082]

Examples 2 to 11 and Comparative Examples 1 to 3 and 7

Polishing pads were prepared by the same method as in
Example 1, except that the formulations shown in Tables 1 and
2 were used instead. In each of Examples 2 to 11, the polishing
layer had a sea-island structure including island and sea
components, in which the island component had a circular shape.
In each of Comparative Examples 1 to 3 and 7, the polishing layer
did not have any phase-separated structure.
[0083]

Example 12

Isocyanate-terminated prepolymers (A) and (B) were
obtained by the same method as in Example 1. In a planetary
mixing/defoaming machine, 25 parts by weight of the prepolymer
(A) and 75 parts by weight of the prepolymer (B) were mixed and

defoamed. Subsequently, 20.4 parts by weight of

4,4"'-methylenebis (o-chloroaniline), which had been previously

melted at 120°C, was added to the liquid mixture (NCO Index:
1.1) and mixed and defoamed in the planetary mixing/defoaming
machine, so that a polyurethane-forming raw material

composition was obtained. The composition was poured into an
open mold (casting vessel) 800 mm in length and width and 2.5
mm in depth, and subjected to post curing at 100°C for 16 hours,

so that a non-foamed polyurethane sheet was obtained.
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Subsequently, the surface of the sheet was buffed using a
buffing machine (manufactured by AMITEC Corporation) until its
thickness reached 1.27 mm, so that a sheet with regulated
thickness accuracy was obtained. The buffed sheet was stamped
5 into a piece with a diameter of 61 cm. Concentric circular
grooves with a width of 0.25 mm, a pitch of 1.50 mm, and a depth
of 0.40 mm were formed on the surface of the piece using a
grooving machine (manufactured by Techno Corporation), so that
a polishing layer was obtained. The surface of the polishing
10 layer had a sea-island structure including island and sea
components, in which the island component had a circular shape.
Subsequently, a polishing pad was prepared by the same method
as in Example 1.
[0084]
15 Comparative Examples 4 to 6
Polishing pads were prepared by the same method as in
Example 12, except that the formulations shown in Table 2 were
used instead. In each of Comparative Examples 4 to 6, the
polishing layer did not have any phase-separated structure.
20 [0085]
Comparative Example 8
To a vessel were added 1,081 parts by weight of toluene
diisocyanate (a mixture of
2,4-diisocyanate/2,6-diisocyanate=80/20), 136 parts by weight

25 of 4,4'-dicyclohexylmethane diisocyanate, 1,333 parts by
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weight of polyethylene adipate glyccl with a number average
molecular weight of 1,000, 950 parts by weight of
polytetramethylene ether glycol with a number average molecular
weight of 1,000, and 99 parts by weight of diethylene glycol,
and allowed to react at 70°C for 4 hours, so that an
isocyanate-terminated prepolymer (C) was obtained.

To a polymerization vessel were added 100 parts by weight
of the prepolymer (C) and 3 parts by weight of a silicone
surfactant (B8465, manufactured by Goldschmidt Chemical
Corporation) and mixed. The mixture was adjusted to 70°C in
the vessel and defoamed under reduced pressure. Subsequently,
the reaction system was vigorously stirred for about 4 minutes
with a stirring blade at a rotational speed of 900 rpm so that
air bubbles were incorporated into the reaction system. To the
reaction system was added 25.1 parts by weight of
4,4'-methylenebis (o-chloroaniline) (NCO Index: 1.1), which
had been previously melted at 120°C. The liquid mixture was
stirred for about 70 seconds and then poured into a loaf-shaped
open mold (casting vessel). At the point when the liquid
mixture lost its fluidity, it was placed in an oven, and
subjected to post curing at 100°C for 16 hours, so that a
polyurethane foam block was obtained. Subsequently, a
polishing pad was prepared by the same method as in Example 1.

The polishing layer did not have any phase-separated structure.
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Pol yt etranet hyl ene ether glycol (parts by weight) D ethylene glycol (parts
by weight) Prepolyner (A) (parts by weight) Prepolyner (B) (parts by
wei ght) Prepolynmer (C) (parts by weight) H4,4" -nethylenebis(o
-chloroaniline) (partsbyweight) xePoT ODN Silicone surfactant (parts by
wei ght) Oxycarbonyl group content (wt% Foamed or non-foaned Presence or
absence of phase-separated structure Average maxi mum | ength (pn) of island
conponent Average cell size (Pm D hardness (degrees) Specific gravity
Average pphdsdy ng rate (knin) Dishing (step height) (A) Scratches (/wafer)
Prepolymer (A) ., R- U 5-1 g,
It is apparent from the results in Table 1 that the
polishing pad of the invention provides a high level of
polishing rate and planarization property and is less likely

5 to cause scratching on the surface of a wafer.

DESCRIPTION OF REFERENCE SIGNS
[0089]
In the drawings, reference numeral 1 represents a
10 polishing pad (polishing layer), 2 a polishing platen, 3 a
polishing agent (slurry), 4 a material being polished
(semiconductor wafer), 5 a support (polishing head), and 6 and

7 each a rotating shaft.
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s-1ka- oa Cr, -,cooal cn-i W> aCLI a [0088] It is apparent
fromthe results in Table 1 that the polishing pad of the invention

provi des a high | evel of polishing rate and planarization property and is
less likely 5 to cause scratching on the surface of a wafer. DESCRI PTI ON OF
REFERENCE SI GNS [0089] In the drawi ngs, reference nuneral 1 represents a 10
polishing pad (polishing layer), 2 a polishing platen, 3 a polishing agent
(slurry), 4 a material being polished (sem conductor wafer), 5 a support
(polishing head), and 6 and 7 each @ xgiating shaft. CLAIM

1. A polishing pad having a polishing layer,

the polishing layer comprising a product of curing
5 reaction of a polyurethane-forming raw material composition
containing: (A) an isocyanate-terminated prepolymer obtained
by reaction of a prepolymer-forming raw material composition
(a) containing an isocyanate component and a polyester-based
polyol; (B) an isocyanate-terminated prepolymer obtained by
10 reaction of a prepolymer-forming raw material composition (b)

containing an isocyanate component and a polyether-based
polyol; and a chain extender, wherein the product of curing

reaction has a phase-separated structure.

15 2. The polishing pad according to claim 1, wherein the
phase-separated structure has island and sea components,
wherein the island component has an average maximum length of

0.5 pym to 100 pm.

20 3. The polishing pad according to claim 1, wherein the
total content of an oxycarbonyl group constituting the
polyester-based polyol is from 8 to 43% by weight based on the
total weight of high-molecular weight polyols in the
prepolymer-forming raw material compositions (a) and (b).
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1. A polishing pad having a polishing | ayer, the polishing | ayer conprising
a product of curing 5 reaction of a pol yurethane-formng raw nateri al
conposition containing: (A an isocyanate-term nated prepol yner obtai ned by
reaction of a prepolyner-formng raw material conposition (a) containing an
i socyanat e conponent and a pol yester-based polyol; (B) an

‘i socyanate-terni nated ' prepol yner- obtained by 10 reaction of a

prepol yner-form ng raw materi al conposition (b) containing an isocyanate

conponent and a pokygthefrbased ol woloo and Acehal §i8xt eRdeine Whenei n t he
product of curing reaction has a phase-separated structure. 152. The

pol i shi ng, pad According g16bai 11 Le WOegelghd hepbaser separaled shpuct ur e

has isla Sea comnpohen erein the 1sland conponent has an average

Tra mim e ok BRI AT o0 e g e e D 1

claim1l, Wher i n al” co n oxycarbony up“constituting the

pol yest er-hased palyol, is from.8.to 43% by wei ght. sed.on the total weight
of hi gh- D lé)c%earq Glodﬁt a;%jl ?&lghier?a%e{%ﬁﬁgﬁoel %%élp%%oer (r%ilﬁ/%orlaw mat eri al
conpositions (a) and (b). 25 4. The polishing pad according to
claiml, wherein the pol yester-based polyol is at |east one selected from

the group consisting of polyethylene adi pate glycol, polyhutylene adipate
gl ycol , and pol5yhe§gﬁe@ %%Je'"‘%d?aﬁglaécﬁlr%é&g. gg cPainPy, g”.t}‘el’%r/?e”bglhieshi ng
pad according to claim1, wherein the polyether-based polyol .is

pol yt et r MRS e Patseel Pgilyedl 1s polytetragetRykerRod HEr Mdiact uring a
sem conduct or device, 10 conprising the step of polishing a surface of a
sem conduct or wafer using the polishing pad according to claim1.

6. A method for manufacturing a semiconductor device,
10 comprising the step of polishing a surface of a semiconductor

wafer using the polishing pad according to claim 1.

45



