SPECI FI CATI ON PCLI SHI NG PAD AND METHOD FOR PRODUCI NG SAME TECHNI CAL FI ELD
[ 0001] The invention relates to a polishing pad capabl e 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 al um num substrates for a hard disc
and a product of general netal polishing with stability and a high
pol i shing efficiency. A polishing pad of the invention is preferably

enpl oyed, especially, in a planabPPEaiFéRASEEY of a silicon wafer or a
device on which an oxide |ayer or a netal |ayer has been fornmed prior to
further stacki ng ROLOSHING| BxBr ANP HMEREOR| FORY BRODHEINGNSABBCKGROUND ART

[ 0002] Typical 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
waf er shookdubecAtatrtened hi ghly accurately in a process of producing IC
LSI etc., in order to provide reliable sem conductor connections for
various ¢@abings used in manufacturing the circuits. In the step of
polishing finish, a polishing pad is generally stuck on a rotatable

supporting di skrical | £¢e gt PHAL £812¥BL! @oaawgékrggﬁgﬁgs%ga aspap senhgonduct or
wafer is stuck on a polishing head. By novenent of the two, a relative

speed is Qéfﬁéﬁ%Eﬂ%QE&MEEKEééﬁ%xﬁl%%Qﬂa@@ﬁiéf@J£§§Jf¥¥n@3ahﬁ%ﬁl%@Ekgce

polishing slurry having abrasive grains is continuous supplied to the

p0|i5hingpfggarigyegagﬁta90£b§9E99 8598§§§hggincluding a lens and a

reflecting mirror, a silicon wafer, a glass substrate or an
aluminum substrates for a hard disc and a product of general
metal polishing with stability and a high polishing efficiency.
A polishing pad of the invention is preferably employed,
especially, in a planarization step of a silicon wafer or a
device on which an oxide layer or a metal layer has been formed
prior to further stacking an oxide layer or a metal layer

thereon.

BACKGROUND ART
[0002]

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

provide reliable semiconductor connections for various



[ 0003] As polishing characteristics of a polishing pad, it is
requested that a polished object is excellent in planarity and w thin wafer
non-uniformty and a polishing rate is large. A planarity and w thin wafer
non-uniformty of a polished object can be inproved to sone extent with a
polishing layer higher in elastic nodulus. A polishing rate can be bettered
by increasing a holding quantity of a slurry on a foamwth cells therein.
[0004] A polishing pad conprising a non-foaned synthetic resin or a
pol i shi ngcpadingapuisingn angol farethame floamhasiideen proposedtas af
pol i shing pad satisfying the above properties (Patent Docunents 1 and 2).
[0005]  polishibmgvéiniwhenaappdlisshnggppddisogpnesangyasfoain o8 ased,
there is a problemsuch that scratches (flaws) are likely to occur on the
surface teobetppleshegdpott angobjeetcdlde Ppaellisshed bedaese whekpoatact area
between the object to be polished and the polishing pad becormes snaller and
| ocal surfagr 4 essemecbesesesr higher is[ 9006k on a polishing head. By

movement of the two, a relative speed is generated between the

platen and the polishing head while polishing slurry having

abrasive grains is continuously supplied to the polishing pad,

to effect polishing processing.

[0003]

As polishing characteristics of a polishing pad, it is

requested that a polished object is excellent in planarity and

within wafer non-uniformity and a polishing rate is large. A

planarity and within wafer non-uniformity of a polished object

can be improved to some extent with a polishing layer higher

in elastic modulus. A polishing rate can be bettered by

increasing a holding quantity of a slurry on a foam with cells

therein.

[0004]

A polishing pad comprising a non-foamed synthetic resin

or a polishing pad comprising a polyurethane foam has been

proposed as a polishing pad satisfying the above properties

(Patent Documents 1 and 2).

[0005]

However, when a polishing pad comprising a foam is used,

there is a problem such that scratches (flaws) are likely to



On the other hand, when pl anarization process of a | arge nunber of

sem conductor wafers is perfornmed using a polishing pad, a fine uneven
portion of the surface of the polishing pad is worn to deteriorate the
performance of supplying a slurry to the processed surface of the

sem conductor wafer, to decrease the polishing speed, or to worsen the

pl anari zation characteristics. Therefore, after having perforned the

pl anari zation process of a predeterm ned nunber of sem conductor wafers, it
i s necessacyut o ehewsnofighert q theessl nghetihef sur bagecofte e pollishiedg pad
using a dresser. When dressing is carried out for a predeterm ned period of
ti me, uncoastabéelfé rentnerenrparkbéonscrarthepbbdecedtorbd e lsiwfeacandf the
pol i shing pad, so that the surface of the polishing pad becones fluffy.

[0007]  the pdltomventponaledonesd eatmd qaolabnshildgapadub@@sce prebkamesuch

that a cut rate is low at the tinme of dressing and such dressing takes too
much ti nepePRLOR ARTLDECUVENTS PATENT DOCUMENTS [ 0008] Pat ent Docunent 1:
JP- A-2006- 110665 Patent Document 2: JP-B2-4128606 SUMMARY OF THE | NVENTI ON

[0006]

On the other hand, when planarization process of a large
number of semiconductor wafers is performed using a polishing
pad, a fine uneven portion of the surface of the polishing pad
is worn to deteriorate the performance of supplying a slurry
totheprocessedsurfa@eofthesemiconductorwafer,todecrease
the polishing speed, or to worsen the planarization
characteristics. Therefore, after having performed the
planarization process of a predetermined number of
semiconductor wafers, it is necessary to renew/roughen
(dressing) the surface of the polishing pad using a dresser.
When dressing is carried out for a predetermined period of time,
uncountable fine uneven portions are produced on the surface
of the polishing pad, so that the surface of the polishing pad
becomes fluffy.

[0007]

A conventional non-foamed polishing pad has a problem

such that a cut rate is low at the time of dressing and such

dressing takes too much time.

PRIOR ART DOCUMENTS



PROBLEMS
present i

TO BE SCOLVED BY THE | NVENTI ON [ 0009] An objective of the

nvention is to provide a polishing pad that hardly causes

scratches on the surface of an object to be polished and has an i nproved

dr essi ng

property, and a nethod for producing the same. MEANS FOR SOL

THE PROBLEMS [ 0010] As a result of investigations to solve the
the inventors have found that the objects can be achieved with

pr obl ens,

t he polishing pad described bel ow, and have conpl eted the invention.

That is,

PABENT eBE@AUMENYENti on rel ates to a polishing pad having a

polishing |ayer conprising a non-foaned pol yurethane, wherein
non- f oanme@dopoByuret hane is a reaction cured body of a pol yurethane raw

mat eri al

conposition containing:
Patent Document 1: JP-A-2006-110665

Patent Document 2: JP-B2-4128606

SUMMARY OF THE INVENTION
PROBRLEMS TO BE SOLVED BY THE INVENTION
[0009]

An objective of the present invention is to provide a
polishing pad that hardly causes scratches on the surface of
an object to be polished and has an improved dressing property,

and a method for producing the same.

MEANS FOR - SOLVING THE PROBLEMS
[0010]

As a result of investigations to solve the problems, the
inventors have found that the objects can be achieved with the
polishing pad described below, and have completed the
invention.

[(0011]

That is, the present invention relates to a polishing pad

having a polishing layer comprising a non-foamed polyurethane,

wherein

VI NG

[ 0011]

t he

the non-foamed polyurethane is a reaction cured body of

a polyurethane raw material composition containing:



an isocyanate-term nated prepol yner A obtained by reacting a prepolyner A
raw material conposition containing a diisocyanate, a hi gh-nol ecul ar-wei ght
pol yol (a) and a | ow nol ecul ar - wei ght pol yol ; an

i socyanate-term nated prepol yner B obtained by reacting a prepolynmer B raw
mat eri al conposition containing an isocyanate-nodified body polynerized by
adding three or nore diisocyanates and a hi gh-nol ecul ar-wei ght pol yol (b);
and a chain extender; and t he additi on anount of the

i socyanat e-t er mmat edc paepot yrermBnase8 poe0OlpmetsAbypbweightl Wyt h respect
to 100 parts by weight of the isocyanate-term nated prepolyner A [0012]
The presenéathyentd @rd Igharant ehvzest by doradmeo i pobh STumg draiyey awi th a
non- f oaned pol yurethane. It is possible to thereby effectively suppress the
occurrencgi 0bo&¢aR4 €ALSa ORi gRSnsWELacartaehgnpobbshed hegause khe contact
area between an object to be polished and a polishing | ayer becones |arger

and surfaggwpm§§§@ﬁga§p@éi§gttgog g1object to be polished becones | ower and
uni form [0013] Further, the present inventors have found that the

surface of the poljs :Q&Q@Q—J&énﬁ@ﬁé{é{df?PQ%QyﬁéEaESSbiggHEér pyNtroduction
of chem cal crosslinking into a polyner (regular formation of a

three-di ”ﬁ@&%ﬁgﬁ aéé?%%é%?h%% ﬁtfa%%.rt%)kigﬁ éo?ﬁgﬁflziomc&pceairrﬁa& Lan

bet ween the a conplnation o e |1 socyanat e-term nat ed

prepol yner A and_the |so e-termn d_pr, I r_ B.as the ngn-foaned
Dol yur ot hAREC T AT Hat Tt L B eeY S hORe f batec polarer st RARS heranand
brittle to.,allowthe cut rate at, the ti of dressing.to,increase., Also, a
chen cal 1§ EPOSEPTAkd HBLvBr k- A G5 ERBRAST By U8 Ag OtheSd B nds. of
prepol yners. Thus, brittleng§s in the entire surface of the polishing |ayer
can be made uni? o8 ¥ hatIShf i @tfon in abrasion can be suppressed. In
addi tion, prepolynerization of the isocyanate-nodified body serving as a
three-dinensioh%@ec@%%%?%%%i?@P%%ﬁp%ﬁeﬁ%enﬁﬁ%gyéﬁ?5§fﬁﬁﬁFlBFtFﬁe nol ecul ar
wei ght of the pol yurethane easy, and this makes it possible to prevent
excessi vePERPRtYRRESS1 810 £RE DEPYHAR Natte BridVpEBvitRPedngerl 19 Perse t he

pad.
by weight of the isocyanate-~terminated prepolymer A.

[0012]

The present invention i1s characterized by forming a
polishing layer with a non-foamed polyurethane. It is possible
to thereby effectively suppress the occurrence of scratches on
the surface to be polished because the contact area between an
object to be polished and a polishing layer becomes larger and
surface pressure applied to the object to be polished becomes
lower and uniform.

[0013]

Further, the present inventors have found that the
surface of the polishing pad is easily renewed because regular
introduction of chemical crosslinking into a polymer (regular

formation of a three-dimensional crosslinked structure) as a



[ 0014] The hi gh-nol ecul ar-wei ght polyol (a) is preferably a

pol yet her polyol having a nunber average nol ecul ar wei ght of 500 to 5000,
and the diisocyanate is preferably toluene diisocyanate and

di cycl ohexyl net hane dii socyanate. In addition, the high-nol ecul ar-wei ght
polyol (b) is preferably a pol yether polyol having a nunber average

nol ecul ar wei ght of 250 to 2000, the isocyanate-nodified body is preferably
a hexanet hyl ene diisocyanate-nodi fi ed body of isocyanurate type and/or

bi uret typesuahdofthéhesoeyanabe- betwerat étheprepdhy rertcBdies phef erably a
prepol ymer synthesized at an NCO index of 3.5 to 6.0. By using these
subst ancespmainani baaved poliywegiamane -carriie et peed owyhb rgeathd the

handl eability and the effect of the present invention beconmes nore

excel l entisb80dbkte-termihbtkd peepssamkrt @ add thet @030 rRAMLS by wei ght of
the i socyanate-term nated prepolynmer B with respect to 100 parts by wei ght

of the isgsyanatentaEn-Aat RdcR-eRQ! ¥ARE sAcnWheRLIe addi %b%u%%%eof the
i socyanate-termi nated prepolyner Bis less than 5 parts y Wweight, it

becones difficihd B0 Sufd | 't%' g@mo gﬁéecwefaw fto %y&fr gthane prittie

because the ratio of the chemcal crosslinking in e polymer is

| nsuf i ci ppt s, Opotbe OLEL, hapd.y Whenai eéfgggf%ﬁ cRALLS, b kwggrghg

scratches are y t o occur e surface o ob ect e po?lshed

because t i th h sllnkl ol yne becones
oxcosst ve ShERS Rk fegt B Re cRon T e 8&8?@%/&%55 Pekhgs t oo

hi gher. [0016 n_addition, the_ non-f yur.et hane has
preferablbrja#%%ﬂ%? Dlﬁa?la%e%%tjo?éfﬁiﬂf%a%% %‘g}qgeeéjpgm e 2ASKef D
hardness js | ess than 65 degrees, the planarity of the object to be

ol | Shed RS BbECFBa ANt THE GLtHon RS W oPod S GPEREEE  han 80
degrees, the planarity is 9ood but the in-plane uniformty of the object
to be pol {2 ﬁ%ﬁ“ﬁéﬁﬂb Pb6eBe V@@Héééthﬁ‘é@&b@lbﬁpcﬁ%ﬂ%&?ﬂﬂ¥§¥é?€ﬂﬁﬁpéyl|ker

to occur on the surface of the object to be polished.
serving as a three-dimensional crosslinking component makes

adjustment of the molecular weight of the polyurethane easy,
and this makes it possible to prevent excessive brittleness of
the polyurethane and provide longer life of the pad.

[0014]

The high-molecular-weight polyol (a) is p;eferably a
polyether polyol having a number average molecular weight of
500 to 5000, and the diisocyanate is preferably toluene
diisocyanate and dicyclohexylmethane diisocyanate. 1In
addition, the high-molecular-weight polyol (b) is preferably
a polyether polyol having a number average molecular weight of
250 to 2000, the isocyanate-modified body is preferably a
hexamethylene diisocyanate-modified body of isocyanurate type
and/or biuret type, and the isocyanate-terminated prepolymer

B is preferably a prepolymer synthesized at an NCO index of 3.5



[ 0017] Further, fromthe viewoint of bal ance between renewability
of the pad surface and |life extension of the pad, the cut rate of the
polishing pad of the present invention is preferably nore than 1 pnmfmnute
and 2 pnmimnute or |less. [0018] Mor eover, the present invention
relates to a method for producing a polishing pad, conprising the steps of
m xing a first conponent containing 5 to 30 parts by weight of an

i socyanate-term nated prepol yner B obtained by reacting a prepolynmer B raw
mat eri al tonpoBi t ilpn ucompaikheng anb $ sacyanatae odifdaeddbpdy ypokyhenezed by
adding three or nore diisocyanates and a hi gh-nol ecul ar-wei ght pol yol (b)

W th respeah ho dffpasd svimh weloghhaatil aabii dacyanad echeram fatted fprapol yner
A obt ai ned by reacting a prepolyner A raw material conposition containing a
di i socyanpteseat highiefiol eaubatomesghibrpokyeklfahtand a | ow nol ecul ar - wei ght
polyol, wmth a second conponent containing a chain extender; and curing the
m xture tooprgpare a non-foanmed pol yurethane. [0019] The i nvention
is also related to a nmethod for manufacturing a seniconductor devi ce,

including the siep; 9f ,poLishipgra syhfacesokpaps GE?dwéigﬁt“@feEh@S'ng
t he polishing pad. BRI EF DES IPT ON OF THE Fig. 1

s 2 schemeti.coflagramyanaung A Lypl oAl POl % .tou“i?g) Fause In O

pol i shi ng; s a matic di agram show ng oints on a

Vel er at' GGl of, whch, LN 1)L SKIGRS, 15 TESHE 3G ORE R, CAREY NG

OUT THE |

addition amount of the isocyanate-terminated prepolymer B is
less than 5 parts by weight, it becomes difficult to
sufficiently make the non-foamed polyurethane brittle because
the ratio of the chemical crosslinking in the polymer is
insufficient. On the other hand, when it exceeds 30 parts by
welght, scratches are likely to occur on the surface of the
object to be polished because the ratio of the chemical
crosslinking in the polymer becomes excessive and the hardness
of the non-foamed polyurethane becomes too higher.
[0016]

In addition, the non-foamed polyurethane has preferably
an Asker D hardness of 65 to 80 degrees. When the Asker D
hardness i1s less than 65 degrees, the planarity of the object
to be polished tends to be reduced. On the other hand, when
it is greater than 80 degrees, the planarity is good, but the
in-plane uniformity of the object to be polished tends to be
reduced. In addition, scratches are more likely to occur on

the surface of the object to be polished.



[ 0021] The polishing pad of the invention includes a polishing |ayer
i ncl udi ng a non-foaned pol yurethane. The polishing pad of the invention may
be only the polishing |layer or a | am nated body of the polishing | ayer and
any other |ayer (such as a cushion layer). [0022] Pol yuret hane is a
preferred material for formng the polishing | ayer, because pol yurethane is
excel l ent in abrasion resistance and polyners wth desired physical
properties can be easily obtained by varying the raw naterial conposition.

[ 0023] [0017The non-foanmed pol yurethane is a reaction cured body of a

pol yuret hane raw material Conposition containing an isocyanate-termnm nated
prepol ymer A obrartiedrpyrreacthagvaeppepot yoerbAlsave mateweéah conposi tion
containing a diisocyanate, a high-nol ecul ar-wei ght polyol (a) and a

| ow- ol ecubaew¥Bi ghty PO padnshspgyanale-1tigentRatedi phepplepal,

obtai ned by reacting a prepoFyner B.rawmat eri al conposition containing an

i socyanat engodhf i eft body tpel yorE kB bYaaddi nhd HRe R MRRRndiiicp0g¥anat es
and a hi gh-nol ecul ar-wei ght polyol (b); and a chain extender. [0024]

As the di] , o] n ip_t fie yur.e e can be
used mﬁth%%?%%ggﬁﬁgunggl?ﬁ?ﬁa?igﬁ?mgﬁggfs%@?a%a%ﬂ/ﬁ%%%ﬁérH%n%?%%és, for
exanpl e, 5gg§§ic di i socyanates such as 2, 4-tol uene diisocyanate,
2,6-toluene difsocyanate, 2,2'-diphenyl nethane diisocyanate, 2,4'-diphenyl
methane diisocygnale, 4. 4pdiphenyl. methane di bspoyanale., h9ypaphipal ene
di i socyanate, p-p eny?ehe d?lsocyana e, n}pﬁeny ene allsocyanate,

p- xyl yl ene_di.i socyanat e anﬁ.n}Xélglene diisocgaggte al i phatic._.

di i socyanBF8EUSHEH AsPREhyl'ald HRf'socyaRat &g, BlY- PFFREL Ry Mixing a
hexanethylenediisoc%anate and1,67hexgneth ene diisocyanat e, ﬁnd
cycl oal i phat Pt gPTRERGAhatBeteuih ds>154- bc?%ﬁ@?aﬁ@ %?%gﬁEya afg,

4,4' -di cycl ohexyl nethane diisocyanate, isophorone dijsocyanate and

nor bor nan&Saryadelanagenirpbee Raghelvded 4l 8Re2oredsPy RPXELLRIOP two or
more thereof. Anobng the above isocyanate nononers, toluene diisocyanate and
di cycl oheRyERRLHARAE Bi F30cHARGE é2ar eOpPerer4BlycasedlRANgoABi nati on. [ 0025]

isocyanate-modified body polymerized by adding three or more
diisocyanates and a high-molecular-weight polyol (b) with
respect to 100 parts by weight of an isocyanate-terminated
prepolymer A obtained by reacting a prepolymer A raw material
composition containing a diisocyanate, a
high-molecular-weight polyol (a) and a low-molecular-weight
polyol, with a second component containing a chain extender;
and curing the mixture to prepare a non-foamed polyurethane.
[0019]

The invention is also related to a method for
manufacturing a semiconductor device, including the step of
polishing a surface of a semiconductor wafer using the polishing

pad.



As used herein, the term'isocyanate-nodified body' refers to any of

pol yneri zed conpounds produced by addition of three or nore nol ecul es of
di i socyanate, or refers to a m xture of the conmpounds. For exanple, the

i socyanat e-nodi fi ed body maybe of (1) trinethyl ol propane adduct type, (2)
biuret type, (3) isocyanurate type, or the like. In particular, the

i socyanurate type or the biuret type is preferred. [0026] In the

i nvention, the isocyanate-nodified body is preferably produced using

al i phati cBHIEsoDyanRI BTI6PeOkf THAI DRATIBSAexanet hyl ene dii socyanate. The

i socyanate-nodi fi ed body may al so be a nodification such as a

ur et hane- podpbied, allophanate-nodified, or biuret-nodified body. [0027]
As t he hi gh-nol ecul ar-wei ght polyol (a) and (b), those usually used in the
art of polyurethage icap decaxasplicldesyrixamhasd hergofcd npbudenpalgyet her
pol yol s represented by pol ytetranethyl ene ether glycol and pol yet hyl ene

glycol; pebyestenspebyoliser epr eaenbedi byingl YhHbY! ene adi pate; polyester
pol ycar bonat e pol yols exenplified by reaction products of polyester glycol

such as pol ycapﬁ?%aCzt one, elekl)é LtQF PPLYLAPPlAGHENes 3 Al Kyhenggarbonat e;

pol yest er pol ycarbonate polyols obtained by reacting ethyl ene carbonate

w th polyyal entnaleonl candnbhe, [RachtBAnLDE §esHblantepeaction m xture
wi th an organi ¢ di carboxylic acid; and polycarbonate polyols obtained by
ester exchange reaction between pol yhydroxyl conpound and aryl carbonate.

These may be used singly or in conbination of two or nore kinds. [0028]

The nunbe e e a i.aht i gh-nol ecul ar - wei ght pol yol (a)
i s not pa&@ﬁ%u%ggl§£P#§§ﬁédéuﬁﬁ#gptIﬁgEgEg?grably 500 to 5000, and nore
preferabl¥ 1000 to 2000. If the nunber average nol ecul ar weight is |ess
than 500, 'PHethunber of hard segnment becones too many, resulting in giving
pol yuret hane with | ow t oughness, On the other hand, if the nunher average
mol ecul ar wei ghtPe Lok 1 HaRsDO6, thRet POt @R ndiel WD fes°td6 48Pt and a

pol i shing pad nade fromthe pol yuret hane tends to have poor planarization
propertieéayﬁgggg}luding a non-foamed polyurethane. 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).

[0022]

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.
[0023]

The non-foamed polyurethane is a reaction cured body of
a polyurethane raw material composition containing an
isocyanate-terminated prepolymer A obtained by reacting a
prepolymer A raw material composition containing a diisocyanate,

a high-molecular-weight polyol (a) and a low-molecular-weight



The nunber average nol ecul ar wei ght of the high-nol ecul ar-wei ght polyol (b)
is not particularly limted, but it is preferably 250 to 2000, and nore
preferably 250 to 650. If the nunber average nol ecul ar weight is |less than
250, the abrasion resistance is reduced and the |ife extension of the pad
tends to becone difficult. On the other hand, if the nunber average

nol ecul ar wei ght exceeds 2000, the renewability of the pad surface at the
time of dressing tends to be deteriorated. [0030] The

| ow nol ecpib By o ei ght 1 pot yaha ts-aaressened apreawl paeer Babbfaineteby

i socyanate-term nated prepol yner A Exanples of the | ow nol ecul ar - wei ght
pol yol i ncdauchei ed hypbespogimeel B rhw2mpt epybéneomgby<ot i od B mradpyirenengl ycol ,
1, 2- but anedi ol , 1, 3-butanedi ol, 1, 4-butanediol, 2,3-butanediol,

1, 6- hexanggh ®banseopeed i gl ysedy do Beyiel ohexanedidieichamdlee or more
3-nmet hyl -1, 5- pent anedi ol , diethyl ene glycol, triethylene glycol,

1, 4- bi s( 24 hysls oxyet hoxylbenz enegh thb I@EhYL Ol PEOGAREpOBLYLENBN; and a
1,2, 6-hexanetriol, pentaerythritol, tetramethyl ol cycl ohexane,

met hyl gl uc9s| de..sorbpitol, mannitol, dulcitol, sucrose,

2,2,6, 6-tetraki s(hydroxynet hyl ) cycl ohexanol, diethanol am ne,
N-nethyldLg@@ polanine, and triethanol am ne. One or nore of these polyols
may be used alone or in any conmbination. In addition, the

lOManleCU|ar_WE;giEJ%H%§%?§nE$€%f? q%gﬂéggngskgf%gg%?a{ﬁéi@kiﬁgro%he

i socyanate-termnated prepo cessary.

| ow- nol ecul ar - wei.ght pol yam ne such .as et hyl enedi.am ne, .tol.yl enedi.am ne,

di phenyl n%?ﬁ‘élﬁ%%?}g?ﬁl%e?a%%%iuest%é;Iwelnte Oru:ata ar%%lr%lylaa SO letautsleo 'asngg'r aw

material for the isoqﬁgnate-terfinatedfgregolﬁgﬁr A_and ?.conconitantly. An

al cohol ant FeCEMR- A" HRNBRE hinot 445 fe, T9F (92aPhGet AYPERTAG) et hanol , or

nonopr opanol am ne nay al so be used concom tantly. These Ea%e&igls may be
ry.

used al ondl bFCerRNdSFOTRCHT 2% hest™ hay 1 BReudedSeb¥eBrFEan PoYScf

diisocyanate, 2,2’-diphenyl methane diisocyanate,

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
diiéocyanates 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,
isophorone diisocyanate and norbornane diisocyanate. These
may be used alone or as a mixture of two or more thereof. Among
the above isocyanate monomers, toluene diisocyanate and
dicyclohexylmethane diisocyanate are preferably used in
combination.

[0025]
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The amount of the | ow nol ecul ar-wei ght pol yol, the | ow nol ecul ar-wei ght.
pol yam ne, or the like is, although not limted particularly, preferably
from10 to 25% by nole, based on the amount of full active hydrogen

gr oup-cont ai ni ng conpounds used as raw materials for the

i socyanate-term nated prepolyner A while it may be appropriately

det erm ned dependi ng on the desired properties of the polishing pad
(polishing layer) to be produced. [0033] When t he

i socyanat e-t er mnatedd phepei yperh8 tsrpreépapeganthe-imsddyardt bongdi fi ed
body and the hi gh-nol ecul ar-wei ght polyol (b) are preferably m xed in such
a manner tbaérshe NGO bAdexl fradt 5zad tdrinpdureld grgeluekd3od dddH: Thn Er e
preferably within the range of 4.0 to 5.5. [0034] A chai n ext ender

i's an or geni&e GANREUBUnOBYERNTe dlof BASEobYWaNnACE, VEr MEHQUEROGY QURS wakd
exanpl es of the active hydrogen group include: a hydroxyl group, a primry

Or Secondaf yr @ A% Gis . a fdy @xa@fﬁl‘éo o) gl the dd-k@qiGaner elaly
exanpl es of the chain extender include: polyan nés such as

9,4 -met hM%?Q#‘é%%( g%{‘éﬁ;ﬁ?&?'wﬁ%ém adafsdiGRleor 02 piphenwl egedi am ne,

4, 4' - met hyl enebi s( oani11 ne

SR ERE I LT @R %ZSF%ﬂ%ﬂ% Like: o 0BT GALa o 5PS) ami ne.

3, 5-di ethyltol uene-2, 6-di am ne r hyl gl.yc m nobenzoat e,
po|ytetra%e%%y?e%aaﬁi.aépa.Or Kb BBgh o sarapet R

4, 4" - dl&g}ﬁ@2§] , 5, 5'-tetraethy|d|phenylnethane

4 4' -di a dllsopropyl 5. 5" -di met hyl di phenyl net hane, 4
-di am no- 3, 3' -t et rai sopropy]| di phenyl net hane,

1 2-bi s( 2- anlndBﬁe ?th?%?%?h Re, XL Esocyanate modified body is

4,4'-d|an1no 3,3 -diethyl-5.5"-di net hyl di phenyl net hane,

N, N -di - S%Ee%%¥??lﬂ EfoﬂPﬁﬁ?nBﬁﬁéﬂyﬁﬁéPﬁéﬁéc diisocyanate,

3,3 -di ethyl -4, 4" -di am nodi phenyl net hane, m xyl yl enedi am ne,

N, N -di - %@e%ny¢ablbhén?f@ﬁéamaﬁﬁﬁéenﬁ}6héﬁ9P§ﬁ@éF§ﬁlﬁﬁh%nd

p- xyl yl enedi am ne; the | ow nol ecul er-wei ght pol yol; and the

| ow nol ecubaeyed ghtnpal §aaf neodThea  idise @ﬁtéw@@déf@@@ti©heﬁﬂdbdveanay be

used either alone or in mxture of two kinds or nore.

urethane-modified, allophanate-modified, or biuret-modified.

body.
(0027]

As the high-molecular-weight polyol (a) and (b), those
usually used in the art of polyurethane can be exemplified.
Examples thereof include polyether polyols represented by
polytetramethylene ether glycol and polyethylene glycol;
polyester polyols represented by polybutylene adipate;
polyester polycarbonate polyols exemplified by reaction
products of polyester glycol such as polycaprglactone polyol
or polycaprolactone and alkylene carbonate; polyester
polycarbonate polyols obtained by reacting ethylene carbonate

with polyvalent alcohol and the reacting the resultant reaction

11



[0035] It is necessary to add 5 to 30 parts by weight, preferably 5 to 20
parts by weight, of the isocyanate-term natedprepolyner B wth respect to
100 parts by weight of the isocyanate-term nated prepolymer A Further, in
order to obtain polishing pad having desired polishing properties, the
nunber of isocyanate groups in the prepolyners is preferably from0.8 to
1.2, nore preferably from0.99 to 1.15 per the nunber of active hydrogen
groups (hydroxyl groups and/or am no groups) in the chain extender. If the
nunber ofmisbeyanat eh grroupsydrsi ouwtigiaddarhel rarge,d;i rewf ppdiyentrboneitrg coul d
occur so that the required specific gravity or hardness could not be

achi eved, pahychst eintdsitheddegr easert hechehpshirrgcpriopebtiesen[ 0036]

In addition, the isocyana be- term nated prepol yners A and B each having a
nunber aves agieyabbegul asmpeight andl abpltcd006n i ve 800G e npryeber abke
because they have excellent processability, physical properties and the

like. [003¥}gly or ifheomennheasrdopotyyrerhapeci sipuef erably produced by

melting method in view of cost, working environnment and so on, while it may
be producegypy; application of any known urethane foanm ng techniques such as
mel ting method and sol ution techni que. Various additives maybe m xed; such

as a stabilizerpjpchuding ap.antioxbdanhiaa LUBEheapt. tacpigment, a filler,

an antistatic agent and others.
high-molecular-weight polyol (a) is not particularly limited,

but it is preferably 500 to 5000, and more preferably 1000 to
2000. TIf the number average molecular weight is less than 500,
the number of hard segment becomes too many, resulting in giving
polyurethane with low toughness. On the other hand, if the
number average molecular weight is more than 5000, the
polyurethane becomes too soft and a polishing pad made from the
polyurethane tends to have poor planarization properties.
[0029]

The number average molecular weight of the
high-molecular-weight polyol (b) is not particularly limited,
but it is preferably 250 to 2000, and more preferably 250 to
650. If the number average molecular weight is less than 250,
the abrasion resistance is reduced and the life extension of
the pad tends to become difficult. On the other hand, if the
number average molecular weight exceeds 2000, the renewability
of the pad surface at the time of dressing tends to be
deteriorated.

[0030]
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[[0038] A known cat al yst pronoting pol yuret hane reaction, such as
tertiary am ne-based catal ysts, nay be used. The type and anobunt of the
catal yst added are determ ned in consideration of flowtime in casting in a
predeterm ned nold after the mixing step. [0039] Production of the
non- f oaned pol yuret hane may be in a batch system where each conponent is
wei ghed out, introduced into a vessel and m xed or in a continuous
production system where each conponent is continuously supplied to, and
stirred in, a sTheriog-appacalas-aatdlght ppbyuoet hanenr apsemtealakaw
conposition is transfered to produce nolded articles. [0040] A

manuf act unbhbgriet hag: efea a0l a0 g tEadhimeyc daeppepboyed A.n Baysples one of
whi ch an isocyanate-term nated prepolynmer A and B (a first conponent) are

put into grrenstien-messellathareghtepoayehaincextiendeny(ansegondol,
conponent) is mxed into the reaction vessel, the mxtue is agltated

thereafter bhg Bp¥iHhE L3yE8S! n@°p§oﬁ9h@n@‘b@y@o@re@ebebﬂkaﬁgd§bze to
t hereby prepare a bl ock and the biock 15 slicedwith a slicer like a pl aner

or a band; saw, @QHeHEo@”OEh@LbQEaH@BEBl'nztbebﬁkgﬁeeﬁoﬁaSt'ng into the
nmold, a thin sHeet may be dlrectly prodiced.” Besides, a’'still another way

e Aokt g0, LR i%ﬁ%%‘“ﬁ%%ﬁ'c 838@%&%%@9&%%? e rect 1y
in the Sh§peﬁ9%gze§h et %ggéého%,6glgo ggeae g%n@ n891¥%g§ﬁhg“e has

pr ef er abl ness o nore pre?erably 70

to 75 glycol, 1,4-bis(2-hydroxyethoxy)benzene, trimethylolpropane,

glycerin, 1,2,6-hexanetriol, pentaerythritol,
tetramethylolcyclohexane, methylglucoside, sorbitol,
mannitol, dulcitol, sucrose,

2,2,6,6~tetrakis (hydroxymethyl)cyclohexanol, diethanolamine,
N-methyldiethanolamine, and triethanolamine. One or more of
these polyols may be used alone or in any combination. In
addition, the low-molecular-weight polyol may also be used as
a raw material for the isocyanate-terminated prepolymer B if
necessary.

[0031]

A low-molecular-weight polyamine such as ethylenediamine,
tolylenediamine, diphenylmethanediamine, or
diethylenetriamine may also be used as a raw material for the
isocyanate-terminated prepolymer A and B concomitantly. An
alcoholamine such as monoethanolamine,

2-(2-aminoethylamino)ethanol, or monopropanolamine may also

13



degrees. [0042] A polishing pad (polishing layer) of the invention
is preferably provided with a depression and a protrusion structure for
hol di ng and renewing a slurry. Though in a case where the polishing | ayer
is formed with a non-foanmed body, which |acks in work to hold and renew t he
slurry, a depression and protrusion structure are preferably provided on
the surface of the polishing side thereof in order to achieve nore of

hol dability and renewal of the slurry or in order to prevent induction of
dechuck ebeonsed boeakageawntlan dijeect nad e g0a mshede Tisedshapeeobrt he
depression and protrusion structure is not particularly limted insofar as
slurry casnbeorehairsedfrandesenawedpeandeaxaoptesnitantiude | atticed grooves,
concentric circle-shaped grooves, through-holes, non-through-holes,

pol ygonal [ppksm cylinder, spiral grooves, eccentric grooves, radial
grooves, and a conbi nation of these grooves. The groove pitch, groove

width, groove thjgkngssnetss ahe DOL-RaLbbcubarlyiqhti pedysl | here and are
suitably determned to form grooves. These depression and protrusion

Structureé§ﬁ—m8§885@5 ywéEgggCQ@Y§Qﬂiﬁ§9u£@nh&yqjh&;i%heag%ﬁgw%hphb@h,

groove w , groove dept can al so be changed at each certain region

to make r?%‘%gé%%%?%“ﬁd@b fre%etya@agg%%ﬁa% &0 b89 mm%,gﬁgggq of

formng t n an rusion ructure is not particularly

limted, and_for_exanple Q ion_hy hanj c til i.th.a jig such
as a bite°Bf "BredlrEr 'ﬂgd%gﬁgg%C?%V%&P?@%O%?hcgg?ﬁﬁgggﬁgagﬁéPﬂg resinin a
cific surface s ormation.b resin.with a

nol d having a s ape, . f ressin
Teast v BPuBatRES dada M arrra e s st L B 1 P RR T AR Rt h A et
phot ol i t hography, formatjon by a prinpting neans, and formation by a |aser
| i ght usi35680é%ﬁe§aérlﬁgé%eo¥ttﬂ Y|Bﬁe?gF682£fateTy deRGropBErti ¢
limtation is placed on a thickness of a polishing | ayer, but a thickness
t her eof i 9<BBBULNG. 81t 612 ART1pPEf BFABPYT1e8 P6 516 R 1¥Re HePREd of
preparing the polishing layer of this thickness includes a nethod wherein a
bl ock of thelhshipeakercpol areeharedrs§eeut in predeternined thickness by a
slicer in a bandsaw systemor a planing system a nethod that involves
casting ré€PA3into a nold having a cavity of predeterm ned thickness and
curing the resin, a method of using coating techniques and sheet nol di ng
t echni ques, et cWhENO4B] isocyanate-terminated prepolymer B is prepared,
the isocyanate-modified body and the high-molecular-weight
polyol (b) are preferably mixed in such a manner that the NCO
index falls within the range of 3.5 to 6.0, more preferably
within the range of 4.0 to 5.5.
[0034]
A chaln extender is an organic compound having at least
two active hydrogen groups and examples of the active hydrogen
group include: a hydroxyl group, a primary or secondary amino
group, a thiol group (SH) and the like. Concrete examples of
the chain extender include: polyamines such as

4,4’ -methylenebis (o-chloroaniline) (MOCA),

2,6-dichloro-p-phenylenediamine,

14



The scatter of the thickness of the polishing |ayer is preferably 100 pm or
| ess. When the scatter of the thickness is higher than 100 pm | arge

undul ation is caused to generate portions different in a contacting state
with an object to be polished, thus adversely influencing polishing
characteristics. To solve the scatter of the thickness of the polishing

| ayer, the surface of the polishing |layer is dressed generally in an
initial stage of polishing by a dresser having abrasive grains of dianond
deposi t ed4pa’ fusedyl beeledn (2 pBtdi bhelpodbashihge) ayer outsi de of the range
descri bed above requires a longer dressing tine to reduce the efficiency of
producti oB, 5[0046hethylthids-2a, retbddentdsappressi ng the scatter of

t hi ckness, there is also a method of buffing the surface of the polishing

| ayer having-gipredeherahned-LhsckoessneBubhing,is conducted preferably

stepwi se by using polishing sheets different in grain size. [0047] A
polishing3pgddggtgygtgpygﬂgL9p4nayaﬁiﬁg,be a lam nate of a polishing | ayer
and a cushion | ayer adhered to each other. [0048] The cushion | ayer

conpensat gscf hSsthcg. ol ishipg,/hayer. The cushion |ayer
IS requir265f§§egg??§?%?%géb%fﬁ g%%ﬁgﬁ?Fy££§dégn¥fornity which are in a

t radeof f %fgggi?gﬁ?hpaﬁgng%ghzgggggr%g%%Fgggé@etgzﬁgﬁgness of a pattern

regi on upon” po g an object to b ing fine unevenness
gener at ed “P8Q—B?E£er”'f°£$32%89e and uniformty refers to the uniformty
0

of the whof'&“6f “an’o ?%%? € pblished. Planarity is inproved by the

characteristjcs.of .the,pglishing |ayer Lle uniformity is inproved by the
character?s%icgl%?l?ﬂeBCSShgo |5§§¥?6%ﬂ§@%ﬁeﬂ?8x Wgye?xﬁéed inthe

ggl}gﬂ}234PﬁgygﬁgéyﬁoPE?%ﬁﬂéi523895£9T-E?5piSEﬁé@B&Xdigkéﬁ§l&Q%ﬂa%Q?
4,4’ -diamino-3,3’,5,5' ~tetraisopropyldiphenylmethane,
1,2-bis(2-aminophenylthio)ethane,
4,4" -diamino-3, 3’ -diethyl-5.5" ~dimethyldiphenylmethane,
N,N’ -di-sec-butyl-4, 4’ -diaminophenylmethane,
3,3’ -diethyl-4, 4’ -diaminodiphenylmethane, m-xylylenediamine,
N,N’-di-sec-butyl-p-phenylenediamine, m-phenylenediamine and
p-xylylenediamine; the low-moleculer-weight polyol; and the
low-molecular-weight polyamine. The chain extenders
described above may be used either alone or in mixture of two
kinds or more.
[0035]

It is necessary to add 5 to 30 parts by weight, preferably

5to 20 parts by weight, of the isocyanate-terminated prepolymer
B with respect to 100 parts by weight of the

isocyanate-terminated prepolymer A. Further, in order to

obtain polishing pad having desired polishing properties, the
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[ 0049] The material formng the cushion layer is not particularly
.Iimted, and exanples of such material include a nonwoven fabric such as a
pol yester nonwoven fabric, a nylon nonwoven fabric or an acrylic nonwoven
fabric, a nonwoven fabric inpregnated with resin such as a pol yester
nonwoven fabric inpregnated with pol yurethane, polynmer resin foam such as
pol yur et hane foam and pol yet hyl ene foam rubber resin such as butadi ene
rubber and isoprene rubber, and photosensitive resin. [0050] Means
for adherhmgoéheopal 3 sdyargpt@yerodms tine tdus birepdlayerrs el pdefefrablgxanpl e,
a method in which a double sided tape is sandw ched between the polishing

| ayer andribie oceshdan 2, ayere dradflenwed byrphessingo 1 005bkr the nunbee doubl e
si ded tape i s ofacommonconstructioni nwhi ch adhesive | ayers are provided on

bot h surfagestafyean $4bssERlE SN (BFdaoRONWIMETH S aBHI/6 rOdmend igh®uplst) 1S
preferable to use a filmas a substrate with consideration given to

preventi on, of , PeIHEA! 9 Pfded S| WEN Yhk M @nide SUSHI AL BRI te A eIAROSIst | on of
an adhesive layer is, for exanple, of a rubber-based adhesive, an

acrylic- b?éfgi&gh&%i ¥&n 'é,tbﬁs%kf?ciéﬂta@@qﬁ&t@ﬁ@o@@ﬂ??é?!ecﬂast Rigf erabl e

because o ess of a content of netal ions, to which consideration is

O e o e B0 ASOLNG: ¢ AELys AP 2 IS | ARG o HEPLICIRS vl | erent

in composiiron fro erent conpositions are adopted in
respective_adhesive | ayers of double side e herehy al so enabl e
adhesi ve ¥%%%%s§%?§?hggr%%%E%?F%epgﬁh88?§ghﬁ§§e ggpérgéggdjusted to proper
val ues. [g&@é% A polishing pad of the invention may be provided with
a doubl e ]tape on the surface of the pad adhered to a platen. As the

doubl e sided taPe, %,tape of a common construction can belused ;g w%}ch
adhesi ve | ayer s'aPEdi4d OFasthf HetP 5B\ Provi ded ShPh6PRYOFF 82876 a
substrate. As the substrate, for exanple,_a nonwoven fabric or a filmis
used. Pr e3B! yPASEW PsNEMPPENREETaI8UBSt PRE LA K| HREIBR 2l &V OOM t he
platen is necessary after the use of a polishing pad. As a conposition of
an adhesive $@y@rareoprekanpbee Acrabber tBageladghesreéd l6Ptan acryli c- based
adhesive is exenplified. Preferable is an acrylic-based adhesi ve because of
| ess of npratesonmsilhtyonpensicalwhienccbhspdendt tba ildkgi-ven. [0053]

[0037]

The non-foamed polyurethane is preferably produced by
melting method in view of cost, working environment and so on,
while it may be produced by application of any known urethane
foaming techniques such as melting method and solution
technique. Various additives may bemixed; such as a stabilizer
including an antioxidant, a lubricant, a pigment, a filler, an
antistatic agent and others.

[0038]

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

of flow time in casting in a predetermined mold after the mixing
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A sem conductor device is fabricated after operation in a step of polishing
a surface of a sem conductor wafer with a polishing pad. The term a

sem conductor wafer, generally means a silicon wafer on which a wiring
nmetal and an oxide | ayer are stacked. No specific limtation is inposed on
a polishing nethod of a sem conductor wafer or a polishing apparatus, and
polishing is perforned with a polishing apparatus equi pped, as shown in
Fig. 1, with a polishing platen 2 supporting a polishing pad (a polishing
| ayer) 1,s@epolishing head 5 holding a sem conductor wafer 4, a backing
material for applying a uniform pressure against the wafer and a supply
mechani snpef3a; pol i shing agent 3. The polishing pad 1 is nounted on the
polishing platen 2 by adhering the pad to the platen with a double sided

tape. The polishifng.pt 8b€no2 and £H58-POkingA ?leﬁ@gtﬁaﬁéenﬁys@@s@ﬁ §0 that
the polishing pad 1 and the sem conductor wa supported or held by them

opposi tely, { ages %@&%Me and-pryh oad i tihs - d &, otl%rty:oan%fees 6 and
7. A pressure nec ani sm for preSS|ng the sem conductor wafer 4 to the

pol I shi ng; @?ﬁ d x!-éséé‘fd;?rltor Wa er QP'a! %J?a'n h 23R B S8 c e

pollshlng, e sem con £is pol |s y “being press agai nst

t he polls n 1 while t oli e t I ead 5
are rotatga:gaf%f%fﬁwlfQ%? g;c @EggS§ ﬁ% ? éP?QgQJ%§IQ9! %geggg% a flow
rate of the slur olishin oad n aten roéatloq number '
and a maf%?'r%t§%¥%ﬁl%gn%gparﬁgPéha3?e pE8E¥PF ga sf@H mﬁ 0547

Protrusions on the surface of the sem conductor r thereby renoved
and pol i sheBPPPLEFOD FhRelEARFEFLed 58nPES Bﬁétgpwggé §t Foduced

therefron1through di ci ng, bondi ng, packaging etc. The senlconductor devi ce
is used i AOGHO brlthnetlc processor, a nemory etc. - Exanpl es [0055]
Description wll iven of the invention with exanples, while the
invention is no@mﬁﬁﬂlﬁ@&Wﬁ&W%@%FP%@ﬁ@ﬁ%ﬂ?%ﬂ%@%&%ﬁ%@é?ﬂ’T%G@GFormed

in ways: in one of which an isocyanate-terminated prepolymer
A and B (a first component) are put into a reaction vessel,
thereafter a chain extender (a second component) is mixed into
the reaction vessel, the mixtue is agitéted, thereafter the
mixture is cast into a mold with a predetermined size to thereby
prepare a block and the block is sliced with a slicer like a
planer or a band saw; and in another of which in the step of
casting into the mold, a thin sheet may be directly produced.
Besides, a still another way may be adopted in which a resin
of raw material is melted, the melt is extruded through a T die
to thereby mold a non~foamed polyurethane directly in the shape
of a sheet.
[0041]

The non-foamed polyurethane has preferably an Asker D

hardness of 65 to 80 degrees, and more preferably 70 to 75
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[ Measurement and Eval uation Method] (Measurenent of Number-Average
Mol ecul ar Wi ght) A nunber - average nol ecul ar wei ght was neasured by
GPC (a Gel Perneation Chromatography) and a value as neasured was converted
in terms of standard polystylene nolecul ar weight, and the apparatus and
conditions in operation were as follows: GPC apparatus was an
appar at us manufactured by Shinmadzu Corp., with Mdel Nunmber of LC 10A
Col ums that were used in neasurenent were ones nmanufactured by Polyner
Labor at ordesr&os, in which three colums were in connection including (PL
gel, 5 pmand 500 A), (PL gel, 5 Rmand 100 A) and (PL gel, 5 tun and 50
A). A flowoake was 1.0 m/mn. A concentration was 1.0 g/l. An injection
quantity was 40 Ill. A column tenperature was 40C. An el uent was
tetrahydrof urany polishing pad (polishing layer) of the invention is
preferably 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 non-foamed body,
which lacks in work to hold and renew the slurry, a depression
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 or breakage of an object to be
polished. The shape of the depression and protrusion structure
is not particularly limited insofar as slurry can be retained
and renewed, and examples include latticed grooves, concentric
circle-shaped grooves, through-holes, non-through-holes,
polygonal prism, cylinder, spiral grooves, eccentric grooves,
radial grooves, and a combination of these grooves. The groove
pitch, groove width, groove thickness etc. are not particularly
limited either, and are suitably determined to form grooves.
These depression and protrusion structure are generally those
having regularity, but the groove pitch, groove width, groove
depth etc. can also be changed at each certain region to make
retention and renewal of slurry desirable.

[0043]

The method of forming the depression and protrusion
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[ 0057] (Measurenent of specific gravity) Det erm ned according to
J1S Z8807-1976. A manufactured non-foaned pol yuret hane and a manuf act ured
pol yur et hane foamcut out in the formof a strip of 4 cnk8.5 cm (thickness:
arbitrary) was used as a sanple for neasurenent of specific gravity and

|l eft for 16 hours in an environnent of a tenperature of 232C and a hum dity
of 50%% Measurenent was conducted by using a specific gravity hydroneter
(manuf actured by Sartorius Co.,Ltd). [0058] (Measurenent of hardness)
Measur enegt riistGopdust edt apaot dealakoyJi SnkK6283- 4897f0A srauphef ur ed

non-f oaned pol yuret hane and a manuf actured pol yurethane foamcut out in a

size of 2rgpk2teBh (b RkARSSIicAl biltely) Wwash used aswrsanpkebfiee of
measur enent of hardness and left for 16 hours in an environnent of a

ggggf;gtuﬁ?e@étg§%§h@8dsﬁzgynfgfﬁytﬂgn5Q&E§és€¥n§'H%did@%ﬂ%b reasur eaent,
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,
and formation by a laser light using a CO; gas laser or the like.
[0044]

No specific limitation is placed on a thickness of a
polishing layer, but a thickness thereof is about 0.8 to 4 mm,
preferably 1.5 to 2.5mm. Themethod of preparing the polishing
layer of this thickness includes a method wherein a block of
the non-foamed polyurethane is cut in predetermined thickness
by a slicer in a bandsaw system or a planing system, a method
that involves casting resin into a mold having a cavity of
predetermined thickness and curing the resin, a method of using
coating techniques and sheet molding techniques, etc.

[0045]

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 pum, large undulation is caused to generate
po;tions different in a contacting state with an object to be
polished, thus adversely influencing polishing

characteristics. To solve the scatter of the thickness of the

polishing layer, the surface of the polishing layer is dressed

19



were stuck on one another to a thickness of 6 mmor nore. A hardness neter
(Asker D hardness notor, nmanufactured by Kobunshi Kei ki Co., Ltd.) was used
to measure hardness. [0059] (Measurenent of surface roughness distribution)
A prepared polishing pad was bonded to a platen of a polishing apparatus
(SPP600S, manufactured by Okanoto Machi ne Tool Works, Ltd.). Using a
dresser (Mtype, manufactured by Asahi D anond |Industrial Co., Ltd.), the
surface of a polishing | ayer was dressed under the conditions of a dressing
pressure g&ndPallignh aa phatealrotaye ar ppeedhahg3byrpmresswat eavihow of
200 mM/mnute, and a dressing tinme of 30 m nutes. After conpletion of the

dressing, aBtakhecC@M 1 oFogi hinondi deddiel tadioal rdseactiore®f, the paki shing
pad, three sanples (20 mmx 20 mm) were cut at intervals of 120. Using a

stylus prgbil opehgr14 A >utBiY agt Unhedr Dy &Kl stengdy JaraR kbedul regach
surface roughness™ of %he three sanpl es was neasured once and each

three-di rerg_rlls&raﬁgg%t elé%ri%gre%er@&'%@%%% Se(d A PInd P& SUEDAGE L WRS .

cal cul at mean val ue of the Sg values of the three sanples (nean
Sq val ue) w@§6ialculated. The nean Sq value is preferably 6 to 9 jim The
three-dinénsio al square root roughness Sq is determ ned by the foll ow ng

expressi on when, L he Xv, phane (& £§ss§fr§Sthgescaé’te{eaﬁgfp&%”&negé‘se, fRaxLs
represents the VertTeal airettiion, > and® the neasured curve o surPace shape
s EXpreSquanO%fLééhgé:O%N@E%%qg%igﬁg s%§ g%gséf”kﬁg ﬁ%li%hi%ﬁ’l¥§engy
having a predetermined thickness. Buffing is conducted
preferably stepwise by using polishing sheets different in
grain size.
[0047]

A polishing pad of the invention may also be a laminate
of a polishing layer and a cushion layer adhered to each other.
[0048]

The cushion layer compensates for characteristics of the
polishing layer. The cushion layer is required for satisfying
both planarity and uniformity which are in a tradeoff
relationship in CMP. Planarity refers to flatness of a pattern
region upon polishing an object to be polished having fine
unevenness generated upon pattern formation, and uniformity
refers to theuniformity of the whole of an object to be polished.
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
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wherein Lx is a nmeasuring length in the x-direction, and Ly is a nmeasuring
l ength in the y-direction. Measurenent conditions Measurenent area: 500 jim
x 500 jim (measuring length 500 |in) Scanning speed: Scan pitch 20

pm second Trace: 51 (10 Rm pitch) Measurenent |oad: 2 ng [0060]
(Measurenment of cut rate) A prepared polishing pad was bonded to a
pl aten of a polishing apparatus (SPP600S, manufactured by Okanpto Machi ne
Tool Works, Ltd.). Using a dresser (Mtype, manufactured by Asahi Di anond

| ndustrialager, Ltd.), the surface of a polishing |ayer was dressed under
the conditions of a dressing load of 9.7 |bf, a dressing pressure of 50

g/ cnk, aplabenjrotation speed of 35 rpm a water flow of 200 m/m nute, and
a dressing time of 30 mnutes. After conpletion of the dressing, a strip

sanmpl e (20 mm i, gt he X 5105 §Pni g | €RGtBhsMaSh Cukyeut iEhgeef rom  The
t hi ckness of the sanple was neasured at points spaced at intervals of 20 mm

fromthe 199?%%8&19?@ ﬁﬂ?itp%&,nt&ao'%x%ﬁﬁléisdgf SQRUI S, 1 . Ligfaldge Fhe

di fference rasi on | oss) tween the thickness of non-dressed central

Uhe aver bl a7 et Gt} arinees hae eateol ared e Bt Fare i ¢ BYTEl af od

the averagé o erences was ca

fromthe fol | o ng equation, 10 INe. g\%gl%%@t o FYeRLL on, , E NG, cul (Late i s
pr ef er abl y " nore "t han f‘p.nfnlnu¥% an Via/ i Ut e or |'ess, ~ and noré

gLf;g{gg'¥%é§%%%§%%§7w£££aégé9Htgucﬁuésrgtgoﬁgégig}”HE% ovefVEL 9§c0f

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.
[0050]

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.

[0051]

The double sided tape is of a common construction in which
adhesive layers are provided on both surfaces of a substrate
such as a nonwoven fabric or a film. It is preferable to use
a film as a substrate with consideration given to prevention
of permeation of a slurry into a cushion layer. A composition
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
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60) [0061] (Evaluation of scratches) Eval uati on of scratches was
carried out by using a polishing apparatus SPP600S (nmanufactured by Ckanoto
Machi ne Tool Works, Ltd.) with use of a prepared polishing pad. After
polishing an 8-inch silicon wafer having a 1 tint-thick thermal oxide film
formed thereon under the follow ng conditions, the nunber of defects of
0.19 to 2 tamin the wafer was neasured at an EE (edge exclusion) of 5mm by
using a surface defect detector (Surf Scan SP1 TBI, manufactured by

KLA- Tencoandapamshliboth. ) aydhel paldamghiing scdndifeirens wereomgsodiotiawsrom silica
slurry ( SS12 , manufactured by Cabot) was added at a flow rate of 150

m / m nut ecdohi ehPp) | $hf Aekcet hec o S Nen & e Wako 354N g/ sl ip@l | shing
platen rotation speed was 35 rpm and the wafer rotation speed was 30 rpm

[0062] (MpagdEeveni pEraverageup@li shue speedro therepeasyber@nt,1ef
average polishing speed was carried out by using a polishing apparatus

SPP600S (Q@Héé@%tﬁo@%@%%@l@%@sﬁ@@bwg ala@@sﬂw K§ye!fgct&b¥watdwé%%aof a

prepared polishing pad. An 8-inch silicon wafer having a 1 timthick
%hernal 0§bd§r %églggiggg t hereon was polished for one m nute under the
ol l owi ng conditions shown in Fig. 2, average polishing speed was
a;#grl:;sﬁ 6§%g1the_f|!n1th|cknes$ measured at specific 73 points on the
polishing. The thickness of the oxide fil mwas neasured
Wi th use of an ArggffggﬁﬁfﬁxiyeﬁfEh%nanvention 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,
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
acrylic-based adhesive because of less of metal ions in content
to which consideration is given.
[0053]
A semiconductor device is fabricated after operation in
a step of polishing a surface of a semiconductor wafer with a
polishing pad. The term, a semiconductor wafer, generally
means a silicon wafer on which a wiring metal and an oxide layer

are stacked. No specific limitation is imposed on a polishing

method of a semiconductor wafer or a polishing apparatus, and
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t hi ckness neasuri ng apparatus (rmanufactured by O suka El ectronics Co.,
Ltd.). The polishing conditions were as follows:a silica slurry

(SS12, manuf act ur edbyCabot) was added at a flow rate of 150 ml/m nute during
pol i shing, the polishing | oad was 350 g/cnR, the polishing platen rotation
speed was 35 rpm and the wafer rotation speed was 30 rpm [0063] Exanple 1
To a vessel were added 1229 parts by weight of toluene diisocyanate (a

m xture of toluene 2,4-diisocyanate/toluene 2,6-diisocyanate = 80/20), 272
parts by p&i pitind i4 gerdbeyebohexylarpbhanedinigsaoyanat es <kf0bpeat t ssby

wei ght of pol ytetranet hyl ene ether glycol with a nunber average nol ecul ar

wei ght of sHOL8 i namty 198 warh s byl weh Oy poktdinet Bybene tghycobolasdihbe
m xXxture was allowed to react at 70C for 4 hours to obtain an

i socyanatgsd ef4n hat £6h PEEPOLYERT A, a polishAngddekibon, hbodanyessel were
added 100 parts by weight of a polynerized 1, 6- hexanmet hyl ene dii socyanate

(Cgum jul e§%§§&9d&&§8£m%%f@& e atkYeP@llir’I@H\la\ft%Qtdilérleﬁop)épéll@iilﬁ% Banerodret hane

Ltd as an 1socyanate-nodified body and 16.3 parts by wei ght of

pol yt et r %%g%ﬁre%%g%%% shysele i Lhaa, BUBbeY AvarageBlerybal Mehght of

250 (NCO and e mXxture was to react at 100C for 3

h t bt ai ' . - 1 hat I . d t
by wei gt 61t e pF BBal Yasg A Th  par LAC By Wb R o T Re breparymer

8(1) were,mxed.in .a planetary. m xjing and defoam ng, a r at. ef oaned.
After tha rg%fdf‘epr&ﬁ(gt ﬁ&%ﬁ? gbe4?gi€%%t%%}fahenaeg%os o%c%llgir%ggﬁgpigﬁe)

whi ch had_been previjously nelted a 20C was ,added to, the m xture and m xed
ina pl anﬁ%r@p]ﬁ%%?]rf@g a‘?%:”b%? '™ ébepfro\zg‘t(ajlfgl,l% Aer &gfeoérlrgﬁotsggprepare
a pol yurethane raw material  conposition. Tge conposi ti on was gour d into an

open nol d5¢ 8BR i e Pehyt AiBAICAFdt haBAd 85 SR FRNEBEERY Y@4Sti fig vessel)

and post curing was perforned at 100C for 16 hours to obtain a
supported or held by them oppositely face each other and

provided with respective rotary shafts 6 and 7. A pressure
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
specific limitation is placed on a flow rate of the slurry, a
polishing load, a polishing platen rotation number and a wafer
rotation number, which are properly adjusted.
[0054]

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.
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non-f oaned pol yuret hane sheet. The surface of the sheet was then buffed
with a buffing machi ne (manufactured by AM TEC) until the sheet had a

t hickness of 1.27 mm As a result, the sheet had adjusted thickness
accuracy. The buffed sheet was punched out to forma disc with a dianeter
of 61 cm and processing of concentric circular grooves each with a wdth
of 0.25 mmand a depth of 0.40 mmat a groove pitch of 1.50 mm was
performed on the surface of the sheet using a grooving nachi ne

(manuf actured by Techno) so that a polishing |ayer was obtai ned. A

doubl e-faced adhesive tape (Doubl e Tack Tape manufactured by SEKI SU

CHEM CAL £xmplid®.) was bonded to the surface of the polishing | ayer
opposite to t%e grooved surface using a lam nator. The surface of a
corona-tregyed) cushion layer (Toraypef (0.8 ramthick polyethylene foam
manuf actured by Toray Industries, Inc.) was buffed. The buffed cushion

aver was bonded.to. {fe; douhle: haced AABesive 1 havs cyshng @ Laghpatar

Anot her doubl e-faced esive tape was a ded to the other sidé of the

cushi on sheet usjng. i nat or t - ol i shi . WAS . pr red.

[ 0064] Ekg%%#% ghe 1§vé§g}§§|?§h§§5 ggﬁlﬁﬁg E?eggggaggglt elgaﬁggnanner as
in Exanple 1 xcept that in Exanple 1, the addition anmbunt of the
prepolyne?xﬁmﬁﬁeﬁas changed to 8 parts by weight from 16 parts by weight,
and the aﬁ?éé%ﬁn anount of 4, 4'-nethyl enebi s(o-chl oroaniline) was changed
to 29.8 p y weight from33.1 parts by weight. [0065]

[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
columns were in connection including (PL gel, 5 um and 500 A),
(PL gel, 5 pm and 100 A) and (PL gel, 5 pm and 50 A).

A flow rate was 1.0 ml/min.

A concentration was 1.0 g/1.

An injection quantity was 40 pl.

A column temperature was 40°C.

An eluent was tetrahydrofuran.

[0057]
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Exanpl e 3 To a vessel were added 100 parts by weight of a

pol yrneri zed 1, 6- hexanet hyl enedi i socyanate (Sum jule N 3300 (isocyanurate
type) manufactured by Sum ka Bayer Urethane Co., Ltd.) as an

i socyanate-nodi fi ed body and 42.4 parts by wei ght of polytetranethyl ene
ether glycol wth a nunber average nol ecul ar wei ght of 650 (NCO i ndex:

4.0), and the mxture was allowed to react at 100C for 3 hours to obtain an
i socyanate-term nated prepol yner B(2). A polishing pad was prepared
in the sanEchBOREncas bl Epanpleclgrexcep) that in Exanple 1, 16 parts by
wei ght of the prepolynmer 8(2) was used in place of 16 parts by wei ght of

the prepol ymer Bédyrmandqaadehd+@M@mRUDtsof8807-1976. A manufactured
4, 4" -met hyl enebi s(o-chl oroaniline) was changed to 31.9 parts by weight from

33.1 partﬁoﬁ¥f$§hgatpo[?@@@lhgﬁénﬁﬁ@eﬂn@nufacttgfﬁi¥@§%%Ee@%%%ea@@§ﬁ 100
parts by weight of a polynerized 1,6-hexanmethylene dilsocyanate (Sumjule

3200, (L SgEvaner sher huogh eyt Bcbursy] by Suriks, Beer Lketbass. (o, L)
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).

[0058]
" (Measurement of hardness)

Measurement is conducted according to JIS K6253-1997. A
manufactured non-foamed polyurethane and a manufactured
polyurethane foam cut out in a size of 2 cmx2 cm (thickness:
arbitrary) was used as a sample for measurement of hardness and
left for 16 hours in an environment of a temperature of 23+2°C
and a humidity of 50%+5%. At the time of measurement, samples
were stuck on one another to a thickness of 6 mm or more. A
hardness meter (Asker\D hardness meter, ﬁanufactured by
Kobunshi Keiki Co., Ltd.) was used to measure hardness.
[0059]

(Measurement of surface roughness distribution)
A prepared polishing pad was bonded to a platen of a

polishing apparatus (SPP600S, manufactured by Okamoto Machine

Tool Works, Ltd.). Using a dresser (M type, manufactured by
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pol yet hyl ene gl ycol with a nunber average nol ecul ar wei ght of 600 (NCO
index: 4.0), and the m xture was allowed to react at 100C for 3 hours to
obtai n an isocyanate-term natedprepol yner B(3).. A polishing pad was
prepared in the sane manner as in Exanple 1, except that in Exanple 1, 16
parts by weight of the prepolyner B(3) was used in place of 16 parts by

wei ght of the prepolyner B(1l), and the addition anmount of

4, 4" -met hyl enebi s(o-chl oroaniline) was changed to 32.0 parts by weight from

33. 1 partashbyiweigiind [00641 rCanpes at ive . Exanpd eukface of Appoliskhingg pad
was prepared in the sane manner as in Exanple 1, except that in Exanple 1,

t he prepohypetr B{d)dmasdptunaddednandohdier agdelstd o ameurtnef pressure

4, 4" -met hyl enebi s(o-chl oroaniline) was changed to 26.6 parts by weight from

33.1 partgrbyoweyght,. a [A068] ComRanatd wexaR 852rpm, a water flow
of 200 ml/minute, and a dressing time of 30 minutes. After
completion of the dressing, at the central position in the
radial direction of the polishing pad, three samples (20 mm x
20 mm) were cut at intervals of 120°. Using a stylus
profilometer (P-15, manufactured by KLA Tencor Japan Ltd.),
each surface roughness of the three samples was measured once
and each three-dimensional square root roughness Sq (um) of the
surface was calculated. Then the mean value of the Sg values
of the three samples (mean Sq value) was calculated. The mean
Sq value is preferably 6 to 9 pm. The three-dimensional square
root roughness Sq is determined by the following expression when
theXYp&anerepresentstheaveragéplane,theZ—axisrepresents(
the vertical direction, and the measured curve of surface shape
is expressed by z=f(x,y):

[Mathematical expression 1]

Sq = \/ilT) [ [ 200y dxdy

wherein Lx is a measuring length in the x-direction, and

Ly is a measuring length in the y-direction.
Measurement conditions
Measurement area: 500 pum x 500 pm (measuring length 500 um)

Scanning speed: Scan pitch 20 um/second
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A polishing pad was prepared in the sane manner as in Exanple 1, except
that in Exanple 1, the addition anmount of the prepolyner B(1l) was changed
to 35 parts by weight from 16 parts by weight, and the addition anount of
4, 4" - met hyl enebi s(o-chl oroaniline) was changed to 38.5 parts by weight from
33.1 parts by weight. [0069] Conparative Exanple 3 To a
pol yneri zati on vessel were added 100 parts by weight of the prepolyner A
23 . 3 parts by weight of the prepolymer B (1) , and 3.7 parts by wei ght
of a siligpaeesbased(sorfiachaptn(S511-192, nmanufactured by Dow Corning Toray
Silicone Co., Ltd.) followed by m xing, and the m xture was adjusted to
80C, and pbgpudeheanedoad: reduged pressure. The m xture was then vigorously
agitated at a rotation nunber of 900 rpmfor about 4 mnutes with agitation
bl ades so[ybhah)bubbles were incorporated into the reaction system To the
reaction systemwas added 36.1 parts by wei ght of
4,4'-nethyMgggggéﬁgﬁghggr?QQikggg% that had been nelted at 120C i n advance.
The m xture was agitated for about 70 seconds and then poured into a pan
type open nold {c i e . We i | uLign fluidity, it
AO€§%b§9e¥ 3?1%h1¥%g§%ggﬁ%g}§ggdég pLi Q 8%8?%n Bg ﬁ

was put into an and st cur orned at 10 r 1 ours to
obtai n a pol yuret hane foam bl . e fqﬂgg (o] dto
about 80 %%gsg ?%éﬂm%ﬁﬁéigfsﬁ%ﬁgng%VG§§%éE%S%Q%E?a%¥ure39%§)ﬁﬁ?%gé% to
obtain a pol yuret hane foam sheet. The, surface of the sheet s _then buffed
G th 8 DU hGTTRER Mt fmanaf BRI i By SARETEE ke TG T ghILr SHalYa
thickness_of 1.27 mm  As a result, the sheet had adjusted thickness
accuracy.A?ﬁElHUF?EH“%ﬂ@gPsﬁééaEd%%heg¢Sb§’tBh?é?H%%“ﬁi8 éhppﬁlﬁ%dpgneter
of 61 cm _and processing of concentric cjrcular grooves each with a w dth

of 0.25 nhP%AE HUPEPS oI R OGO HITc R 6F eF 556 IrmaRas ©F

performed on the surface of the sheet using a grooving machi ne
(manuf act Br éd By Tedase i nsoPrRasuEe Bl PERI/AE ¥ &Y BF-2haE Tbtal Heu SPPREh, a

polishing pad was prepared in the sanme manner as in Exanple 1. 0070]
[ Tabl e 1]of 35 rpm, a water flow of 200 ml/minute, and a dressing time

of 30 minutes. After completion of the dressing, a strip sample
(20 mm.in width x 610 mm in length) was cut out therefrom. The
thickness of the sample was measured at‘points spaced at
intervals of 20 mm from the centfal part (15 points on one side,
30 points in total). The difference (abrasion loss) between
the thickness of non-dressed central part and the thickness of
each measurement point was calculated, and then the average of
the differences was calculated. The cut rate is calculated from
the following equation. In the present invention, the cut rate
is preferably more than 1 pum/minute and 2 um/minute or less,
and more preferably 1.1 to 1.7 um/minute.

Cut rate (um/minute) = average of abrasion loss/ (0.5 x
60)

[0061]
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Specific gravity D hardness (degree) Three di nensional square root
roughness

(Evaluation of scratches)

Evaluation of scratches was carried out by using a
polishing apparatus SPP600S (manufactured by Okamoto Machine
Tool Works, Ltd.) with use of a prepared polishing pad. After
polishing an 8-inch silicon wafer having a 1 pum-thick thermal
oxide film formed thereon under the following conditions, the
number of defects of 0.19 to 2 pm in the wafer was measured at
an EE (edge exclusion) of bmm by using a surface defect detector
(Surf Scan SP1l TBI, manufactured by KLA-Tencor Japan, Ltd.).
The polishing conditions were as follows: a silica slurry (SS12,
manufactured by Cabot) was added at a flow rate of 150 ml1/minute
during polishing, the polishing load was 350 g/cm?, the
polishing platen rotation speed was 35 rpm, and the wafer
rotation speed was 30 rpm.

[0062]
(Measurement of average polishing speed)

Measurement of average polishing speed was carried out
by using a polishing apparatus SPP600S (manufactured by Okamoto
Machine Tool Works, Ltd.) with use of a prepared polishing pad.
An 8-inch silicon wafer having a 1 pm-thick thermal oxide film
formed thereon was polished for one minute under the following
conditions. As shown in Fig. 2, average polishing speed was
calculated from the film thickness measured at specific 73
points on the wafer after the polishing. The thickness of the

oxide film was measured with use of an interference type film
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Mean Sq val ue(gnm) Cut rate (gm m nute) Scratch (nunber) Aver age
polishing speed (angstrom m nute) Exanple 1 1.1 73.0

thickness measuring apparatus (manufactured by Otsuka
Electronics Co., Ltd.). The polishing conditions were as
follows: a silica slurry (SS12, manufactured by Cabot) was added
at a flow rate of 150 ml/minute during polishing, the polishing
load was 350 g/cn@, the polishing platen rotation speed was 35
rpm, and the wafer rotation speed was 30 rpm.

[0063]

Example 1

To a vessel were added 1229 parts by weight of toluene
diisocyanate (a mixture of toluene 2,4-diisocyanate/toluene
2,6-diisocyanate = 80/20), 272 parts by weight of
4,4'—dicyclohexylmethane(diisocyanate, 1901 parts by weight of
polytetramethylene ether glycol with a number average molecular
weight of 1018, and 198 parts by weight of diethylene glycol,
and the mixture was allowed to react at 70°C for 4 hours to obtain
an isocyanate-terminated prepolymer A.

In addition, to a vessel were added 100 parts by weight
of a polymerized 1,6-hexamethylene diisocyanate (Sumijule
N-3300 (isocyanurate type) manufactured by Sumika Bayer
Urethane Co., Ltd.) as an isocyanate-modified body and 16.3
parts by weight of polytetramethylene ether glycol with a number
average molecular weight of 250 (NCO index: 4.0), and the
mixture was allowed to react at 100°C for 3 hou;s to obtain an
isocyanate-terminated prepolymer B(1l).

One hundred parts by weight of the prepolymer A and 16
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8.0 1.5 42 2150 Exanple 2 1.1 70.5 7.0 1.3 48

parts by weight of the prepolymer B(1l) were mixed in a planetary
mixing and defoaming apparatus and_defoamedf After that, 33.1
parts by weight of 4,4'-methylenebis(o~chloroaniline) which
had been previously melted at 120°C was added to the mixture
and mixed in a planetary mixing and defoaming apparatus, and
then defoamed to prepare a polyurethane raw material
composition. The composition was poured into an open mold (800
mm in length and width and 2.5 mm in depth) (casting vessel) and
post curing was performed at 100°C for 16 hours to obtain a
non-foamed polyurethane sheet. The surface of the sheet was
then buffed with a buffing machine (manufactured by AMITEC)
until the sheet had a thickness of 1.27 mm. As a result, the
sheet had adjusted thickness accuracy. The buffed sheet was
punched out to form a disc with a diameter of 61 cm, and
processing of concentric circular grooves each with a width of
0.25 mm and a depth of 0.40 mm at a groove pitch of 1.50 mm was
performed on the surface of the sheet using a grooving machine
(manufactured by Techno) so that a polishing layer was obtained.
A double-faced adhesive tape (Double Tack Tape manufactured by
SEKISUI CHEMICAL CO., LTD.) was bonded to the surface of the
polishing layer opposite to the grooved surface using a
laminator. The surface of a corona-treated cushion layer
(Toraypef (0.8 mm-thick polyethylene foam), manufactured by
Toray Industries, Inc.) was buffed. The buffed cushion layer

was bonded to the double-faced adhesive tape using a laminator.
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2100 Exanple 3 1.1 70.0 7.0 1.4 19 2100 Exanple 4 1.1

Another double-faced adhesive tape was also bonded to the other
side of the cushion sheet using a laminator so that a polishing
pad was prepared.
[0064]
Example 2

A polishing pad was prepared in the same manner as in
Example 1, except that in Example 1, the addition amount of the
prepcoclymer B(1l) was changed to 8 parts by Weight from 16 parts
by weight, and the addition amcunt of
4,4"-methylenebis(o-chloroaniline) was changed to 29.8 parts
by weight from 33.1 parts by weight.
[0065]
Example 3

To a vessel were added 100 parts by weight of a polymerized
1, 6-hexamethylene diisocyanate (Sumijule N-3300 (isocyanurate
type) manufactured by Sumika Bayer Urethane Co., Ltd.) as an
isocyanate-modified body and 42.4 parts by weight of
polytetramethylene ether glycol with a number average molecular
weight of 650 (NCO index: 4.0), and the mixture was allowed to
react at 100°C for 3 hours to obtain an isocyanate-terminated
prepolymer B(2).

A polishing pad was prepared in the same manner as in
Example 1, except that in Example 1, 16 parts by weight of the
prepolymer B(2) was used in place of 16 parts by weight of the

prepolymer B(l), and addition amount of
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71.0 7.5 1.45 27 2200 Conparative Exanple 1 1.1 69.0 5.1 0.8

4,4'-methylenebis(o-chloroaniline) was changed to 31.9 parts

by weight from 33.1 parts by weight.
[0066]

Example 4

To a vessel were added 100 parts by weight of a polymerized

1, 6-hexamethylene diisocyanate (Sumijule N-3300 (isocyanurate

type) manufactured by Sumika Bayer Urethane Co., Ltd.)

isocyanate-modified body and 39.1 parts by weight of

polyethylene glycol with a number average molecular weight of

600 (NCO index: 4.0), and the mixture was allowed to react at

100°C for 3 hours to obtain an isocyanate-terminated prepolymer

B(3).

A polishing pad was prepared in the same manner as in

Example 1, except that in Example 1, 16 parts by weight of the

prepolymer B(3) was used in place of 16 parts by weight of the

prepolymer B(1l), and the addition amount of

4,4"'-methylenebis(o-chloroaniline) was changed to 32.0 parts

by weight from 33.1 parts by weight.
[0067]

Comparative Example 1

A polishing pad was prepared in the same manner as in

Example 1, except that in Example 1, the prepolymer B(l) was

not added and the addition amount of

4,4"'-methylenebis(o-chloroaniline) was changed to 26.6 parts

by weight from 33.1 parts by weight.
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[0068]
Comparative Example 2

A polishing pad was prepared in the same manner as in
Example 1, except that in Example 1, the addition amount of the
prepolymer B(1l) was changed to 35 parts by weight from 16 parts
by weight, and the addition amount of
4,4"'-methylenebis (o-chloroaniline) was changed to 38.5 parts
by weight from 33.1 parts by weight.
[0069]
Comparative Example 3

To a polymerization vessel were added 100 parts by weight
of the prepolymer A, 23.3 parts by weight of the prepolymer B(1),
and 3.7 parts by weight of a silicone-based surfactant (SH-192,
manufactured by Dow Corning Toray Silicone Co., Ltd.) followed
by mixing, and the mixture was adjusted to 80°C, and then
defoamed at reduced pressure. The mixture was then vigorously
agitated at a rotation number of 900 rpm for about 4 minutes
with agitation blades so that bubbles were incorporated into
the reaction system. To the reaction system was added 36.1
parts by weight of 4,4'-methylenebis(o-chloroaniline) that had
been melted at 120°C in advance. The mixture was agitated for
about 70 seconds and then poured into a pan type open mold
(casting vessel). When the mixed solution lost fluidity, it
was put into an oven and post curing was performed at 100°C for

16 hours to obtain a polyurethane foam block. The polyurethane
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0.86 59.0 11.5 2.1 80 2100 DESCRI PTI ON OF REFERENCE SI GNS [0071] 1:
Pol i shing pad (polishing |ayer)

foam block heated to about 80°C was sliced with a slicer (VGW-125,
manufactured by AMITEC) to obtain a polyurethéne foam sheet.
The surface of the sheet was then buffed with a buffing machine
(manufactured by AMITEC) until the sheet had a thickness of 1.27
mm. As a result, the sheet had adjusted thickness accuracy.
The buffed sheet was punched out to form a disc with a diameter
of 61 cm, and processing of concentric circular grooves each
with a width of 0.25 mm and a depth of 0.40 mm at a groove pitch
of 1.50 mm was performed on the surface of the sheet using a
grooving machine (manufactured by Techno) so that a polishing
layer was obtained. Then, a polishing pad was prepared in the

same manner as in Example 1.
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2: Polishing platen 3: Polishing agent (slurry) 4: Object to be polished
(sem conductor wafer) 5: Supporting stand (polishing head) 6, 7. Rotary
shaft CLAI M5 1. A polishing pad having a polishing |ayer
conprising a non-foamed pol yurethane, wherein t he non-foaned

pol yurethane is a reaction cured body of a pol yurethane raw materi al
conposi tion contai ni ng: an i socyanate-term nated prepol yner A

obtai ned by reacting a prepolyner A raw material conposition containing a
di i socyangt® @ hi gh-nol ecul ar-wei ght polyol (a) and a | ow nol ecul ar - wei ght
pol yol ;

[(Table 1]
Three
dimensional
L D £ Cut rate s tch Average
Specific hardness square roo v cratc polishing speed
gravity roughness (um/minute) | (number) (angstrom/minute)
(degree) Mean Sqg g
value (pm)
Example 1 1.1 73.0 8.0 42 2150
Example 2 1.1 70.5 7.0 48 2100
Example 3 1.1 70.0 7.0 19 2100
Example 4 1.1 71.0 7.5 1.45 27 2200
Comparative 1.1 69.0 5.1 0.8 73 1800
Example 1
Comparative 1.1 81.0 5.6 3.3 305 1850
Example 2
Comparative | g gg 59.0 11.5 2.1 80 2100
Example 3

DESCRIPTION OF REFERENCE SIGNS

[0071]

1: Polishing pad (polishing layer)

2: Polishing platen

3: Polishing agent (slurry)

4: Object to be polished (semiconductor wafer)
5: Supporting stand (polishing head)

6, 7: Rotary shaft
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an isocyanate-term nated prepolyner B obtained by reacting a prepolynmer B
raw material conposition containing an isocyanate-nodified body polynerized
by adding three or nore diisocyanates and a hi gh-nol ecul ar-wei ght pol yol
(b); and a chain extender; and the addition amount of the

i socyanate-term nated prepolyner Bis 5 to 30 parts by weight with respect
to 100 parts by weight of the isocyanate-term nated prepolyner A

2. The polishing pad according to claiml, wherein the

hi gh- nol ecul ar-wei ght pol yol (a) is @apyether polyol having a nunber
average nol ecul ar wei ght of 500 to 5000 and the diisocyanate is toluene

di i socyanat e and di cycl ohexyl net hane dii socyanate. 3. The
pol i shing pad according to claim1l or 2, wherein the high-nol ecul ar-wei ght
polyol (b) is ajpolyeiharsmelygkdnaying aagumnanu_ nage rmebgewk ainyei ght
of 250 to 2000, the ?ggbyanafz?nndifiedgbo y is aaﬁgxgggthylege %

di i socyangt goandbfined Bedyuetthapeyandeatent ype and/or biuret type, and the
i socyanate-term nated prepolyner B is a prepolymer synthesized at an NCO

i nd f 3.5t _foam ;hﬁ:&%ﬂnﬁgf' a NG | ajm 1,

kﬁe?gig t he no(r);E %gﬁ%b:%gffﬁ%g¥ﬁ'ne hagianh%gﬁg?gﬁ?ﬁggggéss(%?m%%a?g]80

d : i shing.:pad ing t im 1. .wh inth t
A e L

rate i s n%r%o n ess. 6. A nethod

for producing a_polishin ad, conprising the steps,of, mxin first
conponent conta?ﬁiﬁao%y?oagﬁ %3¥?ggﬁye%e aﬁ?°%¥mgﬁ a%pfhihEd By

i socyanat e-t er m nat edpr epol yner B _obt aj ned by reacting a prepalyner B raw
meter i al BORpOSDI bR I NG A% BOEy ahat I T1'ee bEaY POrYRG Fzed by
adding three or nore diisocyanates and a hi gh-nol ecul ar-wei ght pol yol (b)
with respettsSePeYadetpar tsPbyalP ﬁFu6PréHeF8BEy8HEY8;té?ﬁiﬁggea pr epol ymer
A obtained by reacting a prepolyner A raw material conposition containing a
diisocyanh@%?malﬁF@%aﬁﬁW@éabgrP@éV@ﬁf pol yol (a) and a | ow nol ecul ar - wei ght

an isocyanate-terminated prepolymer B obtained by
reacting a prepolymer B raw material composition containing an
isocyanate-modified body polymerized by adding three or more
diisocyanates and a high-molecular-weight polyol (b); and

a chain extender; and

the addition amount of the isocyanate-terminated
prepolymer B is 5 to 30 parts by weight with respect to 100 parts

by weight of the isocyanate-terminated prepolymer A.

2. The polishing pad according to claim 1, wherein the
high-molecular-weight polyol (a) is a polyether polyocl having
a number average molecular weight of 500 to 5000 and the
diisocyanate is toluene diisocyanate and dicyclohexylmethane

diisocyanate.
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polyol, wth a second conponent containing a chain extender; and curing the
m xture to prepare a non-foaned pol yuret hane. 7. A nethod for
produci ng a sem conduct or device, conprising the step of polishing the
surface of a sem conductor wafer by using the polishing pad according to
claim1.

3. The polishing pad acéording to claim 1 or 2, wherein
the high-molecular-weight polyol (b) is a polyéther polyol
having a number average molecular weight of 250 to 2000, the
isocyanate-modified body is a hexamethylene
diisocyanate-modified body of isocyanurate type and/or biuret
type, and the isocyanate-terminated prepolymer B is a

prepolymer synthesized at an NCO index of 3.5 to 6.0.

4. The polishing pad according to claim 1, wherein the
non-foamed polyurethane has an Asker D hardness of 65 to 80

degrees.

5. The polishing pad according to claim 1, wherein the

cut rate is more than 1 um/minute and 2 pum/minute or less.

6. A method for producing a polishing pad, comprising
the steps of mixing a first component containing 5 to 30 parts
by weight of an isocyanate-terminated prepolymer B obtained by
reacting a prepolymer B raw material composition containing an
isocyanate-modified body polymerized by adding three or more
diisocyanates and a high-molecular-weight polyol (b) with
respect to 100 parts by weight of an isocyanate-terminated
prepolymer A obtained by reacting a prepolymer A raw material
composition containing a diisocyanate, a

high-molecular-weight polyol (a) and a low-molecular-weight
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polyol, with a second component containing a chain extender;

and curing the mixture to prepare a non-foamed polyurethane.

7. A method for producing a semiconductor device,

comprising the step of polishing the surface of a semiconductor

wafer by using the polishing pad according to claim 1.
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