10

15

20

25

30

F-P07294TR (SG SPECI FI CATI ON POLI SHI NG PAD

TECHNI CAL FI ELD 5 [0001) The invention relates to a

pol i shing pad capable of perform ng pl anar i gatg v 4afR (SG)
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 nmetal polishi ggepirhcatadil ity and a high
pol i shing efficiency. A polishing pad of the

i nvention is preferabl YOshPHBY@dPADespecially, in a
pl anari zation step of a silicon wafer or a device on
whi ch an oxide layer or a netal |ayer has been forned

' ta further stacking an oxide |ayer or a netal
ﬁ%ﬁzt%er@%g BACKGROUND ART [0002) Typi cal

e als requiring surface flatness at high level 20
i nclude a single-crystal silicon disk called a silicon
waf er Thieordngeotacnnyedehtsona urtprldgitiogr dtaeld cépabliet of
(IC, LSI) . _The ,surface of the silicon, wafer shoul d
s fERimsne Hapd HHEg T Lo e iRl 419 BepnbERRS AopLgh surface

roduci,.ng .| I .-l n_prder. to.  provi rgl_i abl
Baanduetsh a8nRBtirancie 8 S cinhBliith oL TsuBiald =
AFIRAYRCHYLRG  t Besth i edh tBard P, tdeyIdRD Rbstrate or an
polishing finish, a polishing pad is generally stuck
adnurd ot aubbkeateapporta el sld scabhdda appddai@En ofivgieheral

a wor kpi ece such as a_ sem conductor wafer is stuck on
metegl Pehi vl e wd thEjt slhddinind grhigeppdd shing giffdicgency .

d j d he_ pl 0_and th
B R ot B RE RS SR FEnt 1o M sy HliBacved.
ﬁg—ﬁ%@%ﬁ@( §§hgna§&§b?§gié t%t@%ﬂ' 249Ysbyn SRk &z bevice

pol i Shing pad, to e
on which an oxlde layer or a metal layer has been formed prior

to further stacking an oxide layer or a metal layer thereon.

BACKGROUND ART
[0002]

Typicalmaterials requiringsurface flatnessathighlevel
include a single-crystal silicon disk called a silicon wafer
for producing semiconductor integrated circuits (IC, LSI). The
surface of the silicon wafer should be flattened highly
accurately in a process of producing IC. LSI ete,, in order to
provide reliable semniconductor connections for various coatings
used in manufacturing the circuits. In the step of polishing
finish, a polishing pad is generally stuck on a rotatable
supporting disk called a platen, while a workpiece guch as a
semiconductor wafer is stuck on a polishing head, By movement
of the two, a relative speed is generated between the platen

and the polishing head while polishing slurry having abrasive



10

15

20

25

30

”polishfhg processing. [0003] As polishing

characteristics of a polishing pad, it is 5 requested _
that a polished object is excellent in plana-py28adR (SG) .
uniformty and a polishing rate is high. The planarity
and uniformty of a polished object can be inproved
to sone extent by using a polishing |ayer having

hi gher elastic nodulus. The polishing rate can be

JrEanny e dontiineoesad iyvngadgiel eahbartheopodlisniyg phd, to effect
retai ned on foam having cells therein. [0004] The
pedtisdd ngf pireceeadhndg t he anount of slurry to be

tained includes a nethod which involves rendering a
@q%s]hi ng pad itself hydrophilic, and specific

?Xanpg%s Bﬂﬁhﬂgﬁ (%ﬁ AadEihad (whi ok IS, VO MES pad, it is
intro uang y r%p |?|c groups such as hydroxyl “groups
Hofu st SBERAX ATBbRLEEREdalld <) 18 evddiadithiahplanstitesand
mxing a matrix material with a hydrophilic ,
wulfsiravicy. aRdr aepahpEking arplod i shildgipadThenpdanarbhy and
conprising (A) a_crosslinke el ast onex an B) a
PRI A RGLE ARG UAC oFaanEe SRBTAE L0 I sptent
[ i Lt T

o GHPRe R L PG A s P LA B b P B, e
RAdedt ihe, ratd c4iedi g e dyds aphehk tngtavpanaddedt sQurry
a material <constituting the polishing tool is
mitsdnesledn( Patenhatingraelke ti¥redm addition, a
pol i shing pad conprising a thernosetting 25 pol yne

ilX resin containing a hydrophilic and ,

subst L all - | - -

o ai SOraBo e 5l D8 RBERE oF AR DS 206 inea
iPRhSRIsNOnPAL EHAPE $hRB 1 de s R¥AieRRNGiazbs shing pad itself
agent - cont ai ni ng pol yur et hane conposition contai ning

hydetopané 1 cesamd clptesdifed: byamppes yimerlivdend 1e onpesiiest 8Dich
ih%ying hydroeﬁhﬁjc %&%%%§E¥§(gé§g&osed-%2&;§nérox 1 groups
DIVERNREAE RpAUC IR gH] pOEOSP as hydroxyl group
into a matrix material and (2) a method which involves mixing
a matrix material with a hydrophilic substance. For example,
a polishing pad composition comprising (A) a crosslinked
elastomer and {B) a substance having functional groups such as
hydroxyl groups is disclosed (Patent Literature 1). Further,
a polishing tool comprising a hydrophilic substance added to,
or (modifying) hydrophilid groups added to, a material
constituting the polishing tool is disclosed (Patent Literature
2). In addition, a polishing pad comprising a thermosetting
polymer matrix resin containing a hydrophilic and substantially
water-insoluble sheet-shaped substance is disclosed (Patent
Literature 3). Furthermore, a polishing pad comprising a
hydrophilizing agent-containing polyurethane composition
containing urethane resin obtalned by copolymerizing compounds

having hydrophilic groups is disclosed (Patent Literature 4).
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“I'n the method (1), however, there is a possibility

that when the matrix material is polyurethane, active
. hydrogen-containi ng hydrophilic groups suchra®94TR (5G)
hydroxyl groups 5 react with isocyanate groups in
synt hesi s of polyurethane, and as a result, an
unreact ed pol yol conponent remains in the material.
Thi s remai ni ng pol yol conponent gives rise to a
Joas)i ci zing, effect so that the physical properties
of the polishing pad tend tobe deteriorated. In the
met hodn( ehe meidhdyy ddophhbvevenbstiwice 180aipodridui ity that
uni formy mx in the rix. material, so av%glishing
e

s ﬁg\%ﬁataﬁ?? BRREBhYLI B PORGHET U o e
3RS pogt AEdehe SRR AR 4 s b B A4S T BFbups

reRRd iens e thegr ©@ws atnedyntids BN ft hel guistitdisd and
the probl em of poor efficiency of polishing. [0007]
aBor rexahpl en vhgeathedparlyod e asfpquent xRl e Hohhe pairerial.
ur et hane, poli shing material capabl e of efficientl¥, ..

THdI5i SRMAGN AT s Eoh HRARSSRAS 8 VRt RLBX et 1B ptaStic1z1ng
RN 4L Yol A LH 5 205 1563808 JOLLS G MBLG UM tend
conprising a péﬁps I Ng &t er al conposi t1on

toshst é N Al | saerTMEde(M nahedydiephanec substance
prepol yner and an active hydrogen-contai ni ng conpound,

iwhied edly uhhEormby yeixedei n d&heri ekt midk netehdmk, oepobyishing
is obtained using an aromatic diisocyanate as )
Ppél VRydBgaHRE EORAdPRY HEF bl PERRIGHEH CaZ"Sm(?o%& gbipgned.
[ﬁ% I?m#nnlecular--meight pol yol and

igﬁ-nolecular-meight pol yol, the | ow nol ecul ar - wei ght

pol yOWhehn@thélgidms@ﬂ@l@mfbeeevegM@@Iﬁroln hBut¥A QL use to
gl ycol etc. (Patent Literature 5). [0008] 30 For the

ther pogeo Dfusendohe nop bl gloing iongichions shoeld ha rleguldated,
F- PO7294TR(SG dressin progertieS'to prolong the, | .
apel EBAY g Sdal-api e erobRen ot poor efficiency O polishing.

[0007]

For example, for the purpose of providing a non~foam
urethane polishing material capable of efficiently polishing
a semiconductor wafer with excellent planarity, there is
disclosed a polishing material comprising a polishing material
composition consisting of an isocyanate-terminated urethane
prepolymer and an active hydrogen-containing compound, wherein
the isocyanate-terminatedurethane prepolymer isobtainedusing
anaromaticdiisocyanateaspolyisocyanateandapolyol component
consisting of low-molecular-weight polyol and
high-molecular-weight polyol, the low-molecular-weight polyol
including diethylene glycol, 1,3-butylene glycol etc. (Patent
Literature 5).

[0008]

For the purpose of endowing a polishing cloth itself with

3
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..poliéhfhg cloth, there is disclosed a polishing cloth

conprising a polyurethane conposi tion wherein the
abrasion wear of the cloth is 150 to 350 nyF-PO7294TR (5G)
Taber abrasion test (Patent Literature 5 6). [0009]
However, the polishing material disclosed in Patent
Literature 5 consists of non-foam urethane, and the
non-foam polishing material is provided with grooves
drecaing pkopent 18s pod irahilegyr ahe, pblishbn@sivmtgrem o€ the
and polishing waste etc. 1in slurry are topically .
poldsénngetloth, ot kel s tiecdrabrld pat f ¥ningelehle comprising
polishi rate very difficult, ishing clg
SN PR Lot S &0 s DeastPy "gEet pae oloth
0%0' Bo ?@6 NP CA4QpES gﬂﬁagﬂoﬁe&érét AL dAL021 eabhture
|aneters is thus poor 1In anarity and
eyni formty, and the polishing rate is inevitably
changed significantly. [0010] Further, the

[06A¥ént i onal polishing pad has a problem of center

sl ow (phenonenon where the center, of a fer |$ h
20 po%Pgﬁgﬁyr Tbﬁuggflqgﬂqg“mqg GL8ctossa. An SageXt

RIS S LRl 200 Lo

le'l&@h&hgrﬁa&erﬂﬁA&Q%&;\ii?&&mntl?atg&mov@st ebabuse Bf low
JP- A 2000-17252 Patent Literature 6: JP-A 2001-277101

pbilsehosgr eaté, Inverttimesise Brebhensnd bl Hulngedapye etc.

SPRELBREERe FALALF b BEE€B of bt e B2B TuhArgoL L fation
of the polishing rate very difficult. The polishing cloth

diéclosed in Patent Literature 6 is easily worn, is8 poor in
hardness (due to uneven cells and large cell diameters), and
is thus poor in planarity and uniformity, and the polishing rate
is inevitably changed gignificantly.

[0010]

Further, the conventional polishing pad has a problem of
center slow (phenomenon where the center of a wafer i1s hardly
polished) .

[0011]
JP-A 2002-134445
JP-A 2003-11066

Patent Literature
Patent Literature
JP-A 2002-59358
JP-A 2003-128910
JP-A 2000-17252
JP-A 2001-277101

Patent Literature
Patent Literature

Patent Literature

Sy e W N

Fatent Literature

Disclosure of Invention

Problems to be solved by the Invention
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pad excellent in polishing rate and superior in

| ongevity without generating center slow Another

obj ect of the present invention 5is to pr ovi-¢@ 7294 TR (SG)
nmet hod of manufacturing a sem conductor device wth

t he polishing pad. Means for solving the Probl ens

[0013] 10 The present inventors nmade extensive study

for solving theproblem andasaresult, found that the
[@piieqt s canbe achieved by the follow ng polishing

pad, and the present invention was thereby conpleted.

[ 0014Rn obf etftanf tlse prasepbinyhhhjopdd tof prdel g @pendishing

inventiaon is, a polishing pad having a polishing |a
reek Rt ] g tokn Bo L pahing SRR aREHIRA AR ﬁbhwﬁ%"g@r ¢ Ehout
wherein hi,ah- ol ecu = \\el : I : .
STty Rk OB Bl Bkl £ RPRORE bR Lon
1GOPS & My iy HFSRRP € i AuDlRCH| SemmeighicHen! yebice
A having a nunber-average nolecular weight of 550 to
w3@0 ahd aohydhbdphobad. hi gh-nol ecul ar-wei ght polyoJ. B
havi ng a nunber-average nolecular weight of 950 to
1300 in an A/B ratio of from10/90 to 50/50 by
wei ght.. 25 [0015], .Th | i 5hi ngpad descri bed above is
M&)‘?@gl kgﬁt 5p Vb%‘lgi Elﬁ‘i:‘ ﬁ%lp&jria ngé and superior in
[b@ngvity: In particular, the polishing padis
characterized by solving the problem of center slow.
The rrasprefait generafirenmafie cent ens stovetwthr éotrtheclving
conventional 30 polishin% pad is used, is estimated as

FI

thelnrsksenysigl 352 reRult p Tpupd khok thest)] e danies gehieved

B E B BB ATl Dt B Vel pp s
t%%??ék?§8m€§§§iﬂﬂfg Pglishing wast e. \Wen the
[0014]
That is, the polishing pad of the present invention is
a polishing pad having a polishing layer consisting of a
polyurethane foam having fine cells, wherein a
high-molecular-weight polyol component that is a starting
component of the polyurethane foam contains a hydrophobic
high-molecular-weight polyol A having a number-average
molecular weight of 550 to 800 and a hydrophobic
high-molecular-weight polyol B having a number-average
molecular weight of 950 to 1300 in an A/B ratio of from 10/90
to 50/50 by weight.
[0015]
Thepolishingpaddescribedaboveisexcellent inpolishing
rate and superior in longevity. In particular, the polishing
pad is characterized by solving the problem of center slow. The

reason for generation of center slow where the conventional

polishing pad is used, is estimated as follows: Usually, the
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"carrfed.out, the grooves and fine openings are clogged

with 5 abrasive grains and polishing waste, and thus

the surface of the polishing pad should beEL@@e@@qTQXSG
grinding with dressing. However, the surface of the
conventional polishing pad is made hardl y ground,

t hus maki ng conpl ete prevention of clogging difficult
to deteriorate its ability to retain polishing slurry

O el BE ShiE fpﬁﬂ%s‘?ﬁntghﬁaaaﬂs M vGRicsowh 8hr gsstdded Br fine

generation of = center slow The reason for difficult
areasisigsgf of rteheindogweent u?enaw:Lp@ItlT@hBh@er}a@nldsqu refeving
specific gravity of the 0|IShIn i,s hi

randd afaberianien wﬁetem ﬁ'%nn&h | gyip-sh@g@pgqag%gure is
'consi tency con ered that rti cyl :
o ey &P b BF ERGNEI T S Gy P Sl OCRgd wich
SRS Ie! g?ﬁ)ﬁ Qﬁ@%lnj%ﬂ’ﬁfgt wadRan Qﬁ&sﬁh@sg it surface of
|ncrease and the grooves and fine openi ngs are

mieoggeﬂsmim@ daesHoesgibeg renasee by husndhdgrwidilngressing.
cl oggi ng. is conceivable that the, specific gravity

HAge ealme eﬂdlrf@cer abrtheocapvanhieasdl mrlesding Bed g hade

t he .surface ,of i shin

qﬁﬁﬂhﬁ|358u89’ %@%%?gc éﬁ%ﬁ%@%/3%§%$§il§5e§erS%nglng
ngﬁttﬂ?dgt?}égQSJ?§thltst$l§1Pﬂ y 8BiE N %dp@ﬁﬁli/m{)le@urry

|s reduced to deter | orateplanarizing quality

@l $heconceiablifethdaiad, hahlinhemmai rwaiudght iofgertdramtion of

hi gh- nol ecul ar - wei ght poly I s decreased for reducing

aend-e25 sdpeci fThe grepaary fa?dfd @fﬁﬂpﬂéﬁe%%?l%l ?f afF B ng

the r.dness but,in this the ab 0 I
S5 PheL b1 Rt peehity 1) ke SBebhis Haffidl OF tne
e redu t t
R X e
ltd'}%r ri@lsle,&lﬁl ngs| ayens it @icgr esSitndgsi sorbidenad echat
i medi ately at the 30 tinme of wafer polishin
peeﬁu@e\ltaméyp@he@ hilligy madiesiag BE Pehegmorlﬂ(%@ng %-@OTG] itself

present i nventors f.ound that

hfﬁsg ORBFBLERGY - wﬁr&ﬁﬁlﬁ& ‘Q}%‘Ft%&@ghgﬁ?&?h%g is, ipcreased,
cﬁtdafflé I?,.&Ooves and fine openings are clogged with the dressing

waste, thus undergoing clogging. It i1s conceivable that the
specific gravity may be reduced in order to attain easy dressing
of the surface of the polishing layer, but simple reduction of
the specific gravity is not preferable because the hardness of
thepolishingpadasawhole isreducedtodeteriorateplanarizing
quality. It is also conceivable that the molecular weight of
the high-molecular-weight polyol is decreased foxr reducing the
specific gravity and simultaneously maintaining the hardness,
but inthis case, the abrasionwear of the surface of thepolishing
layer becomes higher than necessary, to reduce the longevity
of the polishing pad, and the fluffiness of the surface of the
polishinglayerafterdressmM;iseliminatedimmediatelyatthe

time of wafer polishing, to reduce the polishing rate.
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'-conpdnéht of the pol yurethane foam the hydrophobic 5

hi gh- nol ecul ar - wei ght pol yol A havi ng a nunber-average
mol ecul ar wei ght of 550 to 800 (also referregdph9294TR(3G)
herei nafter as "polyol A") and the hydrophobic

hi gh- nol ecul ar-wei ght pol yol B having a

nunber - aver age nol ecul ar wei ght of 950 to 1300 (al so
referred to hereinafter as "polyol B") are used in an
AoBenatio 10 of from 10/90 to 50/ 50 by wei ght, thereby
reduci ng the specific gravity of the polishing |ayer
whiIeThainraﬁﬁmhgiquﬁtQﬂﬂwﬁﬂﬂnﬁ thagdasukhfer reducing

' f i al L
hLOB TP L ehL REVSLY ol R iy Lceo%{n%g@é%ﬁ%ﬁw@&uﬁéigms%mlng
c%ﬁ%%n%ﬁku8§ tﬁgsggﬁgpﬁg%%%qéﬂy%d% ”E%%uﬁgd HSBbcthe

corrponent east tV\D pea ues

%lﬁbl%ﬁMaih@eW%oW ageamnecul aumweirghvepdgé he
polyol 20 Ais |less than 550 and/or the

moletel aavee bglet mof 601 &p aéDghilSQﬁrﬂﬂﬁiqaﬂ fol heregnafter
| ess than 950, the abrasion wear of tP rface

a@f“Rqﬂé/oaoék”gﬁﬂﬁ&h%k})é?r%%?fe%hﬁal@ﬁ%? Tt poLyol
?é?%?%%gﬁﬁt th Qgﬁgiégufér%gq€ﬂgl @5@gh9§%00a@ﬁso

e surface o shi nh

rafbekedres ﬁb@alhéfeér nahedydd Bmede ax@qv iHpan Awaf Bitio
polishing, to reduce the pollshlng rate. [0019] On

oﬁhﬁrm h@VQﬁamj,S()v(ﬁérby e ighiherhenadryageduol g whar specific
ight of the yol A is higher than,800 and/or the
gﬁaﬁ%w %Eh%@@llﬁsllamaawewhbh% H@flnttﬁénbaamghsh%dnessr

oDP e PR Paer I T P P S FrACRG Lot L Eselt

specanes,so high that dressing mas;e upon dressing is
increased, and the grooves and fine openings are
[ebagged with the dressing waste thereby generating
Cente&hglgg&yols A and B have molecular-weight peak values
respectively, and a mixture of both the polyol components has
at least two peak values.
[0018]
When the number-average molecular welght of the polyol
A is less than 550 and/or the number-average molecular weight
of the polyol B is less than 950, the abrasion weat of the surface
of the polishing layer becomes higher than necessary, thus
reducing the longevity of the polishing pad, and the fluffiness
of the surface of thepolishinglayerafterdressingiseliminated
immediately upon wafer polishing, to reduce the polishing rate.
[0019]
Ontheotherhand, whenthe number-averagemolecular weight
of the polyol A is higher than 800 and/or the number-average
molecular weight of the polyol B is higher than 1300, the

“consistency” of the material of the polishing layer itself
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..[0026].'5 The nunber-average nol ecul ar wei ght of the

polyol Ais preferably 600 to 800. Ononehand,

t henunber - aver age nol ecul ar wei ght of the polPpgkoBTR$SG)
preferably 1000 to 1200. [0021] In the present

invention, the ratio by weight of the polyol 10 Ato
the polyol B, i.e. A/B, should be from 10/90 to 50/ 50,
preferably from15/B5 to 35/65. Wien the weight ratio

wfcdd?e sPelivel tint SrbessnyhantkOupthelresennigsi ehoyteabed,
the material of the polishing |ayer itself becones so,
andghh¢ o oessant g ivmstren Lipph ageessrdupd Yithdiwagdeassing

and the grooves and fine o eniggg}lS are clogged with
wasd &g LA PRY ﬁﬁ@?Eth%?éﬁ?aﬁﬁﬁ Y'ng center slow. On

%2Oqand, when the weight ratio of the polyol Ais
@% at'er than 50, the hardness of the polishing | ayer

becomgge SembEFhatdigd AR 1akiasi-onengat of dHe pBURback is
becomes hi gher than necessary, thus reducing the

drefgewbily a0 th0pol isminmgh20d pale nanberhaverage npdsgular
of the surface of the polishing |layer after _dressing

wed 98It RiEn&hedPPhwedi Rtk P %Pf%rlo&& iton ilaﬁ,ov to
rggﬁﬁe the polishing rate. [0022] The pol yuret hane

[P is preferably a cured product 25 produced by

react tRGhahidadn € NayBnexbeNEBE, ratfio by weight of the polyol
i socyanat e-term nated prepol yner contalning a

phitgh<imel polyal- Bei ghte. poly0l sloonpbientf ramd 14490 to 50/50,
i socyanate conponent. EOOZS] 30 The po%%géethane
oredmred Lyr EFeR abiABR 5 teuPedopr oy tBepYpbyho Frrdsept the

PR BT S LA P I B SEhPaer g sorian o
e %Qii&ﬁ[ﬂ? 1:3R v SOSYPNYRoaREPENMNIGHABHa8Mressing waste
I socyanate-term nated prepol yner .

upon dressing is increased, and the grooves and fine openings
are clogged with the dressing waste thereby generating center
slow. On one hand, when the weight ratio of the polyol A is
greater than 50, the hardness of the polishing layer becomes
so high that the abrasion wear of the surface becomes higher
than necessary, thus reducing the longevity of the polishing
pad, and the fluffiness of the surface of the polishing layer
after dressing is eliminated immediately upon wafer polishing,
to reduce the polishing rate.

[0022]

The polyurethane foam is preferably a cured product
produced by reacting, with a chain extender, an
isocyanate-terminated prepolymer containing a
high-molecular-weight polyol component and an isocyanate
component.

[0023]

The polyurethane foam is preferably a cured product
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"B cohtéining t he polyol B and an isocyanate conponent.

The 5 pol yuret hane foam obt ai ned by the prepol yner
process is preferable because of excellent ppebizsbisg(sc)
characteristics. [0024] The polyols A and B used are
preferably hydrophobic. The reduction in surf ace

har dness causedby swelling or deconposition 10 upon
contacting the surface of the polishing pad with

poUlEACBY EBSEEDNy ParstD et dxtchBerpr asent
invention, the polyols A and B are preferably

ipokybebtantt hyleatediprepolyfieom thetainengdihet poiyol A and
hydrol ysis resi stance and excel | ent nechani cal
@ﬁ#&ﬂRﬁQQEH&FQWHHHﬂanP@ﬁ@lﬁpégéﬁPtPﬁP%ﬁ?¥%%?eqHEepOlYmer

chai n_ext end IS pr abl an .ar ' Lam By

g LB oftie: B0 B S i YhaBhYARetE, FofbSnt g mhe
pPRGGI b Rafl a¥biy . ol HNES b lihe YraideyREki PbBEss is

I ayer can be easily regul at'ed. The aromatic diamne is
p2efprebeeabbyaasaonf hatogererar gratiishidgarhpeacheristics.
consideration of environnent etc. [0026] In the

(gP84ént invention, the pol yurethane foanpref erably

o corbe e he A B h SR 4 s efRBL P AREBARIR. S the
Yt T8 8 n R 8hkal] YanR o3 MAddh sV T1 ind¥eReEBRposition

anount of the silicon-based nonionic surfactant is

ub8sascohaacOifp tidisurdiackoam whe pdlishimgelplas webdssiwrry
be hardly obtained. On the other hand, when the
camtdrer eby LB B s gashe, ITnRdeRAfran o ion, fheeolyols

PSR 520 e P e o IS ISl IR0 9301 O DA

vggﬁebﬂﬁg'o£0@%&%0ﬂ$§ié”%%gféﬂ%nQ%aéhbyeQEeiﬂ@nt mechanical
pol yuret hane Toamis preferably

strength.

[0025]

Inthepresentinvention,thechainexﬁenderispreferably
an aromatic diamine. By using an aromatic diamine as the chain
extender, the specific gravity, hardness etc. of the polishing
layer can be easily regulated. The aromatic diamine is
preferably a non-halogen aromatic diamine in consideration of
environment etc.

[0026]

Inthe pregent invention, the polyurethane foampreferably
contains a hydroxyl group-free silicon-based nonionic
surfactant in an amount of 0.05 wt% to less than 5 wt%, more
preferably 0.5wt% to4dwt%, Whenthe amount of thesilicon-based
nonionic surfactant is less than 0.05 wt%, the foam with fine
cells tends to be hardly obtained. On the other hand, when the

amount is 5 wt$% or more, the number of cells in the foam is so

high that the polyurethane foam of high hardness tends to be
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0.7 fo'b.88, nore preferably 0.73 to 0.85. Wen the

specific 5 gravity is less than 0, 7, the surface
hardness of the polishing layer is reduced, ptB872947R (5G)
pl anarity of an object of polishing (wafer) 1s

| onered, and the longevity tends to be worsened. On

the other hand, when the specific gravity is greater
than 0.88, dressing waste upon dressing is increased,

h%Q@lgh%b9599¥§§ and fine .10 openings are clogged with
the dressing waste thereby generating center slow.

[[0@228] TheAsker Dhardness of the pol yurethane foamis
preferably 45 to 60, nore preferably 50 to 55. Wen
t he ATkespBchaiean&syitynlittha pakyyypipass feqels preferably

Laparj ty. of b ect lishing is d o
AR i e BB Ry B B8 SIS cic
SEISAE0I 5P Sk o otpest Ll sl goanid obinin

1Ehetensié @adsNghbefl ahhepalyis et bbyect adnpsl pyteirey dbhfer)
15 MPa to 25 MPa, nore preferably 20 MPa to 25 MPa.
iphervattesl, antshed sangihtendy b8 HerwarearmdpPa Onite other

I i Zi lity. of th lishi d_t tQ be .
Bl MBI PEL LR 53, By Do
<B380 EhaeghiLdo e oBy g 25c0l) shiine

opkangatink alodiedieh tiedpebyungtiasne loamby generating
preferably 50%to 150% nore preferably 80%to 130%
cehtrr shewtensile elongation at break is |less than

gg%% t he abrasion 30 wear of the surface of the

( $hing | ayer becomes higher than 10 F-P07294TR(SQ

necesﬁﬁéXskgggﬁu%%gﬂ%%£8¥%ﬁgg*%ggg%g YnBfrdbei o ref?rably

pol i shi'ng pa . t the surface o _
450 oPOdd, Shb FE pha¥REa Bl [, 870° 1y €58] Nghies tald AERAt@fhardness

i medi atel y upon wafer” polishing, to
is less than 45°, the planarity of an object of polishing is
decreased, while when the Asker D hardness is greater than 60°,
the object of polishing is excellent in planarity but tends to
be poor in uniformity.
[0029]
Thetensile strengthof thepolyurethane foamispreferably
15 MPa to 25 MPa, more preferably 20 MPa to 25 MPa. When the
tensile strength is less than 15 MPa, the planarizing quality
of the polishing pad tends to be lowered, while when the tensile
strength is greater than 25 MPa, the surface of an object of
polishing tends to be easily scratched.
[0030] :
The tensile elongation at break of the polyurethane foam
is preferably 50% to 150%, more preferably 80% to 130%. When

the tensile elongation at break is less than 50%, the abrasion

wear of the surface of the polishing layer becomes higher than
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“reduce the polishing rate. on the other hand, when the

tensile 5 elongation at break is greater than 150%

the "consistency” of the polyurethane resi R BegomRSR (3G)
so high that polishing waste is increased to cause

cl ogging easily. [0031) The dressing speed of the
pol i shing pad of the present 10 invention is

preferably 6mimn to 17 mimn., nore preferably 6

rRIAJE A0 %Qu§1ﬁ@&halﬁd(¥ﬁé3ﬁ% gb%%@?'@f Eﬁe'ﬁalﬁﬁﬁlhﬁ pad,

prevention of clogging, etc. 032] " Furt her,

aprdeshaet £ lnvEndsanotet ot e;s;rtfaca nﬁtﬂmdpoﬂlsﬁSn@rmﬁm Aafter
a sem conduct or device, which conprises a step_of
dssisisshiond St Ré1BiURABR® TRmedialif Lo iR oo fear ePLdshANY, to

theﬁﬁpkﬁggﬂﬂgfﬁpad descrkﬁed abo%§§§§§8c&NCEEP§%§h66n51le

eﬁ%%g%Ele '@&ﬁ%%ﬂ; ﬁane fogﬂFﬁgﬁ P50/ tﬁe'rﬁbnéfﬁﬁﬂhcy” of

rising pol yuret aving fine cells
tpel bshirnge plaghofrelshe Ppsesmnd sionkegh ithatnpyl tohshgtwasfte is
a polishing layer only or may be a |l amnate
loerrsissedngootanspotlethi e &8l Y5 and anot her | ayer
. _.exanple, a cushion layer or the like) [0034] The
[&Q%QJrethane foam consists of at |east an isocyanate

00”100 ﬁ@tdfl@éis ng; EﬁbenétH;'o%C%erFmﬁmn@%y@lomﬁ@wegem

artlng co wher e

l%%tqehefyb@ef@@agmy mfﬂny@in?& COTRYRCAL , GRS @bRE farably
hydr ophobi ¢ hi gh- nol ecul ar - wei ght pol yol 11

6Fpﬁﬁmza4EEKEm3pm/minnurﬁyamlnunbemaﬁmpamageoﬁoﬂengéaity,
ght ,of 5%0 io 800 and a hydrophobic

ﬁ@ﬁnﬁﬁPécﬂ FLoRIYRe - potYol B having a nunber-aver age
%%b§ﬁular wei ght of 950 to 1300. [0035]

Further, the present invention relates to a method of
producing a semiconductor device, which comprises a step of
polishing the surface of a semiconductor waferwith the polishing

pad described above.

BEST MODE FOR CARRYING OUT THE INVENTION
(0033]

The polishing pad of the present invention has a polishing
layer comprising polyurethane foam having fine cells. The
polishing pad of the present inventionmay consist of a polishing
layer only or may be a laminate consisting of a polishing layer
and another layer (for example, a cushion layer or the like).

[0034]

The polyurethane foam consists of at least an isocyanate
component and a high-molecular-weight polyol component as
starting components, wherein the high-molecular-weight polyol

component contains a hydrophobic high-molecular-weight polyol
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"5 The bblyol Ais not particularly limted insofar as

it is a polyol having a nunber-average nol ecul ar

wei'ght of 550 to 800 not containing hydrophkilihg294TR (5G)
groups ot her than hydroxyl groups reacting with

i socyanate groups. The polyol B is not particularly
limted insofar as it is a polyol having a 10
nunber - aver age nol ecul ar wei ght of 950 to 1300 not
2CR04R0BT A% odlYF Ophdfe SHoQWRS19EhREL §RENHYIIOXY 800 and
groupsreacting wth 7 socyanate groups. [0036] The
ahygidepbhbbe cgh Ogpsnel del d:hare fydr ollyedr Bupsvang alb
general l'y functional groups or salts containing an
nanbesneveustie melesyhen weidhogdnh B0 &@ £1¢P0 and

% | es include functional groups such as -NH2,

[ , -NHCONH2, -SH, -SQJH, -0S03H, - (CH2CH20O a ,

and - |t c 2 i e 11 RleRl) as it
i osos%)‘g\lt]ﬁ?%%?jl RESXRE B 3?‘2;?“?’8?%%%;“4&@ hal ogen) 20—
1[:0937]1 ythehpok gl s nimbed-Bvepabadel dorl saxaspbht of 550 to
hydroxy-term nated pol yester polyol, polycarbonate
8961yt conpalyisy bydpepthi enaues pdhed thasphydeegyl groups
pol yol , pol yet her ol ycar bonat e_pol yo ol yest er
rgﬁpg pgpﬁé5%|1§%gy %%¥y%ﬁ?u3ﬁ3 TR %o&yof g 18 not

, I [ yol |y he oLe
sFROLBLS) Bebbth dh eee e lyendenl Yesenchavehiel
rﬁMﬂHé@L@DEkQﬁQ wsticpaliear wpakiibubd §1%9te tadl pad evot containing

pol yhexanet hyl ene adi pate, and pol ycaprol actone _
hydirpphidtc. g80up903Then X IRPOIRPRYISGroUPHe YpaFéREeyith
pol yol includes pol yhexanet hyl ene gl ycol (PHMG ,
igeryeser8n8ERYPEne gl ycol (PTM3), and pol ypropyl ene

.[%Io)é%?l (PPG etc. [0040]

The hydrophilic groupé other than hydroxyl groups are
generally functional groups or salts containing an element such
as oxygen, nitrogen or sulfur, and examples include functional
groups such as -NHz, —-CONH, —-NHCONH,, -5H, -303H, -Q804H,

— (CH,CH50) o—, and ~COOH, and salts suchas -SO0sM (M, alkalimetal),
-0804M, -COOM, —-NRsX (R, alkyl group; X, halogen).
[0037]

The polyols A and B include, for example,
hydroxy-terminated polyester polyol, polycarbonate polyol,
polyester polycarbonate polyol, polyether polyol, polyether
polycarbonate polyol, polyester amide, phenol resin polyol,
epoxypolyol, polybutadienepolyol, andpolyisoprene polyol etc,
[0038]

The polyester polyol includes polypropylene adipate,
polybutylene adipate, polyhexamethylene adipate, and
polycaprolactone polyol etc.

[0039]
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"5 The ﬁolyether pol ycar bonat e pol yol includes products

produced by reacting diols such as 1, 3-propane diol,

1, 4-butane diol, 1,6-hexane diol, polypropybengsodTr(sc)
gl ycol and/or polytetranethylene glycol, with

phosgene, diallyl carbonates (for exanple, diphenyl
carbonate), or cyclic carbonates (for. 10 exanple

propyl ene carbonate). [0041] Exanples of the

pol yesherpdof AR b @Rake1pohyDhdé HGdidtermRahiy0Bne glycol
products (e.g. polycaprol actone polyol etc.) of

(PeMgEest polytgtoimeviylers lglyvend d&TNGNat esd nelverpprbene
products 15 produced by reacting an ethyl ene carbonate
shvERla (BBEYvaFent al cohol and then reacting the

[ ggg ting reaction mxture with an organic

8 boxylic acid. [0042] The polyol A may consist of

t he abpyessBRLii100e hdie) s bord@ ealbeN§olr iABYudEs 3products
conblnatlon of two or nore thereof. Simlarly, the

probyakd Byragacoiisg siiodb duwh abdyé-peoproreti plol ypk-butane
alone or may be a conbination of two or nore thereof.

diod43t, ﬁhbe%@@% thm@rywwnﬁog}a@éoﬁﬁ@ﬁ%ﬁt i s

oBS L EE LB RALeRS Ui PR ROt AR 1§ B Bonates
(@pd ussably, L&Eﬁ%&%&ip%bxebnﬁeapouﬁﬂﬁamunxtEarb@ﬁaeégakfor,

f el d of pol yuret hane. When the’ polyol conponents
egbiplet paspyhese cespyhdiad above are used, the anount
thereof is preferably 20 wt% or | ess, nore preferably
[264W % 30 or | ess, based on the whole of the

N o gelechlars el 9Lk, 9 SRR B ) tnciudo
ST T3 ol b o
polyester glycols with alkylene carbonates, as well as products
produced by reacting an ethylene carbonate with a polyvalent
aleohol and then reacting the resulting reaction mixture with
an organic dicarboxylic acid.

[0042]

The polyol A may consist of the above-mentioned polyol
alone ormay be a combination of two or more thereof. Similarly,
the polyol B may consist of the above-mentioned polyol alone
or may be a combination of two or more thereof.

[0043] |

The high-molecular-weight polyol component is preferably
polyols A and B only, or may contain polyol components other
than those described above and usually used as polyol compounds
in the technical field of polyurethane. When the polyol
components other than those described above are used, the amount
thereof is preferably 20 wt$% or less, more preferably 10 wt$
or less, based on the whole of the high-molecular-weight polyol
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5 i socyanate conponent includes, for exanple, aromatic

di i socyanates such as 2, 4-tol uene diisocyanate, )
2,6-toluene diisocyanate, 2,2'-Biphenyl nevhape294TR(5G)
di i socyanate, 2,4'-diphenyl nethane diisocyanate,
4, 4" -di phenyl nethane diisocyanate, 1,5-naphthal ene
di i socyanat e, p-phenylene 10 diisocyanate, m phenyl ene
di i socyanate, p-xylylene diisocyanate and m xyl yl ene
d@'?gggﬁ@gate aliphatic diisocyanates such as

yl ene diisocyanate, 2,2,4-trinmethyl hexanethyl ene
[@i0i4gdcyanat e and 1, 6- hexanethylene di i socyanate, and
alicyclic diisocyanates such as 1, 4- cyclohexane 1

di i SOBg &Mat LSO aNatH SYBPMIK AR IH T IHL YA field
S SEIRENR A SOTHANAE: B00 L0t %@gt@mgwlﬁa@@r&m The

ﬁ%@ahaﬁéeeém 6R045]1 s ddiss | SRy @3aA El@?”@@@ﬁi@tlcl t

I'S possible to use not 20 onIy t he above-descri bed
ddilisseoynatée sonpoamds, bittolalese dhilsbcyanetepnd) 6—~toluene
trifunctional or nore) polyisocyanates. As the

dmﬁpwan@teon%u 2 shihaittle W@@q@élsacgéﬁ%gr of

diis nat uct conpounds re gonme _
i PABTETHE Fept LN AT add  Dop ShaPLH TaEhERe
d?hggbggha£ duﬁtSyhéghthafg%éidiikocbggéﬁb Eﬁaﬁﬁéﬁ§léﬁe

it ecu1ar wel ght pol ypi that can be used
diegethenave | hmaphéghtemi etidlsaoyamiaglet, pekybdyleescri bed
above include: ethylene glycol, 1,2-propylene glycol
dggsmcsapabgya@%éngxwenel A isecxireatey , 2liphati

3-Db di ol 294TR( S
dydouianedt ol o, 14 B POTRATRA. L bubanegiohy erny)

éxémgxéﬁgeaﬁéaggg %ngg%wgngghgggmbtéyp&@éamfgbcyénate,
a$d4amh&&@ih&daﬁ&Q@ﬁyﬁmw&ﬁenﬂmmeastﬂuﬂebpynohpxm@ane,
diisocyanate, 4,4'-dicyclohexyl methane diisocyanate,
isophorone diisocyanate andnorbornanediisocyanate. Thesemay
be used alone or as a mixture of two or more thereof.

[0045]

As the isocyanate component, it is possible to use not
only the above-described diisocyanate compounds but also
multifunctional (trifunctional or more) polyisocyanates. As
the multifunctional isocyanate compounds, a series of
diisocyanate adduct compounds are commercially avallable as
Desmodul-N (Bayer) and Duranate™ (Asahi Chemical Industry Co.,
Ltd.).

[0046]

Examples of the low-molecular-weight polyol that can be
used together with a high-molecular-weight polyol described
above include: ethylene glycol, 1,2-propylene glycol,

1, 3-propylene glycol, 1,2-butanediol, 1,3-butanediol,
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5 gIYcé}in, 1, 2, 6-hexanetriol, pentaerythritol,

t et ranet hyl ol cycl ohexane, nethyl gl ucoside, sorbitol,
mannitol, dulcitol, sucrose, ' F-P07294TR (SG)
2,2,6, 6-tetraki s(hydroxynet hyl ) cycl ohexanol ,

di et hanol am ne, N-net hyl di et hanol am ne,

triethanolamne and the |like. Oher 10 exanples that

can be used together wth thehi gh-nol ecul ar-wei ght

1P YRk 2a3k89 ol NCh Ugeh ¢ Qs IR 1.0 AiTesRin@hli o9 MaBhestyl
duch as et hyl enedi am ne, tol'yl enedi am ne,

odivehanyl pethariedicanineelimedhahby | ehetatitarti-rie Sapdntheediol.,
| i ke. The | ow nol ecul ar-wei ght. polyols and the

diswhydeacubarcabi ghtipbhykenatElsyGily be used 15 eit her
al one or, [ n,conmbipation of two Qqr. .nor [ . 1 Xi ng
Tdamsdy b EaERe o i ai e R C3P 8P and
noh egul-af, - Wej ¢ POl ' ' togpecifically
e B S

tehanactakilsl boal segrhiedmédhy]l glraosidef soedipol j shnngtol,
pad (a polishing |ayer) A nolecular 20 wei ght of a
dudwirollecgbaroaei ght pol yol and a

o Seu acun Bl S s Ao 500 e
Nyﬁé%%&ﬁhEgEﬁaﬁgfgﬁiﬁeP“gfgg%ﬂéﬂﬁﬂ MBARSandSt 1 @ ke. Other
pi epof yner net hod, a chain extender is used in curing

eampd cBMeRG e udeg bayBtBxt e dREheh iah-aodaoutar-weight
conpound having at least two active hydrogen gr oups
peigodx aipbesnoludae hewinelehyldioyed dtopp lyaRingesugh as

SR HRIBP Ao ABL TG Sabll Fre s oonerery ERbRgp RS e Bing,
dgd‘e;bg%gg%?@g&sngﬁ& Lie! pdgs, pehvambheso suchn #8-ignt
p%,lg'o-lgeahml enBbL &k msTd @i nanivdingy MolAkmines may be used
2, 6-di chl or o- p- phenyl enedi an ne,

o4 thlezmel bye enebns¢enisind thtodahipigieyrore kinds. A mixing
qih%%gki(g%tQggﬁhég)ézléﬁiégfggﬁﬁggygéyaht polyol and a
low-molecular-weight polyamine is not specifically limited and
properlydeterminedsoznstonmtchcharacteristicsrequiredfor
a manufactured polishing pad (a polishing layer). Amolecular
weight of a low-molecular-weight polyol and a
low-nolecular-weight polyamine is less than 500, preferably 250
or less.

[0047]

In a case where a polyurethane foam is produced by means
of a prepolymer method, a chain extender is used in curing of
a prepolymer. A chain extender is an organic compound having
at least two active hydrogen groups and examples of the active
hydrogengroupinclude:ahydroxylgroup,apmimaryorsecondary

amino group, a thiol group (SH) and the like. Concrete examples

of the chain extender include: polyamines such as
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5 3, 5-bis(nmethyl.thio)-2, 6-tol uenedi am ne,

3, 5-di et hyl t ol uene- 2, 4-di am ne,

3,5-"diethyltol uene-2,6-dianine, trinmethyl epepg7294TR (SG)
gl ycol - di - p- am nobenzoat e, pol ytetranet hyl ene

oxi de-di - p- am nobenzoat e, 10

4,4" -diam no-3,3",5,5 -tetraet hyl di phenyl net hane,

4,4' -di am no- 3, 3' -di i sopropyl -5.5" -di net hyl di phenyl et
hane i s (0= i1ine) (MOCA
44?4'TSFSK%%%?%?%‘?5?%%9€%ﬁ?ﬁ% sggﬁopyléfphenylnethane,
2} 62dbich( 3ranp Apideyldidd igreitnegne,

4, 4" -di am no-3, 3' -di et hyl -5. 5" - di met hyl di phenyl nmet hane
4, 415muERyleneles { bul ydidhlpragirddiiigpheny| net hane,

3,3 -diethyl -4, 4'-diam nadi phenyl met hane,

SR pLIBREAY iR 2 e L uened anine]

-di - = PhE K: |20 .m-phenyl enedi am ne
3é§db§g?Q§F§¥%%£ﬁ?£§?%%; igakno %gﬁﬁgf-meight pol yol

3G8npeReRY 1 tahdend-2 oWw-didreicid ar - wei ght pol yam ne
conponent. The chain 20 extenders descri bed above nay
3h6-dsethpl t hbvend ohebvtiaming x tiudaetdy1ewe ki nds or

. E i al l f bl I f
EUANGE R CE T RN

5= biys (JTE i.0) -2, 4-tol uenedi am ne and
O%}gfbbg(ﬁg%ﬁ§+é$%é39%%%ﬁtoIuenedianine. 25 [0048] A
41,3t Lgi bR MEED, BN, § SDCYaNR A (0GTRApERhy lAacphhyo)
conponent and a chain extender in the invention can
ahé’ atit emedot B, ¥ardbisopwwans dc &S rdilmg thy lgbpeeny Hpethane,
wei ghts t hereof, des}reqwgpysical E{o erthes gf a
4pdl FehPRETBad: Ancd the 15 A LIWPTOPIF PG BEL AP 30 a
pgl {.$hi, By ] | | shing characteristics,
laaria??lg(gg i@ﬁgo%%4lété%&§é,t he nunber of .
41 30CYABAL Bo 98 PYPSI 1 S 1AL 4 o yaialee hgaaponeny imethate ve
fo a total number of active hydr ogen groups (hydroxyl

NgNouds - seanbuby bt dbubS)dianiaqpdleyyllrediposent and a
chain extender is preferabl iin the range o rom,. .
3038004 5thy D0 o B AR SRS et hane Hoxy1y1 b88kianine,

N, N’ -di-sec-butyl-p-phenylenediamine, m-phenylenediamine and

p-xylylenediamine; low-moleculer-weight polyol component; and

a low-molecular-weight polyamine component. The chain

extenders described above may be used either alone or inmixture

of two kinds or more. Especially preferably used are halogen

free aromatic diamines such as

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

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

[0048]
Aratlobetweenanisocyanate component, apolyol component

and a chain extender in the invention can be altered in various

ways according to molecular weights thereof, desired physical

properties of a polishing pad and the like. In order to obtain

a polishing pad with desired polishing characteristics, a ratio
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"5.in the range of fromO0.99 to 1.15. If the nunber of

i socyanate groups falls outside the range, a tendency
arises that insufficient curing occurs, theLepy294TR(SG)
neither a specific gravity nor a hardness, both are
desired, is obtained and polishing characteristics

are deteriorated. 10 [0049] A pol yurethane foam can be
produced by applying a nelting nmethod, a solution

<&ﬁkﬂ%dn8%b@kKﬂ@%@o%&ﬁh@@@idfﬂdﬁ%Wiheﬁﬂrﬂéb&yanaﬁ@Dagmponent

ich preferable is”a nelting nethod, consideration
fegiang vegtvyentboad mosisr afwortireg hgdvbgenneriumndhyteoxyl
like. 15 [0050] Manufacture of a polyurethane foamis
gaTratFiset] AN AEHIPIP SO L RareY ol PR SIHR NS PRy prgender

, h f whi f bl i
A FRE 95 e g andsty e dt B FATRE AR REEEBLTE a1y
%g;:@gp!{}{gg’péfdfé&w.@@ 20 1 3ecyanati, LANRBERNYE 2BEcdanate

onent 1 n advance, with which a chain

wpidenlils beasied shaceapdysicaerplenogr birdsesf thah
obt ai ned pol yurethane resin is excellent. [0051] Note
itrtsarf faie Lieo b oyramiate ot e ke ndtheg shvepol Yl awRec1ogravity

nmol ecul ar, wei gh the order in the,range of f.rom 800.
RO 090 LCPESEy PR ALTES LURSUAE o DrbirRey “TH BOLEeRing

r%gQiIL .and YS§) : rties. [0052]

‘%ﬁ%u agﬁﬁkélgg ?Eg %%?g%%%tlgﬁg foamis to nix the

fdossty 30 conponent containing an i socyanate group

contai ning conpound 17 F-PO7294TR(SG and_the second,
conpoBew Yo tHianen§oan cact be @ 1oPRcsgdy gpedying a melting
cont ai ni ng..conpound. to,thereby cure éhe reaction

nﬁﬁﬁﬂﬁht? qq;uqﬁﬁglﬁﬁgwgﬂ§ﬂﬁ? Wpyre haniza ion technique,
Anoh ‘9}[??(%1? iatrgqu]rgﬁigqs% aRQkY rmetﬁ’gfd’,eéo%i@é‘z;ation being
1'SO e’g g corpoun

ana roup containin and a chain
given to a cost, a working environment and the like.

[0050]

Manufacture of a polyurethane foam is enabled by means
of either a prepolymer method or a one shot‘method, of which
preferable is a prepolymer method in which an
isocyanate-terminated prepolymer is synthesized from an
isocyanate component and a polyol component in advance, with
which a chain extender is reacted since physical properties of
an obtained polyurethane resin is excellent.

[0051]

Note that an isocyanate-terminated prepolymer with a
molecular weight of the order in the range of from B0O to 5000
is preferable because of excellency in workability and physical
properties.

[0052]
Manufacture of the polyurethane foam is to mix the first

component containing an isocyanate group containing compound

17



10

15

20

25

30

"5 extender serves as an active hydr ogen group

contai ni ng conpound. In the one shot nethod, an )

i socyanat e conponent serves as an isocyanakepgf9YPIR (SG)
cont ai ni ng conpound, and a chain extender and a

pol yol conponent conbi ned serves as an active hydrogen
cont ai ni ng conpound. 10 [0053] Manufacturing nethods

of a pol yurethane foaminclude: a method in which
aﬁ@lkﬁﬁ’gﬁﬁﬁﬁiQkﬁmﬁQ@%Q’c@nﬂﬁﬁﬂﬁﬂ%QﬁlHkﬂﬁ@@”h?grogen group
net hod, a chemcally formng nethod and the [ike.
cdoB834hind Scdipeouret hantkatélyy faam hieneddodi arsiprgdast. In
active hydrogen group-free silicone-based surfactant
t@@nwepbigm@r e v dal Ry |1 sosvagesrsLesIBRhefl prepolymer

SERRRLAE e SRS TR DR AT S AR e @ onatn
ege'ﬁ'iﬁgl%r(s}%fv% J@%Q@Eg;j%ﬁﬂdg@%er% cohd £h 1 fRBoBSound .

I one as a preferabl e conpound. (0055] Various
Taddhti ¥es drmyt hethogedansishepsnat staabigdneert serves as an
i ncluding an antioxidant, a lubricant, a pignent, a
isokyenataryrcun fenheieingaempanadet 3t & chaiy eagender and
Des riEtion will be given, of an exangle of ,a_net hod q{
ap PRAUET nEOBP PP Yur ARG GEMVSE 45 PRe2EEEF St A7 09°
RN | ishing pad (a polishing |ayer)
C%@E%&bagﬁngg%%%u%$' manuf act uri ng such a pol yur et hane
[boannhas the follow ng steps: 30 1) a foam ng step of
preparing a cell dispersion liquid of an 18 .
F' - PO¥2OUTR 8GNy imedbpdrat -2 BpAvREeblape dpay sBelpge: a

first conpqgnent , &Ferein a sjlicone-based .
na PR NRIES BN PREG SR A ar AT B TR dgfoaming
nRERBA, Y HBLnotLely § SeAGlLRL Gl chiddf AR Bhesenge. of a
non-réactivé gas to there I sperse the

[0054] '

The mechanically foaming method using an active hydrogen
group-free silicone-based surfactant consisting of a polyalkyl
siloxane/polyether copolymer is preferable. As the
silicone-basged surfactant, L5340 (Nippon Unicar Co., Ltd.) and

SH-192 (Toray Dow Corning Silicone Co., Ltd.) can be mentioned

as a preferable compound.

- [0055]

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

[0056]

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 foamhas the following steps:

1) a foaming step of preparing a cell dispersion liquid of an
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" 5 non-reactive gas into the prepolyner as fine cells

and obtain a cell dispersion liquid. In a case where

the prepolymer is solid at an ordinary tenpeLabyh84rr (SG)
the prepolyner is preheated to a proper tenperature

and used in a nolten state. 2) a curing agent (chain
extender) mxing step 10 , wherein a chain extender (a
second conponent) is added into the cell dispersion

liisgaivenavwbi-tbrinsnaged ab &sbd oymder @by iokitaicimpankaam ng
reaction liquid. 3) a casting step , wherein the
frowhelgineactl brconehalb¢d wastadtmrd dsmeldded 15td)am
curin ereig the foam ng reaction |iquid

uh on I

A4GE NG P BERRE BEE VR He® RYRPONGIRE 1 $Mickt dd ARALATed in the
Con- cur ed. (00571, T “reagli d f

e e

abd-reagpecefdLalint Ntheogesho MIERs FANEXFDOL and obtain
di oxi de gas, a rare gas such as helium and argon, and

a aexéddgamerhieorofiqunt t ir ai cask ivdcto thenmprepwayeer is
I S_nost prefgtable in respect of cost. [0058] 25 As
8O3t Fri el GradNep¥r SIS At 16/ thEnRt Prdedner is preheated

ria - - . i first copponent to for I ne
ggl%sg&??%r ?éﬁ&%&éﬁﬁ%%é%%@éuﬁﬁsfjkﬁb&ﬁlgFPr?g%geCan
be Hsedrwhghegént Peekd ol @it ddddd)akdigingagdegxanpl es
t hereof include a honogenizer, a dissolver,atw n-
sCvieeypd Bmet ahpinxextender The s@@oskhapempdbnentst iirsr adged into
bl ade of the stirrer is not particularl 19

ERS 2G4 FRERES S 197 il dei ikesh imﬁqid:a/v?/ﬁdpb@ythe)rﬁ@y obtain
FOSERR AL PR ueed Lo form fne cell s
gsed tAsting step

, wherein the forming reaction liquid is cast into a mold,
4) a curing step

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

[0057]

The non-reactive gas used for forming fine cells is
preferablynot combustible, andis specificallynitrogen, oxygen,
a carbon dioxide 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.

[0058] '

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

homogenizer, adissolver, atwin-screwplanetarymixer etc. The

shape of a stirring blade of the stirrer is not particularly
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5 stfrf]ng for formng a cell dispersion liquid in the

stirring step and in stirring for m xing an added

chain extender in the nixing step, respectineby2olfr(sc)
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

19 kB e 1B Dep S &O0whifod Per wid BEi RO GG R.adRdl$ Peeferably
m xi ng step, and stirring conditions such as

usevioltut fopmr fLleeofelhe. stirring bl ade are preferably
regul ated as necessary. [0060] 15 In the nethod of
[@@g&dcing t he pol yurethane foamwth fine cells,

h [ d - [ f the f . al :
acti R Zonet PRI R iharg R SRRt Babghese i

casti ormng reactlo

s_%‘i'rg:iﬂgt Ebr themidicsReEsl prud 9t filow di gyiaren effeesti ¥eing
in inproving the physical properties of the foam and
sae@ exd riemeky rpiefef@blre xiTlygea? Gaddmdrichg ineactemter in the
liquid may be cast in a nmold and i mediately | .
ngeangcabed, | heapdebi Yoy oven, PARGIEVEAr undkirEing in the

conditions, heagt,is not .i diatel y _con te Q

L8386 YL BHGENPS < EL kL NS e et ot APt g PErrer
n%%e%&?éré{‘ﬁ{ 336de dbe1 Lyl Pgeféﬁé’lﬁﬂr @3edS  Such a stirrer
conduct edpr et erabl yat nornmal pressures to stabilize

i%%t@ﬁeﬁdﬂﬁm 20plegktsry 00, | Dheherpy aducteomay behesed
pol yurethane foam a known catalyst pronoting .
ipdihaisel hoieg seaptanshtheniKing sttepy i did/st bRt Hed pgaditions

BataryotSteliont o & Riet Bt ec TRt SOS THETR (57 BF SFrowLY
R o R hy i Stop. [0062] Production of the.
[Roleyyr et hane foam nmaybe in a batch system where each
ComoggThel n?eggéc?g%dproolgdcilngtggg ;gigulrg%:}?age \J/‘_%Sé?nev\llith fine
cells, heating and post-curing of the foamobtained 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. The
forming reaction liquid may be cast in a mold and immediately
post-cured in a heating oven, and even under such conditions,
heat is not immediately conducted to the reactive components,
and thus the diameters of cells are not increased. The curing
reactionisconductedpreferablyatnormal pressurestostabilize
the shape of cells.
[0061]

In the production of the polyurethane foam, 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
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5 and m xed or in a continuous production system where

each conponent and a non-reactive gas are conti nuously
supplied to, and stirred in, a stirring apgpapatpus4andsc)
the resulting forming reaction liquid is transferred

to produce nol ded articles. [0063] 10 A manufacturing
nmet hod of a polishing pad of the invention may be
performed in ways: in one of which a prepol yner which

da%tan@a\_ﬁhnat riabrdremadigdl B aflarunehaieihgastiés.
made i's put into a reaction vessel, thereafter a

[Cl9®i2n extender is mxed into the prepolyner t he -
m xture is agitated, thereafter the 15 m xture is cast

into BrRgnatypR ﬁférﬁr REfStEEHIREE @az*@n%bteﬁélrae%@tchsystem

repare @ bl ock an the Dbl.o S c
Pge Each GBS s bt <0 i HREEROMRET Sl Gheeer
ah@ §e§t89 oh acééﬁtiﬁhddgégﬂdﬁﬁdﬁwdﬁ S@stamnwﬁeﬁéteach

irectly produced sides, a still another
cwalpofmnt bencheopdreer éacthichaa amsicon2nobus aw avgpdrieal to,
is nelted, the nelt is extruded through aTde to

am%ewebzyreﬁb i ae pﬁdqwlémaa@a%w dindebhe yra sy itHeds hapring
0064 h t
BB TEai bt 28S i e it el (0 ety A Y AEAPE EEb oo,

Igss and nore preferably in the range of from 30

g gm |If an average.cell dianmeter exceeds 70 m a

t endepganaifiages ri hatmet pldana ki pyl iofhiany pod edtthe dnbention
pol i shed after polishing is reduced. [0065] 30 A

mpyl behpeayt preeed piot |hs‘v\h45ﬁg inagee ) obfWhid |3n@§ﬁppéﬁm?§ which

21 F-P07294TR bl
e reesPone Rt PO EUET gh PS LY HEE b Bhe Lt SP AT APt
15%Be§”93a f%ﬁ”@é@s hoyg rbaf€e§Q§QﬂWﬁ§{%2kﬁ%der is mixed

i Shi ng a er ormed wth a fine foam nany
1ﬁﬁ©ntﬁgspﬁéﬁbIYMbﬁ%lﬁﬂd shikBgreut § anel Haterdgofhetrkaliter the

works so as to hold 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 polyurethane foam directly in the shape of
a sheet.

[0064]

In the invention, an average cell diameter of a
polyurethane foamis preferably 70 umor less andmore preferably
in the range of from 30 to 60 ym. If an average cell diameter
exceeds 70 um, a tendency arises that a planarity of an object
to be polished after polishing is reduced.

[0065]
A polishing pad (polishing layer) of the invention is
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5 slurry, a depression and protrusion structure are

preferably provided on the surface of the polishing
side thereof in order to achieve nore of ha-daFiZloidmR (SG)
and renewal of the slurry or in order to prevent

i nducti on of dechuck error, breakage of a wafer or
decrease in polishing efficiency. The shape of the
depression 10 and protrusion structure i s not

e fd 1l 184 hyotided edth ashfpate s sdsnsdnd 4 prognubéon structure
retai ned and renewed, and exanples include |latticed
fpobeddingomed maniey inigr 8| SlutrapedTiposh el a case where the

g P P53 b T B2 i Fogforfhal difos are
M %o\%)%‘i’i.s?@ﬂgas &éfgegb&ﬂaw Wi b ASEKYr gVES +JIM®1d the
groove pitcn;, groove w 1 , groove thickness etc. are

i PPl i eepakbyibh MiEdRtNe onabdruaf €rs Hicdreferably
determ ned to form grooves. These depression and

mpraoticesi on tSta sordrecar £ thenpo bl bl nhesisienbbengof in order
regul arity, but the groove pitch,

i dt h |

6 SGPL B RIFDOE, NEhAL Sb bSO P ERENGL( b PEaRhiTEY O in
e SHEF 0L Death .

GO seEVelh, L i SEREHERA B ke of & vater

SRt @5 A1 RPE1 PERT AYBFENC1SAEYCT UM diapPbf the depression
particularly limted, andforexanple, formation 25 by

aret paoitcabiont st mgcwitdh i jniog pachiaslarby tldmifted insofar

predeterm ned size, formation by casting and curin
Fedliiy §9RobE ﬁﬁbﬁh@edaa%elmﬁ*w%ﬁ%@@wggsﬁ Tnolude

Y RS A0, 2518 LD Bl Gae g Bl

rface shape, r

Mh!-mqg%apmwﬁwfd@n%l@s,ap_@ny@bhsé%gprﬁm, c@ldnder,
formation 30 by a laser light using a gas | aser
sprirdie girickees22cEcPOT204 TIR(EFe s [ A06H]a [T osvatst, eandf a
the thickness of the polishing layer is, preferably |,

CH PAGAONERE hARENIE Y aat TBF SIOTFR PLACRKIEEAOTS ¥idth,

GpeE thlekhesd RY. JAL 4R PAH L Pk 18RUREE dither, and
are gultably determined to form grooves., These depression and
protrusion structure are generally those having regularity, but
the groove pitch, groove width, greove depth etc. can also be
changed at each certain region to make retention and renewal
of slurry desirable,

[0066]

The method of forming the depression and protrusion
structureisnotparticularlylimited, andforexample, 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, and formation

by a laser light using a CO, gas laser or the like,
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5 portions different in a contacting state with an

object of polishing, thus adversely influencing
pol i shing characteristics. To solve the scatpen204TR(SG)
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 10
abrasive grains of dianond deposited or fused thereon,
ow7ghe polishing |ayer outside of the range

descri bed above requires a |onger dressing time to _
r educBhe hecattfecicdndreothpekaast i oh.thg godsshAggglayer is

nmet hod of suppressing the scatter of thickn . ere
PESTEEARTY oL 00 it REGLBFS bu Mg tiReSeaTae @ of ienbhi iness
RO] I shj I r Vi - 11N ' S
8ot et PR TR0CRE T BRBRTS B LR oY S B generate
ppekishkn@i sheesst did ferenitdot igraistatsi weth[ 8068hje20 of
A polishing pad of the invention may al so be a

phanshang, ohus pdvertelng dnbleensgdadareddhhdndsheet
adhered to each ot her

o701 T hi h
PEHSHESR P hy ey DSmSehERIdE PERLLSRAREre f ey of the

R S R - R A

geRedal 12dapkh 1eleidonrshige op KR sMRimnbYyi4 yireekershiving
flatness of a pattern regi on upon polishing an object
abkapove shigigishati cigndrichdepneibadass fyendrizheiapoput the

patteu1fornaﬂ(nn,andwﬂfornit% refers t bhe
DAL FBA G L LAHAE ORESHABI BF diheaReBBP (o H LRSS FBRVAGFeBpires
Pl anarity .i.S.| eg b rackeListd féfoé LBt
ok hesS RIS Go e ae CHE BEEELI SnoF dhrodiorion.
[b8eBProved by the characteristics of the cushion

| 'ayer. The cushion |ayer used in the polishing pad of

t he pkesemtlioehisupprisspnaftéreabtytef pdrthikdmesse there
pol i shi ng Iager. . Co

ig 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 ingrain
size.

[0069]

A polishing pad of the invention may also be a laminate
of a polishing layer and a cushion sheet adhered to each other.
[0070]

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
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, anduniformity

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

Planarity is improved by the characteristics of the polishing
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"5 [0071] The material forming the cushion layer is not

particularly linmted, and exanples of such materi al

i ncllude a nonwoven fabric such as a po1yes§g§o7294TR(SG)
nonwoven fabric, a nylon nonwoven fabric or an

acrylic nonwoven fabric, a nonwoven fabric inpregnated
10 with resin such as a polyester nonwoven fabric

i npregnated with pol yurethane, polynmer resin foam

l?xg'%géa\%hffé 3(1‘1’1&%%‘1%3/]‘ oam ve@%ﬁeﬁmlc‘?ﬁ%a“c@@%stics of

r-resin such as-butadi"ene rubber and isoprene

thubbesh i @ndaphet osgRsthsMeon asiyer 1962 tAs pidmhihgrpad
adhering the polishing |ayer to the cushion [ayer =
cifrtleigeesént iexanplien ie pres fokhly ahfEdr Ahasublere] deking
tape is sandw ched between the polishing |ayer and
lawereushi on | ayer, followed by pressing. [0073] 20
[§Eg ﬁouble sided tape is of a commopn construction in

i% adhesi ve | ayers are provided on both surfaces

of a gHbsLEake ] FHHMidY EhenvRYen 16gbKiie 0ot pattionlarly
It is preferable to use a filmas a substrate with

ldonsiede raaid emamg Venof Gushavalionl 106l pde pawrivnyess fabric
slurry into a cushion sheet. nposi tion 25 of

A 1
saGHe3Pve PEMEISTEE TOBHOURANBIR of % MU Opyeyan Tabuic
oggggls%%x_e y lic:a gﬁo%g{féﬁ)énc 'fggt?&g a&l r}?cﬁ‘h%cie\ree(}[) ftalgﬁ‘ilc' E}?pfé@%&lted

ase esive 1s bref era ecause o

wkhar &N 60Eh s A Alye Jt@ISnohPovdt Abedasindfcina@Rd $ith
given. Since a polishing |ayer and a cushion sheet is
psagerketiasndj ffcdvertr rastofvesi siclh s pol goretiednofeam and
di fferent conpositions are adopted in respgctive 4
PPlperhydeme Styamqanediare FEgBr 3UGH %@at@dﬁ%&df?éﬁ%’f and
to therebébalso enabl e . adhesive forges of the

iFQEﬁQBFi6 %%ﬂés?@ RQR&Q%?Q%%Hﬁe adj’Ustéd to proper
[ﬁ@bg§s. [ 0074]

Means for adhering the polishing layer to the cushion layer
include: for example, a method in which a double sided tape is
aandwiched between the polishing layer and the cushion layer,
followed by pressing.

[0073]

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 sheet. 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
ahd a cushion sheet is sometimes different in composition fxom

each other, different compositions are adopted in respective
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"5 A polishing pad of the invention may be provided

wth a double sided tape on the surface of the pad
adhered to a platen. As the double sided t@QEOTQQE@ﬁ?SG)
of a common construction can be used in whic

adhesive | ayers are, as descri bed above, provided on
both surfaces of a substrate. As the substrate, for
exanple, 10 a nonwoven fabric or a filmis used.
a%{h%fsqrv@bll}éygfz‘gdofsdéu 14 M1 A% & PSS 2R rEbhCllso enable
separation " fromthe platen I's necessary after the use
0fh e iRel fSidilo Pate ASsharipesShditesi wf lape nstesieradjusted
| ayer, for exanple, a rubber-based adhesive or an

tac pyoperbagédesadhesi ve is exenplified. Preferable is

an _acrylic-based 15 adhesi ve because of |ess of netal
[%94¢1in content to which consideration is gi ven.

0075}, £, PO g0 et 0 LAY GRd fAPRLGAE LRI Rled with a
operation 1Tn “a step of polishing a surface of a

JRHLEONHUEA 0 pWadethdl $ilr Bac?BF Ald BhungRRtedThe 4 platen.
a sem conductor wafer, generallyneans a silicon wafer

Ienthhi dhulel evigiidegl frepel @anthpen o6x i deoiagie coaypsg ruction can
stacked. No specific limtation is inposed .
b@ﬁ’eﬁﬁﬂJr%Hhh@}ﬁréEiH@é1V6f1a§e§§rﬁr@orﬂﬂﬁ?%&%c&?bwe phrovided
Fehi Ii oh . .
PR BPRRIE 45060, 1 U A AL R Wb,

W bR @veR fapiFikdo Pl AFeMn2i S upRar t | Pgefelliyshesg Pad £film
(a polishing layer) 1, a polishing head 5 holding a
asenl eahdticdte s waferseparatbackEnguntiiemiateons necessary

applying a uni formpressure against the wafer. and . a
aﬁ?ﬁﬁl@%%ﬁ@ﬁi%?@bﬁ@%?ﬁ@hi aGenpositigpet an adhesive

pol i shing _pad IS ' I Shi 2
555y PG the BRbLs THE b arBRtte ok b BTk Lo pased
a3heed vhape. okBRp1 2Pi & POR2R4ERABE: 1POAL SACAGL Nt-a i

and the polishing head 5 are disposed so that the
apibkisiengepadsé afidiédhe cEmeamiduciner inatentd4nt to which
supported or held by them oppositely face each other
condiprsatded wht®.VeRspective rotary shafts 6 and 7. A
[%%g%?ure mechani sm f or

A semiconductor device is fabricated after operation in
a step of polishing a surface of a semiconductor wafer with a
polishingpad. Theterm, asemiconductorwafer, generallymeans
a silicon wafer on which a wiring metal and an oxide layer are
atacked. Nospecificlimitationisimposedona polishingmethod
of a semiconductor wafer or a polishing apparatus, and polishing
is performed with a polishing apparatus equipped, as shown in
Fig., 1, with a polishing platen 2 supporting a polishing pad
(a polishing layer) 1, apolishing head 5 holding a semiconductor
wafer 4, a backing material 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 2
by adhering the pad to the platen with a double sided tape. The
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"5 pressing the semi conductor wafer 4 to the polishing

pad 1 is installed on the polishing head 5 side.

During polishing, the sem conductor wafer 4_i p
pol i shed by being pressed agai nst the poligh?ﬁéz%é$F$SG)
whil e the polishing platen 2 and the polishing head 5
are rotated and a slurry is fed. No specific

limtation 10 is placed on a flow rate of the slurry,
a.pol ishi I \ Y e] I r-9tagi 9N SR8t hat
pgﬁgsgl%fpg%tregl?%ﬂn?nuﬁéa .oélrl:sﬂgagiﬁa‘%f;?g pr opgek?kfy 2
tﬁ@lrﬁyéifﬁm{&%@] 1 Rt EHEI 9081 svhduie csuwh e Obubberted or
senm conductor wafer 4 15 are thereby renoved and
heoti bhethéhabpyos Mrehedfdmr cagh osheconddcPbPvHRRA ¢elth
i's produced therefromthrough dicigg, bondid]@%g1 .
rpaBRAGILNG BPEACTH &R Lorfdictlor AeRTeETye g smy for
arithmetjic processor, Ly gt 1 3
ST Y G o B RS ER L e PR SR
20 €he i 1 & e niAMENtdioR .i SD@Pind poilieding, the
lﬁ%&%%?%??%% iﬁl$ﬂ% efgﬁgles. [0078] 25 [&Lgsurengnt
samdcbrahobbi erm vkt had poltakadenebeiol Nuedsad Agedage the

Mol ecul ar Wei ght) A nunber - average nol ecul a ight, .,
owas shibng rast 1b‘yh'?d:@t(h§ pebl s PERGERETER éﬁ‘lﬁirﬁ\to%gﬁg%%h%mg

-S04 8078 FER RPN RN of S EY it ececior

1%835%%8%%(%%@@3@% RHRPenak-von wepelashiny | wed, a

GPC apparatus was an appar at us
peanhaal us et dy rShiamadaunurtiogp andie twe od elo t Mg Aber nafber,
LC-10A. Columms that were used in measurenent were
whneb amanpfepeokerdpFRdner Laboratories Co., in
whi three colums 5 were in connection including
[PRY Eel, 5 mand 500 A), (PL gel,

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
[0077]

Deacription will be given of the invention with examples,
whilethe inventionisnot limitedtodescriptioninthe examples.
[0078]

[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 welght,

and the apparatus and conditions in operation were as follows:
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"5 pin and 100 A) and (PL gel, 5 pmand 50 A). A flow

rate was 1.0 mM/mn. A concentration was 1.0 g/l. An

injection quantity was 40 |.. 10 A col um t
was 40C. An eluent was tetrahydrofuran. 05}5@%%%?%

(Measurenment of specific gravity) Determ ned accordi ng
to JI'S Z8807-1976. A manufactured 15 pol yurethane
foamcut out in the formof a strip of 4 cnx8.5 cm

(thi cﬁ@@sgé}pg{&\gg ) aes,dsed AS nﬁegekﬁgé@fbby Shimadzu

nmeasur emnen Speci fl C gravity an ours

ddball WY M@H%nﬂuﬁﬁeraofem-ﬂ@{ ure of 232C and a
hum dlty of 50%% Measurenment was conducted by using

a specloﬂumngr akat ywhyeroned ern 2@ Javeneadt wesd bpes
Sartori us Lt d) 0080] ( Mpasur enent of ha}é essl
Wﬁ%ﬁ@ RsP %Y\‘Pa%‘{: éaoséE%?a?%SDtolﬂ ¥gpEhraggelumns

manuf act ured pol than foa 0 i 28,0
Wfr&&@%cm it PadhEGLIS N 98T hctha sBgPaD: Srber,
f SYLEMeRt, élhag Sshand lagft for 16
h a%dn?grqngzv?rgnn?nent(go a S'[ehrﬁperature of 232C and

a hurmdtfﬂ_yowof:aﬁéwﬁ%lﬁm nhénin.re of measurenent,
sanpl es were stuck on one another to a thickness of 6
nm or AnpaCenAr ik ameeds nbt@rd/{lAacker D hardness neter,

manuf act yr ed 30 Kobunshi Kel Ltd.) was used
to rre§§uﬂ83ﬁﬁ%ﬂ%s§uan*217t¥”ﬁb‘?7 41*%() 'SG [ 0081]

(Meas 0 r kidvg ext ensi on and
tenei Fe ot {rHé“nl ltE ‘;"58 %‘g?%u"ﬁ%to JI's K7312-1996, a

pr epaAﬁdemeuethabemtrmdroﬁm&m was punched into a
shape of dunmbbell No. 3 to obtain a sanple. 5 The
[9&MHle was aged for 24 hours under condition of 22C

(m%surement of specific gravity)

Determined according to JIS Z8807-1976. A manufactured
polyurethane foam cut out in the form of a strip of 4 cmx8.5
cm (thickness: arblitrary) was used as a sample for measurement
of specific gravity and left for 16 hours in an environment of
a temperature of 2312°C and a humidity of 50%15%. Measurement
was conducted by using a specific gravity hydrometer
(manufactured by Sartorius Co.,Ltd) .

[0080]
(Measurement of hardness)

Measurement is conducted according to JIS K6253-18%7. 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 leff for 16 hours in an environment of a temperature
of 234+2°C and a humidity of 50%%5%. At the time of measurement,
gamples were stuck on one another to a thickneas of 6 mm or more,
A hardness metexr (Asker D hardness meter, manufactured by

Kobunshi Keiki Co., Ltd.) was used to measure hardness.

27



10

15

20

25

30

66 % RH and, thereafter, a tensile test was per f or med.

A tensile breaking extension and a tensile strength
were measured. As a tensile tester, Instrop_phyyeipRlse)
Testing Machi ne (Mbdel 4300, manufactured by Instron)
was used and, as a software, a video 10 extension

nmeter controlled by series | X was used. [0082:]
(Measurement of Dressing Speed) A surface of a
[6nglactured pol i shing pad was uniformy dressed with

a di anond dresser (manufactured by Asahi Di anond 15

(88 sWk-bRe At bR s1aEm: afa Minbype GG H and benshbpet oéngth)
circle with a diameter of 20 cm while being rotated.

A dr eBseord aglto i St X 2199 bnakb seRa £ er RGDY g ekengresin
| i shi | at tati to. 30

FhmB PR G SR Par s CoBpoeoL s prhid g £ Phmbre.

TR SRR Ll R At 2k O0E D, i e S RACEoNE and

6BAIRAS ndTEAMY £0F el 04 € caRd 1aftieast Wiepsirigrmp@08H tensile
(Eval uation of polishing characteristics)

begkgSPRSOaSs { omrurfhct Geadiby Skuenyoh Nerlf meapysed. As

Wrks, 25 Ltd.) as a polishing deyice, the prepared
g PetF w5 ¢ E0R DAY BHSR 07 St4 RgHfd LhirgiodsT 4300,
characteristic 0 r oal = axi ' ;
ngBRGart e hrn theli hp bR LB A S0 RG Ty pideo

c2PaHE 1 On SmBYEt hobher ol dd i G drads amd whlse upebi shi ng
rate was cal culated fromthe tinme of this polishing.

[0be230 polishing rates on the 10th, 50th, 100th, 300th
and 500th wafers 28 F-P07294TR(SG are shown in
(Mgpparemerheof NPERHEERY 0IP&EH)oxi de” fil m was neasur ed

D e L EEASE S A DAL B0 e i 98 68 cormay
dQ%lsis%gi PPeh S ki GRoBHWIFYs o d S nEastagkuned AnahGaboaond
was added at a flowrate of 150 5 m/mn. Polishing
choadiipy avasrafED nghendf MHeyprftid0 oh the shape of a circle
with a diameter of 20 cm) while being rétated. A dresger load
at this time was set to 450 g/cm’, a polishing platen rotation
number was set to 30 rpm, a dresser rotation number was set To
15 rpm and a dressing time was set to 100 min, A dressing speed
was calculated from thickness values of the polishing pad as
measured before and after dressing.
[0083]
(Evaluation of polishing characteristics)

Using SPP600S (manufacturedby OkamotoMachine Tool Works,
Ltd.) as a polishing device, the prepared polishing pad was
evaluated for its polishing characteristics. An about 1 pm
ﬁhermal—oxide film deposited on an 8—incﬁ silicone wafer was
polishedbyabout0.5umwiththepolishingpad,andthepolishing
rate was caleculated from the time of this polishing. The

polishing rates on the 10%, 50%*, 100%™, 300™ and 500" wafers
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"revol utions of the polishing platen was 35 rpm and

the nunber of revolutions of the wafer was 30 rpm

[0084] The centér stow was eval uated by nea%u@0ﬁ994TR(SG)
uniformty. 10 An about 1 pmthernmal-oxide fil

deposited on an B-inch silicone wafer was pollshed

for 2 mnutes under the polishing conditions

descri bedabove, andas shown in Fig. 2, the

%ﬁﬂ'$§FQQB%£§HE%§”U Vi 48 & P8RRI Nty (18 Beasured

m val'ue were determned by neasuring film

Hf%ﬁKﬂ%@%fékeﬁ@@@ﬂmﬂﬁhéﬁkﬂuéﬂﬁm@@ﬁrnﬁ;ﬂbelmaMEmufﬁctured
bef ore and after polishing, and fromthese val ues,

bt oulnd EYecasn bas Gol alléd . acBerihpol bSbhed f 5EL bGP FGUrTY

uation. The uniformty on the ot.", . 50t 100t.h
@U{%n@ﬁafsgwﬁewér%a%g B #hof e o0 U of 150

n forn1 nlf
RRTIRE R %“{a%%be e ALy of
f’@%}ﬂl’ﬂ%’l‘oﬁ@ He rhd9bil$BhAdgrHt £ erMvRisnBENALA, uahd the nunber
(polishing rate maxi num value + polishing rate
g nemwbudouns) ptl €De[ 988617 wExahplerm. 25 350 parts .by
wei ght of pol ytetranethylene glycol (PTMcG wth a
r-average nol ecul ar wei ght of 650, manufactured

ey oy S8 Tl RSB B ALy et
@Agéggt gplaséﬂL g@%gﬁgﬁi& sﬂf&&oh&hf@dyﬁgﬂsuﬂh@one

a separa fated under stirring
wHer wa e disddd hedessn Reniout &5 n@des th@poﬁls’bmwm(ds@)wns
By i ntroducing nitrogen into the sggara e flask

daamsifiestaboteheried AS RRSWPRAR Bied? by NRAPP aaeﬁnggﬁ&ewmum
ht. .of , tol
SRS arlo SR L s By BhLTAE AT ubBe Mgt ol vy
rﬁ%re ng@P%ﬂLﬁQhﬁbkM%%%%h:E@%@Qﬁlgheﬂiﬁ@bﬁtlbﬂ@(ﬂlthewafer
|

before and after polishing, and from these values, uniformity

was calculated according to the following equation. The

uniformity on the 10%, 50%", 100", 300%™ and 500" wafers are
shown in Table 2. Lower uniformity is indicative of higher
uniformity of wafer surface,
Uniformity(%)=={(polishinqratenmximumvalue-polishingrate
minimum value)/ (polishing rate maximum value + polishing rate
minimum value) }x100
[0085]
Example 1

350 parts by weight of polytetramethylene glycol {PTMG
with a number-average molecular weight of 650, manufactured by
Mitsubishi Chemical Corporation) and 57 parts by weight of
diethylené glycol (DEG, manufactured by Mitsubishi Chemical
Corporation) were introduced into a gseparable flask, and

dehydrated under stirring under reduced pressure for 2 hours.
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referred to as TDI -80) and 114 parts by wei ght of
4, 4" -di cycl ohexyl nethane diisocyanate (hereinafter
abbreviated as HVDI) were added thereto. WiglgyidwiTr (SG)
tenperature of the reaction systemwvas kept at about
70C, the reactionm xture 10 was stirred until the
reaction was finished. The reaction was regarded to
be fini shed when NCO»% becane al nost constant (NCO% =
B%%g@%od&@%ﬁ%%ﬁE?Bgehq%ﬂﬁ%ﬁgb@ﬁa§§$yéEQES%@%H@ﬁKﬁﬁﬁyhere
nder reduced préssure for two hours to give an
thEASHRNALL rieglEicadt BY n P eppdymemd A00 pErfe0BE|wekIht of
parts by wei ght of polytetranethylene glycol (PTMG
tod tdna divrdyeryensdicade maReévgPaPtwei ght of 1000,
manuf actured by M t subi shi em,cal Corporati nd
2 G5 L AR R oG LS UERG bRy Ear 15 i S0/ 20
mmf'é@tﬁ%fgc?qaebéﬁil\élsﬁﬁul?"a%@tlaq}ggiﬁ@!algo £06 POrdd OMafter
vwere introduced into a separable flask, ‘and
régbygs@ates dmndeyT-si)r khag1uadeart edugedepgiessaf e for 2
hours. By introducing nitrogen into the separable
41 B asdd cydieoatayds pleghenet Heispayaast e ephareinditer

[ , d 362 i gh f _TDl - d 137
B S AP MO FERDRCRER G PR 1 by B L T b
t .at f th ' . at s
o} BB PO A ST R PSSV e ET e S R e

whSaatiirgraagt { i Hinghedact The weactihosheas regardedtion was
be finished when NCO% becane al nost constant (NCO% =

r&g@yded ier bafftior shedewheadtdWnbeshue i pmagds conet aaked 0%
under reduced pressure for two hours,to iv% %n 30
zg; .:LOI'I s e

=ildod)anateeter i ¢t &8epF 2Bt IAR SO oaféd under

F-PO7294TR 0087} ' i
T e G A
p)f\@ﬂ)&igg}mé’f tzhe, i socyanate-termi nated prepolyner (B),

and parts (3.74 wt % in pol yurethane resin) by weight

" [0086] a silicon-based surfactant L5340 (manufactured by

Ni ppon_ Uni car
PP 650 parts by weight of polytetramethylene glycol (PTMG

with a number—average molecular weight of 1000, manufactured
by Mitsubishi Chemical Corporation) and 69 parts by weight of
diethylene glycol (DEG, manufactured by Mitsubishi Chemical
Corporation) were introduced into a separable flask, and

dehydrated under stirring under reduced pressure for 2 hours.
Byintroducingnitrogenintotheseparableflask,theatmosphere
therein wag replaced by nitrogen, and 362 parts by weight of
TDI-80 and 137 parts by weight of HMDI were added thereto. While
the temperature of the reaction system was kept at about 70°C,
thereactionmixturewasstirréduntilthereactionwasfinished.
The reaction was regarded to be finished when NCO% became almost
constant (NCO% = 8.9). Thereafter, the reaction solution was
defoamed under reduced pressure for two hours to give an

isocyanate-terminated prepolymer (B).
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" Co, Lt d".) were introduced into a container, and

regul ated at 60C. 28.7 parts by wei ght of

4, 4" - et hyl ene- bi s(o-chl oroaniline) (abbrevqa@@ng4TR(Sg)
hereinafter as MOCA) previously nelted at 120C were
added to the m xture 10 under vigorous stirring to

i ncor porate bubbles into the reaction system The

m xture was stirred for about 1 mnute, and the m xed

ion was introduced into a pan-type open nold and

ost-cured for 16 hours in an oven at 100C, to produce

a polsyyw=atdanevé Dgint bE etk 1 FEVERY/PTHMBI006 tvd 9 r8fbdEner
wei ght 15 ratio). [0088] A foam sheet was cut off

Prlond @ magtpdby iedghtued toamspryeratpytargingeed gRgrolymer

h ded wi,th hef f
@rcrBa Y ataphrer 1S Lo RLYFES ARG e A pary iyt of
aDQ?%y\@gn %ﬁ&gﬁffgc@?é agb gt ('n%%%f%%tﬁ%%@rb%ﬁNﬁbﬁ@n Unicar

a cushion materi a cushi on ayer conprising a

RNRE g, fl waenviexendiabal tntd pregratedry dd regulated at
polyurethane [0089) Exanple 2 25 1113 parts by

MECgth&)ﬂ peE nttsetyametitgitkené gl ycol (PTMG with a
urb I I uf
o m?@%ié% e@a"‘éIS%I i %v'off;:trae&m(ag%%v%%? oy Agyeifdreer
t thy d I
%ﬁu#§§? a@%? X%%Xé?u %nfz Cy% r§555 nand#gg%hpé ture

M If%@&m sEhem I:oCi@m@p@h:m@)bmmdﬂotpamscmon
by wei ght of dlethylene gl ycol (DEG manufactured 31

FFeRRTRI4TRG ST xtume Matss @mlgnfedcﬁem ghpucol poirattisgnpnd the
were introduced into a rabl e fl ask, and

TR e L GREAS S L FF oﬂe‘It‘? églef’éH'tYFreeggl?PemPéfi and

HQ%£ﬂ?urFﬁe¥85n% ﬁgﬁ%Q?hQL%ro s reqﬁgggdsggaﬁégégbe &

;I&Ilty&%%an@n@ogﬁobﬁocﬂar t %TME@‘%I/QII!MG@DOO' DlrafBCBfﬂﬁ% Y@dight
parts by weight of HVD were

ratio).
[0088]

A foam sheet was cut of f from this polyurethane foamblock
byaslicerandthenprovidedwithgroovesinthe formofconcentric
circles to prepare a polishing layer, and a polishing pad was
prepared by laminating its reverse side with a cushion material
(cushion layer) comprising a commevrcial nonwoven fabric
impregnated with polyurethane.

[0089]
Example 2

| 1113 parts by weight of polytetramethylene glycol (PING
with a number-average molecular weight of 1000, manufactured
by Mitsubishi Chemical Corporation), 196 parts by weight of
polytetramethyleneglycol(PTMGwitharumber~averagemolecular
weight of 650, manufactured by Mitsubishi Chemical Corporation)

and 150 parts by weight of diethylene glycol (DEG, manufactured
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" added thereto. Wile the tenperature of the reaction

system was kept at about 70C, the reaction m xture

was stirred until the reaction was finisheg_pgheosTr(sG)
reaction was regarded to be finished when NCO% becane

al nost constant (NCO% = 9.1). 10 Thereafter, the
reacti on sol ution was def oaned under reduced pressure
for two hours to give an isocyanate-termnm nated

r MG e Wesel3h82oluBEghint
b&a??g%MBF%%%g%h?%ggpartsI%; me?gﬁt ofethe ° e s

sepaeuphat 1€k Marat edhiGrptegolyder {iG)ramy Bngart geduced
(3.74 wts in polyurethane resin) by weight of a
peEBusR-foaseto Bl § adiyaitt 10SBWE NOFEMACHSHLYEP By separable

Ni ppon_Uni car . d. ), were intr A

6 lal W 2CARBONE b5 U REE Ao GOCD 251 pgy PESgEh, and 900
p\é(ﬁltghf)léqjei Eeyh PUSH i E€ha Als E20Geghe AdUsB It Pere
the mXxture under vigorous stirring t6 20 incorporate
abdbll eBelat®. t dineaghionesyst eourd hef rihet weachdsn system
stirred for about | mnute, and the m xed sol uti on was

wiast kepiticed abbnt 07 @f(habheype dpen mokguaadiposticredduntil
for 16 hours in an pven roduce

100C
tB@I%SPSFE@ReW?%aﬂ+?ﬁ%Q%Q'?hQFeﬁF?E%?O aW%%I?%ﬁﬁﬁ%f%xﬁf be
: ' [ =2
RS RpEPRRER NGk o SATP TR A AN i o Hhe

ThFRHROBE! ashé NIl sblextent widate Rmriddantierbyeduced

wei ght of ETACURE 300 (a mixture 30 of ,
pRe5sebirs( et hiyve hhoyx 2, 6 teivema disgrvasaiadtegyminated

F- P0O7294TR(SG 3. 5-hi thyl.thio)--2,4:to0l : -

PARRRILHBRT X g&mg%@%&ﬁeﬂ?ﬁgbngg elgﬁ%of%%]f‘@ﬁ% e -
%gg in place of 28.7 parts by weight of MOCA. [0092]

@ %maﬂveammﬂel

100 parts by weight of the isocyanate-terminated
prepolymer (C) and 5 parts (3.74 wt% in polyurethane resin) by
weight of a silicon-based surfactant L5340 (manufactured by
Nippon Unicar Co., Ltd.) were introduced into a container, and
regulatedat 60°C. 28.7partsbyweight of MOCApreviouslymelted
at 120°C were added to the mixture under vigorous stirring to
incorporate bubbles into the reaction system. The mixture was
stirred for about 1 minute, and themixed solution was introduced
into a pan-type open mold and post-cured for 16 houxs in an oven
at 100°C, to produce a polyurethane foam block. Thereafter,
a polishing pad was prepared in the same manner as in Example
1.

[0091]
Example 3

Apolishingpadwaspreparedinthe samemanneras inExample

1 except that 25.2 parts by weight of ETACURE 300 (a mixture

of 3,5-bis{methylthio)-2,6~-toluene diamine and
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1415 'pa"rts by wei ght of polytetranethyl ene gl ycol

(PTMG with a nunber-average nol ecul ar wei ght of 1000,
manuf actured by M tsubishi Chemni cal Cor por atipgnpoand (sG)
150 parts by weight of diethylene glycol (DEG
manuf act ured by M tsubishi Chem cal 10 Corporation)

were introduced into a separable flask, and

dehydrat ed under stirring under reduced pressure for 2

NOYNS s (rB¥ hiyNEROEUCD NI-PbT OGN i diimd)he reendaakbeed by
flask, the atnosphere therein was replaced by
nmidenegdr, Cansb B84 parivs:dysediignlafe ofPB- §Paand Mpgeight
parts by weight of HVDI were added thereto. Wile 15
athéQC@yperature of the reacti on system was kept at
¢§§§t1'7oc, the reactionm xture was stirreduntil the

ion was finished. The reaction was regarded to

dgﬁg& Lghedpuhs lg(?»bbecang al most  constant (NCO%6 =
9. F%Therea??ep, the reaction solution was defoaned
under 1neduseet prgsselght osf wd vitetrsmebhyleme ayl Z®1 (PTMG

I socyanate-term nated prepolynmer (D). _[0093] 100
widiit @ bymaer ghvepige moliedyaniesoherof @y manufactured

prepol r. (D) and arts (2,32 W% | Lyur
BebRbptByon ool SOLPPrisie Daded L8 RESHESY vy of

A0 | nbRG2 LS by tise®ilsat edhahical
i N L g Lo A s i
@rpkdQEivan ewvagdednt eotihead Xt e weperabliegdilesk, and
stirring to incorporatebubbl esintothe reacti on_system
dithy chiatiedr endes sitlinriay pofeabtrAnehiPREEENT ankPE Hehours.
m xe

S St SR PRI B e

..t .
Wbl sesapal s o by 17 o of
THTERAY £64 15O the t3are weRghelo fasMDI weEx amjolee thefd3304) While

Conparative Exanple 2 5 308 parts by wei ght of
tped yeepeasethylehéhgl yeatt (RTMBstem was kept at about 70°C,

the reactionmixture was stirreduntil the reactionwas finished,
The reaction was regarded to be finighed when NCO% becane almost
conatant (NCO% = 9,2). Thereafter, the reaction solution was
defoamed under reduced pressure for two hours to give an
isocyanate-terminated prepolymer (D).

[0093]

100 parts by weight of the isocyanate-terminated
prepolymer (D) and 3 parts (2.32 wt% in polyurethane resin) by
welght of a silicon~based surfactant L5340 were introduced into
a container, and regulated at 60°C. 26.2 parts by weight of
MOCA previously melted at 120°C were added to the mixture under
vigorous stirringto inéorporate bubblesintothe reactionsysten.
The mixture was stirred for about 1 minute, and the mixed solution
was introduced into a pan-type open mold and post-cured for 16

hours in an oven at 100°C, to produce a polyurethane foam block.
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"W th a nunber-average nol ecul ar wei ght of 1000,

manuf actured by M tsubishi Chem cal Corporation), 719

parts by weight of polytetranethyl ene glycelp(PIMEIR (SG)
wi th a nunber-average nol ecul ar wei ght of 650,

manuf actured by M tsubi shi Chem cal Corporation) 10

and 150 parts by wei ght of diethylene glycol (DEG

manuf actured by M tsubishi Chem cal corporation) were

Al RR¢eeed. 5 IALQ sBingePpat Aleplbpaked andtiehyshia@sner as

under stlrrlng under “reduced pressure for 2 hours. By
innExeaptieng.nitrogen into the separable flask, the
at nosphere therein was replaced by nitrogen, and 840
[099%drts by weight of TDT-80 and 141 parts by wei ght

of HNDS.merﬁ a fed thereto. Wiile the tenperature of
CoMparaiivEohi*aRI®nT was kept at about 70C, the

react E@g H&rﬁﬁé” , YRS o | pEedo tptet raddiaryieae! hQRcwas (PTMG

finishe was Tegarded to be finished

wA@N akm@@meajmmemmatawel@m 40001) magQfactured
Thereafter, the reaction solutlon was def oaned under
hyedluctédblphes@mﬁew@l toRpHAlrioo dildePaats by welght of

BRI S T Elorsy el

e B e P e Pl hanes

a&u@swo p@ttsvw ghtight ¢f ait bthphebasAg colr (REG antn§840ured

were introduced into a container, and regul ated at

bRO@LLBELE shar Ehemycaki wp@:awmwmr@v |1@%§P9Mf5@f1t eqto a
20C were added, to the m xtur

Srrreens £ b Reoipo vy Fapres it e HAREE reauced

Pd %E%%ne %Qfx% S‘u ut| gel ﬂl%%clﬁ—}dﬁoggrglﬁg(g&%)ﬂ% \A%iéhé‘héidh@able

ﬂl%%mpdﬂﬁﬁﬁtmﬁbﬁhérﬁaﬂmhxﬁﬁl@@@ﬁe@ﬂbdedﬁ@rpmstoganeduui840
for 16 hours 1n an oven at 100C, to produce a

peattpubgtieightf odnT B o3k . andThéLend ¥y Pyawpapht mﬁw@M@édwere

was prepared in.the s manner . as le, 1.
threto While t%e temperature of‘é%( actlon system

was kept at about 70°C, the reaction mixture was stirred until
the reaction was finished. The reaction was regarded to be
finished when NCO% became almost constant (NCO% = 9.1).
Thereafter, the reaction solution was defoamed under reduced
pressure for two hours to give an isocyanate-terminated
prepolymer (E). PTMG650/PTMG1000 was 70/30 (weight ratio).
[0095]

100 parts by weight of the isocyanate-terminated
prepolymer (E) and 10 parts (7.4 wt% in polyurethane resin) by
weightofeasilicon—basedsurfactantL5340wereintroducedinto
a container, and regulated at 60°C., 25.8 parts by weight of
MOCA previously melted at 120°C were added to the mixture under
vigorous stirringtoincorporatebubblesintothereactionsystem.

Themixture was stirred for about 1 minute, and the mixed solution
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" Conparative Exanple 3 1309 parts by wei ght of

pol ytetranet hyl ene glycol (PTMG wth a nunber-average
mol ecul ar wei ght of 1000, manufactured by M. bgybbshk (5G)
Chem cal Corporation), 70 parts by weight of 10

pol yt et ranet hyl ene gl ycol (PTMG with a nunber-average
nmol ecul ar wei ght of 650, manufactured by M tsubish

- Cheni cal Corporation) and 150 parts by wei ght of

w%iﬁeﬂﬁlf e 4oeb é%qwe Sh%& aby Mésubisdd for 16

em ca rporatlo re in roduced into a

noeRar ablae dvaskc W(ﬂebd@’r@ﬁ@&etm@b@ﬂym:ethang ficregteb lock .
reduced 15 pressure for hours By introducing

Thietreadéari (}S)Otlhéhgégap@\%l“@s PraprredHd tRosPiR@nner as
therein_was replaced by nitrogen, and 880 parts by
e PFRIPSE FDI - 80 and 148 parts by wei ght of HVD were
[§§§%§ thereto. While the tenperature of the reaction

m was kept at about 70C, the reaction mxture
oMapathtik8dEMAkple 29 the reaction was finished. The
reacti on was regarded to be finished when NCO% becane
al nosi 366 s =i b@l\l@@w&t 9:>fzpolytﬁ@rfé@wéyle%éilycol (PTMG

t | ut d d
SR EUBIHORT VG A% S LGB, HHATEE 18 miivelanat st rea

SRS P LS e ) St o

ﬁoﬁ?@%@@@h@th?i8h@@ﬂ9@olﬂmﬂmﬂhyﬂﬁ{aﬁEMbaﬂdadepagéswaécmlar
wt % i n pol yurethane resin) by weight of a

w&ubhmonfBaéedMQMEHaauanﬂkhﬁﬁmtﬂwhﬂﬁhxﬁh?@é@@b§0¢ﬁ9§ata0n)
contai ner, and regul at 6
asgl B0 mepméwaaQW%gP Hyg?n& Bi%fdﬁ‘&n%%g f’a““d
r 0 [
btyoﬁ‘ SeOPEara S BTAE by A T Ve o%’l“%y?@g%ﬁ e °
L8 WaSa sk rdd Jdfyaheld Infkpudelraty theler xeduced
'utiron was Introduced into a pan-type open nold and

pﬁ@&bu@&ﬁﬂﬂrihouﬂﬁ hnwwmmnqdunlHgnﬂﬁzﬂgﬁnmmtotbeSepafable

roduce a pol yurethane foam bl ock. 5 Thereafter,
Pkl g 35A0 SPRETPr GG VRS 648 M AGGEogEn; and 880

parts by weight of TDI-80 and 148 parts by weight of HMDI were
added thereto. While the temperature of the reaction system
was kept at about 70°C, the reaction mixture was gtirred until
the reaction was finished. The reaction was regarded to be
finished when NCO% became almost constant (NCO% = 9.2).
Thereafter, the reaction solution was defoamed under reduced
pressure for two hours to give an isocyanate-terminated
prepolymer (F). PTMG650/PTMG1000 was 5/95 (weight ratio).
[0097]

100 parts by weight of the isocyanate-terminated
prepolymer (F) and 4 parts (3.1 wt% in polyurethane resin) by
weightofzasilicon—basedsurfactantL5340wereintroducedinto
a container, and regulated at 60°C. 26.2 parts by welght of

MOCA previously melted at 120°C were added to the mixture under
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"in Exanple 1. [0098] Conparative Exanple 4 1132 parts

by wei ght of polytetranethylene glycol (PTMG 10 with

a nunber - aver age nol ecul ar wei ght of 800, nqn@quQQQQ@Sg)
by M tsubishi Chem cal Corporation) and 150 parts b

wei ght of diethylene glycol (DEG manufactured by

M t subi shi Chem cal Corporation) were introduced into

a separable flask, and dehydrated under stirring

@? §HusedUGd RSB Srd Hate M 1% s 5t BYhé REROHUGH BYsten.

ni‘trogen 1 nto the sepaﬁgble flask, the atnosphere
Thlan Bt tumesas epk aeed foy abdurohetnuaad 820 lpami sedyolution
wei ght of TDI-80 and 138 parts by wei ght of HVDI were
waddeut roduetd Nl Bepanterneapeprdterd apd P%tr%%w dier 16

system was kept at about 70C . the r ct| Oi:turebl K.
hiE St B ARV i Eit] 1Q K r B OISR POILATIREH A8 TP LOC

qu%ar%tatf% vas geag f(\%‘gg}ga%% b?b?ﬁﬁgdv‘ﬁ?%h@%@%ﬁ%r as

ereafter, the
ine@ckin@nesel uti on was defoanmed under reduced pressure
for two hours to give an isocyanate-term nated
®0&8al yner (G . [0099] 25 100 parts by weight of the
i socyanat e- tern1nated prepol yner (G and 6 parts (4.6
CROpArAtp YRy ke RaRe® resin) by weight of a

Sont oYE99E0 2 W BELEAL ST MBS PakBER PIURE LU (PTuC

contalner 25.5 Yy wei ght

wdfch é%b@z&e\ékf@lt&b)é m@ié@ﬁlaai w206 e Goadd"mhdﬁladthﬂ‘ed by
m xture under 30 vigorous stirring to incorporate

Mitsibe shit nChemhea t edetpera st lerand %OFmgngvs@yht of
o A S, SLLEE oG, St Soute ) IS U B omccat
AT EH ity RO e 06
dé@lgzlggagea_ PRdle Mas: 1R ARRY GHdER AdimicRBreBROEE BSr Shbars.
Bylntrodu01ngnltrogen1ntotheseparableflask the atmosphere
therein was replaced by nitrogen, and 820 parts by weight of
TDI-80 and 138 parts by weight of HMDI were added thereto, While
the temperature of the reaction system was kept at about 70°C,
the reactionmixture was stirreduntil the reactionwas finished.
ThereactionwasregardadtobeiﬁnishedﬁhenNCO%becamealmost
constant (NCO% = 9.1). Thereafter, the reaction solution was
defoamed under reduced pressure for two hours to give an
isocyanate-terminated prepolymer (G).
[0099]

100 parts by weight of the isocyanate-terminated
prepolymer (G) and 6 parts (4.6 wt% in polyurethane resin) by
weight of a silicon-based surfactant L5340 were introduced into
a container, and regulated at 60°C. 25.5 parts by weight of
MOCA previously melted at 120°C were added to the mixture under

vigorous stirringtoincorporatebubblesintothe reactionsysten.
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[0100] Asker D Tensile Tensile Dressing Specific
hardness strength el ongation speed gravity at break
(degrees) (MPa) M (mmin) Exanple 1 0.73. 539@12§4@§(SG
9.3 Exanple 2 0.80 55 22.3 110 7.6 Exanple 3 0.81
19.0 123 8.2 Conparative 0.87 54 18.5 152 4.4
Exanple 1 Conparative 0.74 54 22.3 41 20.8 Exanple 2
Conparative 0.82 53 19.7 140 4.8 Exanple 3
Tﬁ@ ‘?ﬂi@z“t@trb\&\%sosgpr@:i 231 b t22nbnutxaaple e dikdd ¥o N on
61 6 NP HO1L W-- [ONOOTrI .i rI N cb
whl*s&rﬂ:ﬁlkiu\telxl Ao Nt palN-NypeHypdd Mol dNaNdNp s i+ cuped-for 16
6r fi ~/1 Nr I N Hw r ror rN .i '"i o 0 w o0o00a
hougsgn AnNMeMED INOCoxo produce a polyurethane foam block.

Thereafter, a polishing pad was prepared in the same manner as

in Example 1.

[0100]
g Fd Asker D | Tensile efgﬁ“?gf;n Dressing
pec%t}c hardness |strength at greak speed
gravity | (degrees) (MPa) (%) (um/min)
Example 1 0.73. 53 21.2 83 9.3
Example 2 0.80 55 22.3 110 7.6
Example 3 0.81 50 19,0 123 8.2
Comparative | , g, 54 18.5 152 4.4
Example 1
Comparative| , 4, 54 22.3 11 20.8
Example 2
Comparative | , g, 53 19.7 140 4.8
Example 3
Comparative| ., 4 55 | 23.8 45 22.5
Example 4
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rpi brggi b,y b--1b za" r~iwwwo Eorb UUU

U F-P07294TR(SG Fromthe results in Tabl e ;2potthed TR (5G)
polishing pad of the present invention can effectively
elimnate clogging by dressing and can thus prevent
generation of center flow Further, the abrasion wear

of the surface of the polishing layer is suitable, 5

and t bysy thie-dLngevid vawie t hehpelolgshngopad ¢ Stigopdesent
and the polishing rate is not decreased. The

ipelenghibngepade f fectGorgdar afliiménExanpl eyding by Kk egshag and
hand, is hardly dressed, so | oggi n annot _be
cEBMBPEECPYEPNH HRRSERC YRR £F CEITET ddaber FRBIFY s The
enerated, and .the [ shi b Lys :
B erdaodratnt s sBrTAS REHIEb AL T s pucte,
aad $hasthy dbR§EOry &NGheb iidR0dadnakegobd and the
pol i shed, the depth of the grooves is insufficient
piolishgegeratengs ceot edestensat. sfhai potaabing pad in

decreasing the polishing rate, The i shjn ad in
CoBWwpERAL VP amkthile @1 | %QFBW%I‘@@S&&, hégdﬁﬁr §FGSge =°

t be sufficiently .15 el ,
QR PIST s PEeFYe R L ThRBAER,  BtacfTe, genter
s%? 'Lﬁéﬂe%&a§§g £hERR 10@hi $8ina PBslgrAduLDIPaEatbysed.

anp

4 1s very easily dressed, and fhus when the
TReOLb1 Vel Big irmdpdhi Strepa ra hievel Epaimpdfe 2hes gragdvesdirsssed,

i nsufficient, nd thereafter, center slowis

a@gn@hapéﬂl%iw“? REER g'fSaE?falﬂcmedrz@hﬁoﬂ?Ei\%\i‘n@f tREedrgoves
e A
R ReL¥Y LSRR T QA RAVARW, T ITRR AlilshindieiR camparative
Example. 3 is hardly dressed, 50 clogging cannot be sufficiently
eliminated. As a_result, center slow 1s generated, and the
polishing rate is gradually decreased. The polishing pad in
Comparative Example 4 is very easily dressed, and thus when the
300" wafer is polished, the depth of the grooves is insufficient,
and thereafter, center slow is generated significantly and the

polishing rate is significantly reduced.
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"hithnﬁlecuIar-meight pol yol conponent that is a

starting 5 conponent of the pol yurethane foam contains

a hydrophobi ¢ hi gh- nol ecul ar - wei ght pol yol rFApbagbngrasaG)
nunber - average nol ecul ar wei ght of 550 to 800 and a

hydr ophobi ¢ hi gh- nol ecul ar - wei ght pol yol B having a
nunber - average nol ecul ar wei ght of 950 to 1300 in an
AlBratio of from10/90 10 to 50/50 by weight. 2. The
pol i shing pad accordi ng torgkEgsm 1, wherein the

pol yurethane foamis a cured product produced by

react lng,A wiolh shanghpd ¢ hextigiderpobihshing layer consisting

SRl BRI B MRt

4 g, ‘
Y SHEHGILGLECRONERY o RO 8808008 kPOt
cRi@dHEh t Ph P AUES TpHYy tieRGHA Y, fd&lnt Ron2@iaschahRdrophobic

extender, an isocyanate-term nated prepol ymer A
haghbaomenglahewgnnglpdlynﬁdAamavg@gyanap eoTpYALATS

and an isocyanate-term nated prep r cont ai ni ng
mopecBRY oVe BIRh T atr | st&%t@dcérrbgggﬁpﬁoﬁﬁ%% The

5L 0 SEAEEIAR I S BBk WOEGE: ooy,

mﬁ@b}z&h%fa@im eﬁesagby@@mcﬁo fEhenPR) B shd i RAD £rom 10/90
according to claim2, wherein the 30 chain extender

tbSSéﬁSﬁranWGngwtan1ne 40 F-P07294TR(SG - 6. The
pol i shing pad according to claim5, wherein the
aromatic diamne is a non-hal ogen aronmatic diamne. 5

7. The palis cordj .0 _clai e

pol yu étﬂJneQngﬁgg %ﬁ§<§SQ%ﬂ§%%ﬁ$&gﬁt%1 é%?htﬁgngganethe
pm%haelﬁ%alfoaawy@ &6 £83 Pirbidee s -Pasht PRy Midet ing, with
surfactant. 8. The polishing pad according to claim1,
awbhaénnekbenddd, sqreciddayagreae-thgrofinbbedppkygpeéyhane
foamis 0.7 to 0. 88. ,

containing a high-molecular-weight polyol component and an

isocyanate component,

3. The polishing pad according to claim 1, wherein the
polyurethane foam is a cured product produced by reacting, with
a chain extender, an isocyanate-terminated prepolymer A
containing the polyol A and an isocyanate component, and an
isocyanate-terminated prepolymer B containing the polyol B and

an isocyanate component.

4, The polishing pad according to c¢laim 1, wherein the
hydrophobic high-molecular-weight polyols A and B are

polytetramethylene glycol,

5. The polishing pad according to claim 2, wherein the

chain extender is an aromatic diamine.
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9. The polishing pad according to claim1, wherein the
Asker D hardness of the pol yurethane foamis 45 to 60.

15 10. The polishing pad according to clai mFEPOMISYERASG)
the tensile strength of the polyurethane foamis 15

MPa to 25 MPa. 11. The polishing pad according to
claiml1l, wherein the tensile elongation at break of

t he pol yurethane foamis 50%to 20 150% 12. The
pol i shing pad according to claim1, which has a

dressing speed of 6 mmn to 17 gmmn. 25 13. A .
Tet hot of THE RAIGITG ™9 Beh eeRREAE thooiaan Sihidiprein the
SR 18n3hEP1 81 2POLLSAL Do SHAA Alarfine,
sem conductor “wafef wth the” polishing pad according
toclaiml. 41

7. The polishing pad according to claim 1, wherein the
polyurethane foam contains 0,05 wt% to less than 5 wt¥ hydroxyl

group-free silicon-based nonionic surfactant.

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

specific gravity of the polyurethane foam is 0.7 to 0.88.

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

Asker D hardness of the polyurethane foam is 45° to 60°.

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

tensile strength of the polyurethane foam is 15 MPa to 25 MPa.

11. The polishing pad according to claim 1, wherein the
tensile elongation at break of the polyurethane foam ia 50% to

150%.

12. The polishing pad according to claim 1, which has

a dressing speed of 6 um/min to 17 pm/min.

13. A method of producing a semiconductor device, which
comprises a stép of polishing the surface of a semiconductor

wafer with the polishing pad according to claim 1.
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