SPECI FI CATI ON PCLI SHI NG PAD BACKGROUND OF THE | NVENTI ON FI ELD OF THE

| NVENTI ON [ 0001] The invention relates to a polishing pad capabl e of
perform ng planarization materials requiring a high surface planarity such
as optical materials including a lens and a reflective mrror, a silicon
wafer, a glass substrate or an alum num substrate for a hard disk and a
product of general netal polishing with stability and a high polishing

ef ficiency. A polishing pad of the invention is preferably enpl oyed,
especially, in a planarization SESIGFIGE@RTEION con wafer or a device on which
an oxide layer or a nmetal |ayer has been formed prior to further stacking
an oxide layer or a netal |ayer BOIErS#AMNG DESCRI PTI ON OF THE RELATED ART

[ 0002] Typical materials requiring surface flatness at high |evel

i nclude a single-crystal silicon disk called a silicon wafer for producing
sem conductor integrated circuits (IC, LSI) . The surface of the silicon
waf er shoul d be fl attenedauxgRounac o ati yiNvENrJoNcess of producing | C

LSl etc., in order to
FIELD OF THE INVENTION
[0001]

The invention relates to a polishing pad capable of
performing plaﬁarization materials requiring a high surface
planarity such as optical materials including a lens and a
reflective mirror, a silicon wafer, a glass substrate or an
aluminum substrate for a hard disk and a product of general rﬁe'tal
polishing with stability and a high leishing efficiency. A
polishing pad of the invention is preferably employed,
especially, in a planarization step of a silicon wafer or a
device on which an oxide layer or a metal layer has been formed

prior to further stacking an oxide layer or a metal layer

thereon.

DESCRIPTION OF THE RELATED ART
[0002]

Typical matefials requiring surface flatness at high
level include a single-crystal silicon disk called a silicon
waferforproducingsemiconductorintegratedcircuits(IC,LSI).
The surface of the silicon wafer should be flattened highly

accurately in a process of producing IC, LSI etc., in order to



provi de reliable sem conductor connections for various coatings used in
manuf acturing the circuits in each steps of stacking an oxide |ayer or
netal |ayer thereon. In the step of polishing finish, a polishing pad is
generally stuck on a rotatable supporting disk called a platen, while a
wor kpi ece such as a sem conductor wafer is stuck on a polishing head. By
novenment of the two, a relative speed is generated between the platen and

t he polishing head while polishing slurry having abrasive grains is

conti nuopsbyidapptitdblie bhmipohtsbtog padnetoiehkefbrpobiribusg processing.
[ 0003] As polishing characteristic of a polishing pad, it is

request edobbahga uBéerimlmbehfgepotisheathd ciexasldentn idadh arapist wfand
in-plane uniformty and a polishing rate is large. A planarity and in-plane

uni f or m ty¥aekifgNahesk ade DL P POt inghrach @@ iHaraed tre seResexpent with
a polishing layer higher in an elastic du On the other hand, a

pol i shi ngfrﬁéflé:@ﬁn(?efir’i@élﬁ)veéj L s gy dpam Q;%’Plfe%'a'l'l@;g SRUES ont Ber eby,
i ncreasing an anmount of slurry to be retained. [00 Consi dering the

devel OPTEGLBhoNEXEago0es A4 o eV oot Hhened eaee% amri%ng &e&ggageehardness

pol i shing pads capa I ncr easl planarity. I'n or

| ncrease BER Lt Yam DAL dﬁdﬁ@cb?ma{&xpi‘gs %kadrﬁgoﬁg i’s?'k?f’n %“Ch gard

pollshlng pa are use owever, a pro n1nay cur scratches
bol | shed o f5085F o4 %%'eytfa%g%t Beener it 55 &{61{{%@3%@; B Kirnase of
Foam sheBr=ERburat nave BpbhofiBa RS AT Ponea i rrena PACREanaSat Facti on of
the Sheetbr£81ve grains is continucusly supplied to the polishing pad,
to effect polishing processing.

[0003]

As polishing characteristic of a. polishing pad, it is
requested that a material being polished is excellent in
planarityandin—planeuniformityand&apolishingrateislarge.
Aplanarityandin—planeuniformityofeamaterialbeingpolished
can be improved to some extent with a polishing layer'higher
“in an elastic modulus. On the other hand, a polishing rate can
be improved by using é foam containing pores, thereby,
increasing an amount of slurry to be retained.

[0004]

Considering the development of next-generation devices,
there is a demand for high-hardness polishing pads capable of
further increasing planarity. In order to increase planarity,

hard polishing pads may also be used. If such hard polishing

pads are used, however, a problem may occur in which scratches



Pat ent Docunent 2 proposes that for the purpose of reducing variations in

t hi ckness and i ncreasing polishing perfornmance, a polishing pad shoul d

i nclude a foamed material and have a plurality of pores in the surface part
to be in contact with an object to be polished, wherein variations in

t hi ckness should be within 15 pin, the pores should be uniformy
distributed in the surface part, and the pores should have a ratio of the
maxi mrum di aneter to the mninmumdianeter of 1.0 to 1.2. [0007]

Pat ent DgsdgeBl Brdrepeseskehattd ecdureopuriposardfadenofease mpt@rdrdr i zat i on
property and in-plane uniformty, a polishing pad should include a

pol i shi ngel ayepohaxheg.cl osed cells, wherein the closed cells should

i nclude oval "cells, and in the cross-section of the polishing | ayer, the
oval cel lgogheul d have a ratio (L/S) of average long axis length L to
average short "axis length 5 of 1.1 to 5. [0008] Pat ent Docunent 4
di scl oses a | api d Lnel ydj b S t d lsyurgt hane f oam
| ayer, mhereing%ﬁghgoPéggg%ﬁgng ngﬁgfgie?ﬁﬁgsQ%%afﬁ%epﬁggggfhﬁﬁth a long
axis par gLk Lo bNe diLechhanial 14he bl cliashol Hhe Aokl hgne foam

| ayer, andn cross-section o he polyuret e"foam | ayer, the oval
cells have.a ratio (L/[S) of aver I i nqt verage short

axi s Ien8951§hépglpga9§£§.fP?maﬁgggéi%ggggég%gh%t%&%g'Fg%¥ﬁ§%ggg%heet is a
supporting.sheet, a_backing.sheet, or . a pre re-sensi.tive adhesive sheet.

[ 0009] aglgneéaﬁQnFRﬁoéﬁn§%Fn§ Sro555as ﬁ%f St SORE Bur pose of i ncr easi ng
pl anari zation property and in-plane uniformty and suppressing cloggi ng and
scratche§9096éolishing pad shoul d include a cl osed voi d-contai ni ng

pol yester, sheet containing polyester resin and i nconpatibl e thernoplastic
resin, wherei nPRR8NELEREVBRBEI 4 ﬁé@@oéeghBEStD%ﬁér%ﬁ@é?uﬁpo§@ 8&rnnre, a
conpressibility ratio of 1.3 to 5.5% and a caonpression recovery ratio of
50% or nBEEVUCARG VRE1erdSBs V8 §Liskosss Rave 1&FISRS IR WMistH e | ong
dianeter of 5 to 30 nm a short dianeter of 1 to 4 and a depth of 1 to
5 mm [ 00g@formancepsa riept i 9hbed ARk shordsiaetiAg %Wl%ﬁa%f

next - generati on devices, there is a demand for polishin%)pads capabl e of
further Bndrieast agplplembriy pfanremknig e supdssepart tobe in contact

with an object to be polished, whetein variations in thickness
should be within 15 um, the pores should be uniformly
distributed in the surface part, and the pores should have a
ratio of the.maximum diameter to the minimum diameter of 1.0
to 1.2.

[0007]

"Patent Document 3 proposes that for the purpose of
increasing planarization property and in-plane uniformity, a
polishing pad should include a polishing layer having closed
cells, wherein the closed cells should include oval cells, and
in the cross-section of the polishing layer, the oval cells
should have a ratio (I./S) of average long axis length L to average

short axis length S of 1.1 to 5.



to suppress scratches, but even using the above polishing pads, it has been
difficult to satisfy the required planarization property and the scratch
reduction at the same tine. PRI OR ART DOCUVENTS PATENT DOCUMENTS [ 0011]

Pat ent Docunment 1: JP-A-2003-209078 Patent Docunment 2:

[0008]

Patent Document 4 discloses a laminated sheet including
a base sheet and a polyurethane foam layer, wherein the
polyurethane foam layer has oval cells each with a long axis
parallel'ﬁo the direction of the thickness of the polyurethane
foam layer, and in the cross-section of the polyurethane foam
layer, the oval cells have a ratio (L/S) of average long axis
length L to average short axis length S of 1.5 to 3. It also
discloses that the laminated sheet is a supporting sheet, a
backing sheet, or a pressure—sensitive adhesive sheet.
[0009]

Patent Document 5~prbposes that for the purpose of
increasing planarization property and in-plane ﬁniformity and
suppressing clogging and scratches, a polishing pad should
include a closed void-containing polyester- sheet containing
polyester resin and incompatible thefmoplastic resin, wherein
the sheet should have a Shore D hardness of 50 or more, a
compressibility ratioof 1.3 to 5.5%, and a compression recovery
ratio of 50% or more, and the closed voids should have a flat
shape with a long diémeter of 5 to 30 pum, a short diameter of
1l to 4 ym, and a depth of 1 to 5 um.

[0010]

As mentioned above, considering-the development of

next-generation devices, there is a demand for polishing pads

capable of further increasing planarity and making it possible



JP- A- 2006- 142474 Pat ent Docunment 3: JP-A-2007-245298 Patent Docunent
JP- A- 2007- 245575 Patent Docunent 5: JP-A-2009-291942

to suppress scratches, but even using the above polishing pads,
it has been difficult to satisfy the required planarization

property and the scratch reduction at the same time.

PRIOR ART DOCUMENTS

PATENT_DOCUMENTS

[0011]
‘Patent Document 1: JP-A-2003-209078
Patént Document 2: JP—A—2006—1424740
Patent Document 3: JP-A-2007-245298
Patent Document 4: JP-A-2007-245575

Patent Document 5: JP-A~-2009-291942

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0012]

An object of the present invention is to provide a
polishing pad having high planarization property and capable
of making it possible to suppress the occurrence'of scratches.
Another object of the invention is to provide a semiconductor

device-manufacturing method using such a polishing pad.

MEANS FOR SOLVING THE PROBLEMS
[0013]

In order to solve the aforementioned problems, the

5



SUMMARY OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0012]

An object of the present invention is to provide a polishing pad having

hi gh pl anari zation property, and capable of naking it possible to suppress
the occurrence of scratches. Another object of the invention is to provide
a sem conduct or devi ce-manufacturing nmethod using such a polishing pad.
MEANS FOR SCOLVI NG THE PROBLEMS [0013] In order to solve the aforenentioned
probl enms, the present inventors intensively continued to study and, as a

result, fouRdneutl fatdihe iafrarenRationed tabiret £ %’Eu@?y ahiyai ped by the
foll ow ng polishing pad, which resulfed in conpletion of the invention.
result, found out that the aforementioned objects can be
attained by the following polishing pad, which resulted in
completion of the invention.
[0014]

Thus, the present invention is directed to a polishing
pad including a polishing layer having oval célls each with a
long axis incliﬁed by 5° to 45° with respect to the direction
of the thickness of the polishing layer.

[0015] |

When the cells'in a polishing layer include oval cells
(which are oval cells, but do not have to be perfectly
symmetrical ovals), the polisﬁing layer can have high elastic
modulus without being increased in specific gravity, as
compared with a conventional polishing layer having spherical
cells. This makes it possible to increase the planarization
property of the polishing pad. Unfortunately, it is difficult
to suppress the occurrence of scratches only by forming oval
cells in the polishing layer.

[0016]

The present inventors have found that when the axes of
oval cells in a polishing léyer are inclined by 5° to 45° with
respect to the direction of the thickness of the polishing layer,
the planarization property can be increased, and the occurrence

of scratches can be suppressed. Although the reason is not



[ 0014] Thus, the present invention is directed to a polishing pad

i ncluding a polishing | ayer having oval cells each wwth a | ong axis
inclined by 5 to 45 with respect to the direction of the thickness of the
polishing |layer. [0015] Wien the cells in a polishing |ayer include
oval cells (which are oval cells, but do not have to be perfectly
symmetrical ovals), the polishing |ayer can have high el astic nodul us

wi t hout being increased in specific gravity, as conpared with a

convent i @nahrpol i shi r@nlcayeahavingtsphenitted leeld axeshds owekeselfl spossi bl e
to increase the planarization property of the polishing pad. Unfortunately,
it is diffbcyhtlife8UPPRESSothee SSLHN I &ELa Of e L8 01 €hess-amlaudne )f @i ng
oval cells in the pofishing |'ayer. [0016] The present inventors have

found th Lhengxesyat eual neekl % i cddReldpiiiang y-aysr are inclined by
5 to 45 g#?nﬁggégecFato ?he direction of thg tﬁ?%kﬁésglof t he polishing

| ayer, tDsw%%g%&%%miﬂeggegﬁévc Be bRreneasade apddhe gesdirdence of
scratches can be suppressed. Although the reason is not «clear, it is

i vabl e that when the, | . ekl 3l
concel vapLesLial10en, L% Lang, X8 Ao VAL oRELLS cBLE i bACLLpEt, /i,

IcS curve) o ayer can have a
m croscopically-soft, | owdistorti i sQ .t t r of
scrat che a8585§8p%88&} s\é\ll-éLg,irl Sﬁéség%% gq%gfoq%g’v%Oar{?il}ag}h[bgiag}%?ritzra%%%?}egi on
wi th macr oscopi cal | Eigh el astic, nodul us so that planarization property
can be iHE?QEEEH.CFéO 9] increasethe oual cells preferably have a ratio
(L/'S) of average long axis length L to average short axis length S of 1.1
to 3. If[PP&E7]s 1ess than 1.1, it may be difficult to increase elastic

nodul us with no increase in specific gravity, which ke it difficult

to increase pl aRgre¥atieit bt db‘%erﬁey’?akégny %%V%tah@tﬁéing,ﬁy??%f?’iesra@& e than
3, cell pockets may be deep, so that a reduction in the ahility tq refresh
slurry mhgnecewistier@dude GooPVEKPAG PAPETARELE R b FgPhgt wt FP [%Ol i shing

abrasive grains or polishing dust may be nore l'ikely to occur, which nmay
tend to LAckERSe taesddvt lefcel bimastpat@hesignlt ke SBFELESBAIRFPA i shed.

modulus with no increase in specific gravity, which may make
it difficult to increase planarization property. On the other
hand, if L/S is more than 3, cell pockets may be deep, so that
a reduction in the ability to refresh slurry may occur to reduce
poiishingrateenmithatcloggingwithpolishingabrasivegrains
or polishing dust may be more likely to occur, which may tend
to increase the occurrence of scratches on the object being
polished.

[0018]

The cells in the polishing layer may also include any
other type of cells such as spherical cells or oval cells eachv
with a long axis parallel to the direction of the thickness of
the polishing layer. To fully achieve the desired effect, it

is preferred that the ratio of the number of the oval cells each



[0018] The cells in the polishing |ayer may al so i nclude any ot her
type of cells such as spherical cells or oval cells each with a long axis
parallel to the direction of the thickness of the polishing layer. To fully
achieve the desired effect, it is preferred that the ratio of the nunber of
the oval cells each with a long axis inclined by 5 to 45 with respect to
the direction of the thickness of the polishing |ayer to the nunber of al
cells should be 50% or nore. The cells in the polishing | ayer nay be cl osed

cells anghen apebngebkss £001%hed by 5°!#bthsr prieseHe dgu@ntdPrnd he
polishing |ayer preferably includes a pol yurethane resin foam [0020]

Al so, thaikB¥enbh¥ keleat @Sckeds et had JOT 1 SRy agidy P hsaeerduct or
device, conprising a step of polishing a surface of "a sem conduct or wafer

using thgra{pr RNl 9REH180bd HYsNgrRAGk e EFFEET cOF 1 THE, NENTh O¥nk 8821]

layer may be closed cells and/or open cells.
[0019]

In the present invention, the polishing layer preferably
includes a polyurethane resin foam.
[0020]

'Also,theinventionrelatestx>an@thodfornmnufacturing
a semiconductor device, comprising a step of polishing a surface
of a semiconductor wafer using the aforementioned polishing

pad.

EFFECT OF THE INVENTION
[0021]

The polishing pad of the present invention, which may
contain, in the polishing layer, a large number of oval cells
each with a long axis inclined by 5° to 45° with respect to the
direction of the thickness of the polishing layer, has high
planarization property and makes it possible to effectively

suppress the occurrence of scratches.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Fig. 1 is a schematic view showing an exemplary polishing



The polishing pad of the present invention, which may contain, in the
polishing layer, a large nunber of oval cells each with a long axis
inclined by 5 to 45 with respect to the direction of the thickness of the
polishing |layer, has high planarization property and nakes it possible to
effectively suppress the occurrence of scratches. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0022] Fig. 1 is a schematic view showi ng an exenplary polishing
apparatus used in chem cal nechani cal polishing (CWP). Fig. 2is a
schenat i apphewtaboussg thechenssadenecbandtad polljisheétrigan€MPesi n f oam

bl ock. Fig. 3 is a schematic view showing the cross-section of a
pol yur et hane resgn § oansskedknmabtiai nedwbyhowihy nghé herqd yseetimme T esin

f oam bl ock. MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0023]
‘ a polyurethane resin foam block.
Fig. 3 is a schematic view showing the cross-section of

a polyurethane resin foam sheet obtained by cutting the

polyurethane resin foam block.

MODE fOR CARRYING OUT THE INVENTION
[0023] |

The polishing pad of the invention may contain only the
polishing layer, or may be a laminate of a polishing layer and
otherlayer(e.g.cushionlayeretc.). The material for forming
the polishing layer is not particularly limited. For example,
the material may be one or ‘a mixture of two or more of
polyurethane resin, polyester resin, polyamide resin, acrylic
resin, polycarbonate résin, halogen-containing resin (e.g.,
polyvinyl chloride, polytetrafluorocethylene, or
Apolyvinylidene fluoride), polystyrene, olefin resin (e.g.,
polyethylene or polypropylene), epoxy resin, photosensitive
resin, and others. Polyurethane resin is a particularly
preferred material for forming the polishing layer because it
has high abrasion resistance and because urethane polymers with
‘the desired physical properties can be easily obtained by
varying the raw.material composition. Hereinafter, a

description is given on polyurethane resin as a typical material



The polishing pad of the invention may contain only the polishing | ayer, or
may be a |am nate of a polishing |ayer and other |ayer (e.g. cushion |ayer
etc . ) . The material for form ng the polishing layer is not particularly
limted. For exanple, the material nay be one or a m xture of two or nore
of pol yurethane resin, polyester resin, polyamde resin, acrylic resin,

pol ycarbonate resin, halogen-containing resin (e.g., polyvinyl chloride,
pol yt et raf | uor oet hyl ene, or pol yvinylidene fluoride), polystyrene, olefin
resin (efgr, rpemyayhyhengot spehypLap¥k-ene), epoxy resin, photosensitive
resin, and others. Polyurethane resin is a particularly preferred materi al
for formggoyhe polishing layer because it has high abrasion resistance and
because urethane polynmers with the desired physical properties can be

casi |y obt ai negnbypyapy} ogh Lhe AN IBLLUR: ARAY Liron Kepelaahier, 2
description is given on polyurethane resin as a typical naterta or

form ng Lishi r 0 C o VAL in.is
constitu%ggpggegﬁ’fgggggégféxﬁﬁﬁ%%ﬁéﬁ?Fuéﬂbo 3bcggﬁﬁégﬁ%ﬁﬁﬁié8§§01’

hi gh- nol ecul ar - wei ght _pol yol . . a | ow nol ecu] ar - wej ght | yol, and the |ike)
and a chdi n°&x §ﬁ8§?5aﬁoﬁéé?ht p09yﬂgn?ﬂ§ #gﬁcygkgyeaggn%oﬁ%ﬁ%? aconpound
known in tge field of polyurethane can be used w thout particular

limitati GA-SPHE I socyanat e conponent includes, for exanple, aromatic
diisocyaﬁgh g such as 2, 4-tol uene diisocyanate, 2,6-toluene diisocyanate,
2,2'-dip g Inet hane di i socyanate, 2,4'-diphenyl nethane diisocyanate,

4, 4" -di phenyl et hane diisocyanate, 1,5-naphthal ene diisocyanate,

p- phenyl ene” di £858Fahse YR phERTPERENE i 3 6eFRARPE Xy ) itdifef dfidocyanat e
and mxyl yl ene diisocyanate, aliphatic diisocyanates such as ethyl ene

di i socyafatRo1yNzethang reb A upes e ipteper o ¢ e by adaié agign- The

1, 6- hexanet hyl ene diisocyanate, and cycloaliphatic diisocyanates such as
1, 4-cyc| bRegdABaER| sevpanane, iaciudgs eyEPbhexgnehet hahengtigocyanat e,

i sophorone diisocyanate and norbornane diisocyanate. These may be used

al one ordagsacpiretee sfichweso?, doftelubeecdiisfopasite, 2, 6Acolhene

i socyanate conponent, it is possible to use not only the above-descri bed
di i socyadat eocpapetads2pit -disbenyl methane diisocyanate,

2,4’ -diphenyl methane diisocyanate, 4,4'-diphenyl methane-A
diisocyanate, 1;5—naphthaleﬁe diisocyanate,: p~phenylene
diisocyanate, m-phenylene diisbcyanate, p-xylylene
diisocyanate and m~-xylylene diisocyanate, aliphatic
diisocyanates such as ethylene diisocyanate, 2,2, 4-trimethyl
hexamethylenediisocyanateand]46—hexamethylenediisocyanate,
and cycloaliphatic diisocyanates such as 1,4-cyclohexane
diisocyanate, 4,4’-dicyclohexyl methane diisocyahate,
isophorone diisocyanate and norbornane diisocyanate. These
may be used alone or as a mixture of two or more thereof.
A{0026]
As the isocyanate component, it is possible to use not

only the above-described diisocyanate compounds but also

10



mul tifunctional (trifunctional or nore) polyisocyanates. As the

mul tifunctional isocyanate conpounds, a series of diisocyanate adduct
conpounds are commercially avail able as Desnmodul -N (Bayer) and DuranateTM
(Asahi Chem cal Industry Co., Ltd.). [0027] Anong t he af orenenti oned
i socyanate conponents, it is preferable to use aromatic diisocyanate and
cycl oaliphatic diisocyanate jointly, and it is particularly preferable to
use toluene diisocyanate and di cycl ohexyl met hane dii socyanate jointly.
[0028] multiAsntheohikgh{epleantalonailght motyplpolky conpramatdmowdsi n t he
field of polyurethane can be used without particular limtation. The

hi gh- nol egdl at1weirahictpeohral iisbelutase tompexampl,ea pelrietsher pol yol s
represented by pol ytetranet hyl ene ether glycol and pol yet hyl ene gl ycol,

pol yest ef ; RALY.9h$ sk ePhesRRke ol oReleb Ul eranadicialiey Relyeskek as
pol ycar bonat e pol yols exenplified by reaction products of polyester glycols

such as Bg's}ﬁ%%&%a%%g%rP%'r%%ué@ﬁa@@*wt:ﬁ@mi aglane W thaaskyy ere
carbonate, polyester polycarbonate polyols obtained by reacting ethylene
carbonatitg|5h a multival ent al cohol and reacting the resulting reaction

m xture Wth’an organic dicarboxylic acid, and pol ycarbonate polyols

obt ai ned B% ﬁjter exchange reaction of a pol yhydroxyl conpound wth aryl
carbonaté. % se may be used singly or as a m xture of two or nore thereof.

[ 0029] limtatiqQn_is | Npas r- r | equl:@ar wei ght
ggoa higgbgniegﬁpgg gR O§8P§8F18&%%iggfgy%5e §r§%%§??%$F%2 ?gnég of from
pol y b (r) et RX6& er %gl%h %Io\f/ Iu%"é/p %Ir%tma%fi ca rc‘ii(:f;_l.s%sctfa% agchea ra%%lt %rylcS_Lth i fh a1 P bt ai ned

| diisocyanate jointly, and it is particularly preferable to use

toluéne diisocyanate and dicyclohexylmethane diisocyanate
jointly.
[0028]

As the high-molecular-weight polyol, a compound known in
the field of polyurethane can be used without particular
limitation. The high-molecular-weight polyol includes, for
example, polyether polyols represented by polytetramethylene
ether glycol and polyethylene glycol, polyester polyols
represented by polybutylene adipate, polyester polycarbonate
polyols exemplified by reactién products of polyester glycols
such as polycaprolactone polyol and polycaprolactone with
alkylene carbonate, polyester polycarbonate polyols obtained
by reacting ethylene carbonate with a multivalent alcohol and
reacting the resulting reaction mixture with an orgaﬁic
dicarboxylic acid, and polycarbdnate polyols obtained by ester

exchange reaction of a polyhydroxyl compound with aryl

11



nunber - aver age nol ecul ar wei ght thereof.is |l ess than 500, a pol yurethane
resin obtained by using the polyol does not have a sufficient elastic
characteristic and easy to be fragile, and a polishing pad made fromthe
pol yuret hane resin is excessively hard, which sonetimes causes scratches to
be generated on a surface of an object to be polished. Mreover, since a
polishing pad is easy to be worn away, it is unpreferable fromthe
viewpoint of a life of a polishing pad. On the other hand, if a

number - axgr-age el ecthase Wed @iHe h@%ﬁeginéﬂj%ﬁ%sggoﬁlx@u?@'éﬁhﬂw’&goEad made
froma pol yurethane resin obtained fromSuch a polyol is unpreferably soft
to therehy.di sghle g sufficiently satisfiable planarity to be earned.

[ 0030] Be5|§éstheaboveh|gh nol ecul ar - wei ght pol yol descri bed in the
above as ]yol conponent, it is preferred to concomtantly use a
|OMFnD|6éU|ar wei ght ponoI such as ethyleneglycol 1, 2 propylene gl ycol,
1, 3-propyl ene glyfém but anedi ol butagpdlol ne |o

2, 3- but anedl ol E%‘éﬁ‘é& of, ¥ %Spéé%t%/r} ga\ y(])“]lm ef_ffwa’/rgl h&?%ﬁe& et hanol

3- et hyl di I I th
1. 4 bi o 2EASBP ok et R %Oﬂfecﬁgy kel PR HPOrBRD, g AR EgErabLy

1, 2, 6- hexanetri ol r ito ra hyl .ol cl ohexane

L2 O e e L0l PEPLASYLA oL obeLr el vl ol Yl AN, e

2,2,6, 6- tetrakls&h ydr.oxy nethyléc clohexanol dlethanolanlne
N—nethylﬁpéfﬁﬁﬁﬁ amith€ {hd2Pr PRLRAREA BﬁﬂﬂéreEBﬂPﬁDFééﬁPar iyht pol yani ne
such as et hyl enedi am ne, tolyl enedi am ne, phenyl nmet hanedi am ne, and

di et hyl eREF'PPARPNE L RESF E@lﬁ§é&arAW€éHBF §ﬁ?ﬁ§°§uéﬁ 48SfphBaRhafBt anlne

2- (2-am noet hyl am no) et hanol and nonopropanol am ne e used. These may
be used BPAYLyethans eopbireRtadined kvwséndnbhe Rehgel 3&@ &t BAVeof the

| ow- nol ecul ar - wei ght pol yol, the | ow nol ecul ar-wei ght pol yam ne, or ot her
mat er i al 8 $wfhiorignl eilegitarc ghara¢tedlsthd amgycday gspbopriamidiey dader m ned
depending on the properties required of the polishing pad (polishing | ayer)
t o bemanafractisteidhy Peelfraddlfyrorhbhe verl yuted heoret easinfist hgcessively

| ow- nol ecul ar - wei ght pol yol, the | ow nol ecul ar-wei ght pol yam ne, or the

i ke i s hapdy 20htioch76%mbyimekecbhased enrthehampunt bef gahérpokgiobn a
conponents. [0031] The content ratio between the ,

hi gh- nol eaufFacewsifghh pblgok asdbthpol awhedl e b esowet ghiimpeod ol in the

pol yol conponents can be determ ned dependi ng on the properties required

of the ppbisbhhggl gyerid eaks poaskiced-{ aaayt, hesel Mmngiredlesable from
the viewpoint of a life of a polishing pad. On the other hand,
if a number-average molecular weight thereof exceeds 2000, a
polishing pad made from a polyurethane resin obtained from such
a polyol is unpreferably soft to thereby disable a sufficiently
satisfiable planarity to be earned.
[0030]

Besidestheabovehigh—molecular—weightpolyoldescribed

in the above as a polyol-coméonent, it is preferred to
concomitantly use a low-molecular-weight polyol such as
ethyleneglycol, 1,2-propylene glycol, 1,3~-propylene glycol,

1, 2-butanediol, 1, 3-butanediol, 1,4-butanediol,
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[ 0032] In the case where a pol yurethane resin is produced by neans
of a prepolyner nethod, a chain extender is used in curing of a prepolyner.
A chain extender is an organi c conpound having at |east two active hydrogen
groups and exanples of the active hydrogen group include: a hydroxyl group,
a primary or secondary am no group, a thiol group (SH) and the |iKke.
Concrete exanples of the chain extender include: polyam nes such as

4, 4" - met hyl enebi s(o-chl oroani l i ne) (MOCA), 2, 6-dichl oro-p-phenyl enedi am ne,

4,4' -met hybepabkfedi 317 ¢hleeheaBinkidie), neopentylglyol,
3, 5- bls(nethylthlo) 2,4- toluenedlanlne

3, 5-bis( 14h¥PEﬁbﬁexgn@dtlﬁle%ﬁﬁ%@'lam3n§1et%y§-‘i' ef hydr@lneenesig, 4- di ami ne,
3, 5-di et Ito uene- 2, 6-di am ne trlnethy éne egcoI di - p- am nobenzoat e,

pol ytetr di be

4,4' - dlaﬁgﬁ%ﬂghgﬂegﬁgheﬁé %ggfﬁy %phgaylnethane

4, 4" -di a 0 Il th 'q:E | et

4, 4" - dlag}%obésgz gygigggggé%333§88%| éhény &Tiﬂgﬂghe,

1, 2- b|s(2 am no y ) et hane

30 Do oRngess8 o 2yt eeaeet&.lolfhﬁe&taﬁrﬁy Fitiode fot ramethylol

N,N -d| sec-butyl-4,4' ophen met hane,

3,3 -dleFH§i°E %anaraWngaﬁbﬁgﬁfﬁ ehaﬁgrq%58%3HQQﬂﬁﬁtQ% mguteitol,

Xyl yi eéﬁéré‘é}%‘ezpeﬁ e%ﬁ%&%‘é«‘é‘%ﬁ RSP SOy G e e L

| ow- nol ecul ar-wei g am ne. _The chaln extenders descri bed above may be
used eltﬁéﬁtaﬁﬁﬁéaﬁﬂn?m FREGPE 8L SERETRILABL NEr ARG BE LSRR L amine. A ratio
bet ween an i socyanate conponent, a polyol conponent and a chain extender in
t he i nvehPrVoROEGRUBATINEAREY MWLM%m%ﬁﬁsﬁﬂﬁﬁs%ﬁuﬁﬁhﬁ%ﬁ?qq}4ﬁﬁ3§bular wei ght s
t hereof, desired physical properties of polishing pad and the |ike. In

or der totebvéﬁﬁedlemﬂh§h|ﬂgp@@@MMMQﬁhﬁ§§4@§@Hﬂﬁrl§H¥ g characteristics,
ratio of the nunber of isocyanate groups in an isocyanate conponent

rel ati vediethyilenatraamboe okyade wedddr 3genhgloapdinehpdebxfp groups +

am no groups) in a polyol conponent and a chain extender is preferably in

t he rangeonbethencQ. 80ine, 1220 2amch imored hylefidmad| yetianidde arghge of from
0.99 to 1.15. Wen the nunber of isocyanate groups is outside the

af or emenhbabpdopange, atnherenay aet enddncyThdse may ilng wedd cienrly icr caused,
requi red specific gravity and hardness are not obtained, and poli shing
propertyihscedabenbeiahedf [t34r more kiAdxl ywhet kaneenesbdi cas be
produced by applying a nelting nethod, a solution nethod or a known

pol yrer i za{,-B81kechairduwei ghdmRa Yo, Ry afhr-ady e dsl sar el itghtg et hod,

consi deration being given to a cost, a working environnment and the |ike.
polyamine, or other materials is not particularly limited, and
may be appropriately determined depending on the properties
required of the polishing pad (polishing layer) to be
manufactured. Preferably, however, the content of the
low-molecular-weight polyol, the low—molecular—weight
polyamine, or the like is from 20 to 70% by mole based on the
amount of all polyol components.
[0031]

The content ratio between the high-molecular-weight

polyol and the low-molecular-weight polyol in the polyol
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[ 0035] Manuf acture of a pol yurethane resin is enabl ed by nmeans of
either a prepolyner nethod or a one shot nethod, of which preferable is a
prepol ymer nethod in which an isocyanate-termn nated prepolyner is

synt hesi zed from an i socyanate conponent and a pol yol conponent in advance,
wi th which a chain extender is reacted since physical properties of an
obt ai ned pol yurethane resin i's excellent. [0036] Note that an

i socyanate-term nated prepolyner with a nol ecul ar weight of the order in

t he rangeofbohea®s8eant 85080 cirthipeaf @Eg@h@ﬂ%@c ausenal pexgrldarey in
wor kabi ity and physical properties. [0037] Manuf acture of the

pol yur et hapg kel Bl $hk0pBh X shifqf 155k COBPRRERL CARLA Hridgh #Rseocyanat e
group contai ni ng conpound and thé secCond conponent containing an active
hydr ogen, graup  §ant ai ning conpound to thereby cure the reaction product. In
t he prepgﬁyner nmet hod, an isocyanate-term nated prepol yner serves as an
isocyanatgoQ%iup cont ai ni ng conpound and a chai n extender serves as an
active hJ rogen group containing conpound. In the one shot nethod, an .

i socyanate conmponent serves as an isoc§ Qgteeg;oug caont inkpg ¢Q %und, and
a chain ext endel ANLIE POFYSI2 REhBBAGHE RS STl 8 EMPEoss! B4 Pve

hydr ogen_contai ni n cquo d., (003 uretﬁ$ne resi.n fogmas a

mat eri al °Fof ¥ora? ng"Thé'p Q§ﬂﬂag§%%§9e?XB?§Pﬁg?%?é§%% FThVEHt i °can be
produced o AESHEN. o3l 990 pg. ToLtod, o chem ol Toan g Tehod, o oy
used in g% ééﬁ%iéﬁé g&%gv%h§§§rg§éggg§5ups and examples of the active
hydrogen group include: a hydroxyl group, a ﬁ)rimary or secondary
amino group, a thiol group (SH) and the 1like. Concrete examples
of the chain extender’include: polyamines such as
4,4’—methyienebis{b—chloroaniline)(MOCA),
2,6—dithoro—p—phenylenediamine,
4,4’ -methylenebis (2, 3-dichloroaniline),
3,5-bis(methylthio) -2, 4~toluenediamine,
3;5-bis(methylthio) -2, 6-toluenediamine,
3,5-diethyltoluene-2, 4-diamine,
3,5-diethyltoluene-2, 6-diamine, trimethylene
glycol-di-p-aminobenzoate, polytetramethylene
oxide~di—p—aminobenzoate,
4,4’—diamino—3,3’,5,5’~tetraethyldiphenylmethane,
- 4,4"-diamino-3, 3’ -diisopropyl-5.5’-dimethyldiphenylmethane,
4,4’ -diamino-3,3’,5,5’ ~tetraisopropyldiphenylmethane,
1,2—bis(2—aminophenylthio)ethane,

4,4’ -diamino-3,3"~-diethyl=-5.5’ -dimethyldiphenylmethane,
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[ 0039] Particularly, a nechanical foam ng nethod using a
silicone-based surfactant which is a copol yner of polyal kyl sil oxane and
pol yether is preferable. As such the silicone-based surfactant, SH 192,

SH 193, L5340 (manufactured by TORAY Dow Corning Silicone Co., Ltd.) etc.
are exenplified as a suitable conpound. [0040] Various additives may
be m xed; such as a stabilizer including an antioxidant, a lubricant, a
pignent, a filler, an antistatic agent and others. [0041]

Her ei naf el -a1deserbpityar 4, 3/ gidd emieoparngReralhaine met hod of producing a
pol yuret hane resin foamthat is used to formthe polishing |ayer of the

_present i3nwenty; @R hNd 4G QML Rg i AVl phRinhS métHard)ein-:ang éners driigld hed by
5to 45 with respect to the direction of the thickness of the polishing

layer. Ay mel (1s%fc—l?)ﬁcé‘;r'ﬂ)cjpﬂ@)h%%‘iﬁe%e?ﬁla)‘rﬂrn‘;‘et,hﬁﬂﬁhéfj??l8né8§8¥nhﬂ6|aH{H?S t he

steps deséribed below. “1) "a foanmi ng step of preparing a bubbl e di spersion

Liquid of, an3eexanataLer TRaked ARl L/d ke CRIRRNENtdg wherei n a

silicone-b sur is added into an 1socyadnate-term nated

e by b AIE i3 AR R el Jo8 U °SBRGE AL 1A BRBebeRsyl Yo 925 1O

t her eby € non-reac gas 1 nto the prepolynmer as fine bubbles

and obtain a hubble. dispersion liguid. .ln case e eppl.ynmer is
solid at “&F<Gr |er?1ara$°f’§n$3¥a]?%rles,’eq?heeltphreerp%llfqnle% O;éﬂ%r%%gg gé g ta"p%or per

tenperature and u in ) i i
niQPng s#' and | %%%e. a nolten state. 2) a curing agent (chain extender)

[0033]

A ratio between an isocyanate component, a polyol
component and a chain extender in the inventicn 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 of the number of isocyanate groups in
an isocyanate component relative to e total number of active
hydrogen groups (hydroxyl groups + amino groups) in a poiyol
component and a chain extender is preferably in the range of
from 0.80 to 1.20 and more preferably in the range of from 0.99
to 1.15. When the number of isocyanate groups is outside the
aforementioned range; there is a tendency that curing
deficiency is caused, required specific gravity and hardness
are not obtained, andvpolishing property is deteriorated.
[0034]

A polyurethane resin can be produced by applying amelting

method, a solution method or a known polymerization technique,
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wherein a chain extender (second conponent) is added into the bubble

di spersion liquid, which is agitated to thereby obtain a foam ng reaction
liquid. 3) a casting Step wherein the foam ng reaction liquid is injected
into a nold, and the nold is then clanped. 4) a curing Step wherein the
foam ng reaction liquid injected into the nold is heated to be reacted and
cured, the state is held by conpressing or deconpressing the inside of the
nmold until the Iiquid does not flow [0042] The non-reactive gas used for
form ng fangowbbtie reF e riabaker bl ive Notn¢ ebUsU, bt 6h s P-4 51 SP@elihigcal |y
ni trogen, oxygen, a carbon dioxide gas, a rare gas such as helium and

argon, ardwnmxed @astther efrkialdchhe rahhedii 8ddt @nkengye water is nost
preferable in respect of cost. [ 0043]

[0035]

Manufacture of a polyurethane resin 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 aipolyol component in advance, with
which a chain extender is reacted since physical properties of
an obtained polyurethane resin is excellent.

[0036]

Note that an isocyanate-terminated prepolymer with a -
molecular weight of the order in‘the range of from 800 to 5000
is preferable because of excellency in workability and physical
properties.

[0037]

Manufacture of the polyurethane resin is to mix the first
component containing an isocyanate group containing compound
and the second component containing an acfive hydrogen group
containing compound to thereby cure the reaction product. In
the prepolymer method, an isocyanate-terminated prepolymer
serves as an isocyanate group containing compound and a chain
extenderservesasenlactivehydrogengroupcontainingcompound.
In the one shot method, an isocyanate component serves as an

isocyanate group containing compound, and a chain extender and
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As a stirrer for dispersing the silicone-based surfactant-containing first
conponent to formfine bubbles with the non-reactive gas, known stirrers
can be used without particular Iimtation, and exanples thereof include a
honogeni zer, a dissolver, a twi n-screw planetary m xer etc. The shape of a
stirring blade of the stirrer is not particularly limted either, but a
whi pper-type stirring blade is preferably used to formfine bubbles. [0044
] In a preferable node, different stirrers are used in stirring
for formanga Jubkichdnerer Sidabincauistdved he sid radtigestgpi@ydn n stirring
for m xing an added chain extender in the mxing step, respectively. In
particul a5, gdyﬂdu%dmﬁgdﬁajﬁxing step may not be stirring for formng
bubbl es, and a stirrer not generating | arge bubbles is preferably used.
Such a stmﬁfﬁg is preferably a planetary m xer. The sanme stirrer may be
used in the stirring step and the m xing step, and stirring conditions such
as revolution ra I LLLE r.e b r
necessary. [0055%819£rggﬁaﬁEAéé%ggag%%ggmg§b§§?§%§5?8k%ga@%@%ﬁ%fsgﬂierfOrm
a different .operation fro onvent i I hani cal ,.f.oam t in the
%H&lgt H.gygﬁ @y gh%epflegérlx@g%v Cfl.h)qp R b%hég%§€§gg k?)ﬁ%

casting §¥{ _ rrng-step in or 0 'produce I'yuret’hane resin
o ol B roeRit meide o cphRSehEl HhABR SRR Sy e o
an opposibas 8 okl bEekRaePHe toperhed s er Tt T dhen
Pol 5. fofiet SaITAT S1nGi e Sib SSTBTORA . Sediq T 45 G when the. mol d i s
conpressed are formed in the upper lid of the nold. Thereafter, while the

f oam ng rl@&33lon liquid is heated to be reacted and cured in the curing
step, the side of the nold is noved to conpress the nold, and the state is

hel d until the BeariesilEitdiy (d e Sada G, IEshpssiab i Sie P rlef er abl y
conpressed to 50 to 95% of the original horizontal wdth, and nore -

pr ef er ablsyi 1§Gdne-9emedr s iagosit iWWh ¢l i & aamyredhtfessed so-that the
excessive foamng reaction liquid is sufficiently discharged fromthe vent
hol es. | pdlhisl kodse, lddend anyl pdlsyadfhasacks afrafrravie . céisl such tbgghl y

per pendi cular to the noving direction of the side surface of the nold.
[0047 ] silicone-based surfactant, SH-192, SH-193, L5340

(manufactured by TORAY Dow Corning Silicone Co., Ltd.) etc. are
exemplified as a suitable compound.
[0040]

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

'[0041]

Hereinafter, a description is given of an exemplary
method of producing a polyurethane resin foam that is used to
form the polishing layer of the present invention and contains
0valcellswiththeirlongaxesinclinadby5°t645°withrespect

to the direction of the thickness of the polishing layer. A
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2) Case 2 In the casting step, about 50 volume % of a foam ng
reaction liquid is injected into a nold, and the upper surface of the nold
is then covered with an upper lid to clanp the nold. It is preferable that
vent holes for discharging the excessive foamng reaction |iquid when the
nold is conpressed are fornmed in at | east one side surface of the nold.
Thereafter, while the foamng reaction liquid is heated to be reacted and
cured in the curing step, the upper lid and/or |ower surface of the nold is

nmoved t ome@RpKESS piridveluding, sasd d pelghatehhfe Mg irbhh frhe GPeskt i on
does not flow. The conposition is preferably conpressed to 50 to 98% of the

ori gi nal shebghtiesardnaar ecpbef erably 85 to 95% The conposition is
preferably conpressed so that the excessive foam ng reaction liquid is

sufficieny|y dbaghalogdedr oMt e @i MOkRDold dite 2336, 1&5}1%&'(1089 axis of

each of the oval | s 1's roughly perpendicular to the novin Irection of
t he upper, .l L f ] In the
casting é?e%goeyﬁégﬁgnaégégggﬁgﬁ P?%EPg9bgrl%ggéﬁeggkﬁgﬁﬁﬁgﬁount capabl e of

formng a aﬁagslhngosﬁﬁqghg Bt R REE R L8Rk e LS ng L

covered W th an upper econpre55|ng t he

d f th d, Th th
;SZhlﬁgoreac ngkgqu? ?gﬁpngﬁggfegéﬁsﬁ éﬁggggﬁggeganhgggur?ng
step, the inside of 1 ol d. g deco gg agd the state %s hel d until
the m xel*S8FUtFof dgegoﬂoFeFF ﬁFeTﬁé PFPBY HLSBPEPErBBPy conpressed

to 90 to_30 kPa,  and nore Ereferabl his case, the long

axi s of BRBRTGRCFREC AT 18 pygh$§wpﬁg prrh%?éﬁFﬁﬁbFBbiﬁ%EﬂEi8H#aHPrection

of the nold. [0049] 4) Case Predet erm ned anmounts of water and a
curing agemtP %a@hﬁﬁ%f%%9QalBEHBQe F R FeFeren ¢ i d 0P raRoLymer 1s
i socyanate-term nated prepol and the mxture is stirred to give a

f oam ng Peattidn A qErdratie F@HﬁFﬁEHF@adﬂﬁbWHQRﬂAWﬁQ%1EOBF%He@ﬁe§n anount
of 50@62% volume or nore into a nold being heated, and then the upper side
of the nbPdaiBOEBYEr BERPEALARCUPPEr UFPE, inha cholEenostated by cl anping of
the nold. The upper lid has vent holes for discharging excess foam ng
reaction?ligufdrisubsequent thainhextendey) sneping peepormed in which the
foanming reaction liquid is heated to undergo a curing reaction. In this
process, r cdrdsmirdaoxiatien gag enslepr édacend ongmmarddct sarlded iintcoease t he
pressure in the nold, so that excess foam ng reaction liquid is discharged
from t hebwleint e hidl = rdipnt Hiisyudagewhtibe 1 orgy Boeisedftcovakbrebly| sbiaden
substantially parallel to the direction of the height of the nold. [0050]

a foaming reaction liquid. '

3) a casting Step

, Wwherein the foaming reaction liquid is injected into a mold,

and the mold is then clamped.

4) a curing Step

, wWwherein the foaming reaction liquid injected into the mold

is heated to be reacted and cured, the state is held by

compressing or decompressing the inside of the mold until the

liquid does not flow.

[0042]

The non-reactive gas used for forming fine bubbles is
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The vent hol es preferably have a size of about 1 to about 5 mmt, and for
exanple, a nold of about 1,000 mm square preferably has about 6 to about
20 vent holes. Qut of the above range, the raw naterial nmay tend to be | ost
in a large amount, or oval cells may tend to be difficult to obtain. In the
cases 1 and 2, the timng at which conpression is started is preferably the
poi nt when the viscosity of the foam ng reaction |iquid exceeds 10 Pas. For
exanpl e, the viscosity of the foam ng reaction |iquid can be nmeasured using
Model TVpiBEeYebigmeber cOTOKEtSANEYOa@O. is ISPROL Mical IRotnart dg e rpmin
nunber of revolutions) . Also in the case 3, the timng at which the

pr essur eok9guat ipdaibostdrdadia@ysbea tiee samresash desoribedanaugon,n t he
case 4, the process may be used in conbination with the conpression or

pressur eahaduGhi 98d P -t HOE], and the aithartrethed oémeveducidy itshe
pol yur et hane resin foam heating and post-curing of the foam bl ock obtai ned

unti | thﬁogksggé§gggbh@sgnf&@%@b@i ajre ffrective in inproving the physical
properties of the foam and are extrenely preferable. [0052] In the
producti @go@kjt he polyurethane resin foam a known catal yst pronoting

pol yur et hane reaction, such as tertiary am ne-based catal ysts, nmaybe used.

The type and aggpunt .ot a he deterynred isagonsi deration of
flowtime in cggt?naeﬁﬁkggp?ggebgékfﬁgg%%b?d after the nﬁfing step. [0053]

In the p%ﬁﬁgggtgﬂ\é@%mm&%gp%if?@@@g% %%E%@glrxgﬁ@sasb gsiyy drpam

bl ock sh e cut "at ‘an an 0 _ a shave- or hand sawtype
oS P B8R VIl S0 K TR il e, ar
particular limitation, and examples thereof include a
homogenizer, a dissolver, a twin-screw planetary mixer etc.
Thé shape of a stirring blade of the $tirrer is not particularly
limitedeither,buteawhippér—typestirringbladeispmeferably
used to form fine bubbles.
[0044]
In a preferable mode, different stirrers aré used in
stirring for forming a bubble dispersion.liqﬁid:hithe stirring
step and in stirring for mixing an added chain extender in the
mixing step, respectively. In particular, stirring in the
mixing step may not be stirring for forming bubbles, and a
stirrer not generating large bubbles is preferably used. Such
a stirfer is preferably a planetary mixer. The same stirrer
may be used in the stirring step and themixing step, and stirring
conditions such as revolution rate of the stirring blade are

preferably regulated as necessary.

[0045]
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polishing |layer can be formed. The angle of inclination is preferably from
10 to 45, nore preferably from30 to 45. Fig. 2 is a schematic di agram
showi ng the cross-section of a polyurethane resin foamblock. Fig. 3 is a
schemati c di agram showi ng the cross-section of a pol yurethane resin foam
sheet obtained by cutting the pol yurethane resin foam bl ock. For exanpl e,

t he pol yurethane resin foamblock 8 is cut at an angle of 30 wth respect
to the plane of the block 8 so that a pol yurethane resin foam sheet 9 can

be formed havi 88 QawdlriGRld Sbdde ?%‘%M%%Qe%sbﬁ?@;%@?e%fgfn{ AeliicradeRy 30 with
respect to the direction 11 of the thickness of the sheet. Wen the cutting

Lo i Do > . .

iggm?ﬁblzg?@‘é%%&%@ %Si*@ﬁeﬁiziﬁgfﬁeﬁf o rsﬂlg%é*‘ﬁ%t%%‘ﬁjﬁgﬁéé‘g;lﬁétﬂ?ﬁigﬁéh”
| . . | |

The ovalb%%?ﬁggp?g?grgh?yethgﬁglﬁgt%ggﬁng)O%gggvg?a gOPgﬁé gg?s | engt h

(L) to aég??ggeﬁﬂgﬁg ra@(%isn lf%g%t Egé@%igfbp&t%v&@gf?’e’llgqr eIB%cﬁJteJialbl }égl 3 to

ovedl “Célls al so

2.5, in Ircalar, préeterably 0 e
preferabkéliave an agerg?enlong axi.s Ieggth of 30 to 200 gm and an aver age
short axiS'I-8KYEH GPe58TFE 655 pRF-FP PRy depart from the ranges, the

polishin? &g%i may tend to be low, or the planarity of the material being
pol i shed ? ry may tend to be low [0056] The pol yurethane resin
foanlshegi nag al so contain any other type of cells such as spherical cells
or oval 1+85Gi th their long axes parallel to the direction of the
t hi ckness of the sheet. To fully achieve the desired effect, the ratio of
the nunber of bYaFheelcestdadn shisth 2Py ali ¥FOLHER fedPhya5EPEMABIN t h
respect to the direction of the thickness of the sheet to the nunber of al
cel s i sTpRrEFEPRDLI YABEHYbF RIS ritn & &l pieodhich woeesidg or
particular, preferably 80% or nore. The percentage of the nunber of the
oval cel 88 erPPIHeFHdeoiBatoviRbhe n arik tées hppdrr angtady corityeompildg t he
degree of conpression of the nold, the degree of reduction in the pressure
in the nbsdther cheeaadunitbf anatpperolbd &ddedamp0®5#] mold. It is

pre‘.f'era.ble that vert holes fér discharging an excessive foaming

reaction liquid when the mold is compressed are formed in the

upper lid of the mold. Thereafter, while the foaming reaction

liguid is heated to be reacted and cured in the curing step,

the side of the mold is moved to compress the mold, and the state

is held until the composition does not flow. The composition

is preferably compressed to 50 to 95% of the original horizontal

width, and more preferably 80 to 90%. The composition is

preferably compressed so that the excessive foaming reaction

liquid is éufficiently discharged from the vent holes. 1In this

case, the long axis of each of the oval cells is roughly

perpendicular to the moving direction of the side surface of

the mold.

[0047]
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Preferably, the pol yurethane resin foam sheet has a specific gravity
ranging fromO0.3 to 0.88. Wien the specific gravity is less than 0.3, the
surface strength of the polishing pad (polishing | ayer) decreases, so that
the planarity of the wafer tends to decrease. Wien the specific gravity is
| arger than 0.88, the cell nunber on the surface of the polishing pad
decreases, so that the polishing rate tends to decrease despite excellent
pl anarity. [0058] Preferably, the pol yurethane resin foam sheet has
a hardne®s fessurled by ASKER D hardness neter, ranging from45 to 65
degrees. Wen theASKER D hardness is | ess than 45 degrees, the planarity of
the waf er decr @aséhe whaisité ngherehe alpandgneds viod umer & tdfarm g addgrcees, the
uniformty of the wafer tends to decrease despite excellent planarity.

[ 0059] reactidnpdligshdngs siurfeceediintbea podidhiamg tagenppértherface

pol yur et hane resin foam sheet, which cones into contact with an object to
be pol i shad:thasndl Rspethéy ivdiaddine thr &y ivgedf b dred aileirpgthadislef r eshi ng
a slurry. A polishing |ayer made of a foam has a nunber of openings in the
pol i shi ngtsukfesre Al bahaa LeRethoneoffdretacrhaggang teéresddngiwe slurry.
By formng an asperity structure on the polishing surface, it is possible

to condugi,hatentEaRtaBH Iefu s R tak hded sldietnmpreseeef AL6i Rdiad and to
prevent the object to be polished from breaking due to adsorption of the

materi al it0 Jge1palished. sThe shapgcef okhenaspeiitly BlEMEd BE&r ] SyOle
particularly limted insofar as it is able to retain and refresh a slurry,

and for %gﬁe[fgggmié O%s&wgng{?@&m LONGENI ¢ J HBIrGLEPXA, ah BT AUy hol e,

non-t hrou e, gonal coluamm, circular cylinder, spiral groove,

eccentric ring 9&99}{598%%%3@@ Y&, uyg?ag%@ R8lbensheneaf o £ambe

reci ted. These "asperity ur es "gener ave regularity, however,

dert ai n riige PaPoUEh el bHr B8 B FRUG A Sl 1SR L BRr R Y,
the composition does not flow. The composition is preferably
compressed to 50 to 98% of the original height, and more
preferably 85 to 95%. Thecompositbmlispreferablycompressed
so that the excessive foaming reaction liquid is sufficiently
discharged from the vent holes. 1In this case, the long axis
of each of the oval cells is roughly perpendicular to the moving
direction of the upper 1lid or lower surface of the mold.
[0048]
3) Case 3

In the casting step, a foaming reaction liquid is injected

in an amount capable of forming a space into a mold, and the
upper surface of the mold is then covered with an upper lid to
clamp the mold. Holes for decompressing the inside of the mold

are formed in the upper lid. Thereafter, while the foaming

reaction liquid is heated to be reacted and cured in the curing
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[ 0060] A preparation nmethod of the asperity structure i s not
particularly limted. Exanples of preparation nethod include the nethod of
machine cutting using a jig such as a bite of predeterm ned size, the
preparation nmethod of pouring a resin into a nold having a predeterm ned
surface shape, and allowing the resin to harden, the preparation nmethod of
pressing a resin with a pressing plate having a predeterm ned surface
shape, the preparation nethod of using photolithography, the preparation
nmet hod usiceg, pEhetid dEeiNtHYase 1 @NG HB@OQF@@@%@H& oandrettwéthasedson | aser
beam usi ng car bon di oxi de gas laser or the like. [0061] The

thi cknesgc9f Hheipolis 'Frll%d %)Sghtll%ngé%é ahdy, flt&',& i @h@%ohb@b&@ﬁoho about
0.8 to 4 mm and preferab y 1.0t .5 pm [006 he range of the

thi ckness ;0 -LBer bOl | shirygid Gl eos 9@reée§@mpfa,l%d%9§ #Eéfer%ﬂ? the

range of £hie t than 100 vtm Iarge un ation 1s caused

f b
Lg|?gﬂfhg?e us a erser€$§ f%%%%?ﬁg&béﬁgéhggégz ar légﬁggpgsbs%% sol ve

t he rang the t hi ckne i S | a er h t he
ol 1 5hi nGo LAt e U Hac B B ARG ar Ty ion s §1 ot SR o RECT Ll ng by a
dresser Eﬁg ? abr asive grains of dianond dep05|ted or fused thereon but

t he poli ﬁg | ayer outside of the range descri bed above requires a Ionger
dr essi ng SIHE to reduce the efficiency of production. [0063] As a
met hod of! stippFedsi ng the range of thickness, there is also a method of
buffing the surface of polishing |layer haV|ng a predeterm ned

t hi ckness. Buf F¥f ngr%bhﬁﬂc?%ﬂuﬁF%f%fa%??egt ﬁkﬂQﬁl?%F$Bl?%%lng
sheets different in grain size. [O A ollshlng pad. of the
inventioﬁdﬁﬁ9ta1§$’ 3a3ﬁaﬁPﬁEFeOBﬂJaﬂH61?§ﬁthSP%y%?aE%dt%r%hghF%ﬂ sheet

adhered to each other. [0065]
prepolymer, and the mixture is stirred to give a foaming

reaction liquid. The foaming reaction liquid is poured in an
amount of 50% by volume or more into a mold being heated, and .
then the upper side of the mold is covered with an upper 1lid,
which is followed by clamping of the mold. The upper lid has
vent holes for discharging excess foaming reaction liquid.
Subsequently, the curing step is performed in which the foaming
reaction liquid is heated to undergo a ¢curing reaction. In this
process, carbon aioxide gas is produced by the reaction to
increase the pressure in the mold, so that excess foaming
reaction liquid is discharged from the vent holes. In this case,
the long axes of oval cells are substantially parallel to the
direction of the height of the mold.

[0050]

The vent holes preferably have a size of about 1 to about

5mm¢, and for example, a mold of about 1,000 mm square preferably
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The cushi on sheet (cushion |ayer) conpensates for characteristics of the
polishing | ayer. The cushion layer is required for satisfying both
planarity and uniformty which are in a tradeoff relationship in CW
Planarity refers to flatness of a pattern region upon polishing an object
of polishing having fine unevenness generated upon pattern formation, and
uniformty refers to the uniformty of the whole of an object of polishing.
Planarity is inproved by the characteristics of the polishing |ayer, while
uni for m ksl SHolRr eved Byouke20haeact Rolesi csOwt dheclousttiore l@ypge, The
cushion | ayer used in the polishing pad of the present invention is

pref er abky Sohli6fatdaat iy peknaht 804 ayeit. 1h008Grge amoulihe smtcarsilal
form ng the cushion sheet i's not particularly limted, and exanples of such

mat eri al J.RGlude A BRAWRY eFe f @bF f Costeh AR 416l yeshethaopxeven fakric, a
nyl on nonwoven fabric or an acrylic nonwoven fabric, a nonwoven fabric

| mpr egnabed, wh Uy G5 B SHELCRS AUl KRR SNAMOVEN ifaPib et apr panal ed with
pol yur et hidné, "pol'ynmer resin foam such as pol yuret hane foam and pol yet hyl ene

o o BReL LR, 880 s0ULATk AR FURREAG AN d:30A G LU eed

photosen§F1!ve resin.- ans ering the polishing |ayer _
tape | s S3ndd Gried: BBt REBICERE BT S G-t Bgert and tHE SUSh sp onegt.
const 1 ncH o R G SRRGATVE 1S5/ SR Dot dh gl o T akes of
bt oSSl 83, & Ve 8 b e R Rl AR g e 2
2)(2'”;[2’ pg?stogi%ugﬂéfé_%g%ége%ﬁeﬁ‘;@gp osi than, ot an adhesive Jaydri s for

is started may be the same as described above. In the case 4,
the process may be used in combination with the compression or
pressure reduction step.

[0051] |

In the method of producing the polyurethane resin foam,
heating and post-curing of the foam block obtained until. the
dispersion lost fluidity are effective in improving the |
physical properties of the foam, and are extremely'preferable.
[0052]

In.théjproduction.of the polyurethane resin 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
casting in a predetermined mold after the mixing step.
[0053]

In the present invention, then, the resultant
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an acrylic-based adhesive or the like. An acrylic-based adaﬁsixe'is
referabl e because of less of a content of netal ions, to iC
Eonsideration is given. Since a polishing layer and a cushion sheet is
sonetines different in conposition fromeach other, different conpositions
are adopted in respective adhesive |layers of double sided tape to thereby
al so enabl e adhesive forces of the respective adhesive |ayers to be
adj usted to proper values. [0069]- A polishing pad of the invention
may be prRviAed tMarfe %e@Q%bE%aﬁig?Qckagﬁoﬁfdtggeéﬂﬁpg%cgnognémg padsadher ed
to a platen. As the double sided tape, a tape of a commobn ¢ nstrug ionbcaﬂ
be used | b d i laye r K i hed Ve, . Provi on bot
surfacest%}wg sut%t$§?§¥%%5%¥hé§2§6%?$gé@%gggﬁcggd%%ﬁ%Ff%lESHﬁ%g§ﬁtfabric
or a film, er y. ysed is.a filmas.a substrate si.ncg
separati?ﬁ]Ia rg%??ﬁegégéi%ﬁp$§i%é%%%?é%? 5?Fg$n?ﬁéiﬁ§glgpg;ep8Fighﬁﬁg Ead:
As a co Sitl of an adhesjyve layer, .for ex |l e, ,a rubber-based adhesive
or an ag?§|i%%§§s£88888§s?9e£P§ g%%ﬁﬁF??Peag ggngFéBF%eF§ 3h gﬁ?ylic-based
adhesi ve of, | ess of t ions ip content to which consideration is
gi ven. [8%38%%i%g lay%§§§ﬁﬁcg%a%%€8F dev?%% 789 ﬁb??cb?ﬁglﬁ?F%?nob%ration
in a step of polishin urface of a sem conductor wafer with a polishing
pad. The F@Fl‘#a%lé’e#ﬁcgbﬁ&gcttoo&’vva‘i‘@?‘? RFSFETA Y TR £ SEPT cofifaf er on
which a wirin ne%al nd an oxi de | ayer arg stacked. No specific linmtation
is inposé%lgn aSpoF %Fﬁg 68 SfoY188nt 8n&6€?§£sﬁéFéPnonaapol|sh|ngd
appar at us, .and lishing,is_performed with a_polishing apparatus equipped,
agpshompf’r]ryl‘éirﬁegf?evf‘? i3 %@?fﬂs@ﬁ?@m &t6n 3 Suphstiony td perpeKPRg pad (a
polishing layer) 1, a polishing head 5 hol ding a sem conductor wafer 4, a
backi ng %ﬁ?éﬁliﬂal ther cappFyFRgt 2°0nP o MPreysfengiasin fieamwaheetand a
supply mechani sm of a polishing agent 3. The polishing pad 1 is nounted on
t he pol i ShFagnprabEncRtbynadhbe r§lynseshaneorerénpfapenbhithk. a Boubl e
sided tape. The polishing platen 2 and the polishing head 5 are di sposed so
t hat t heepalPshi ngh &Ly vaed hane seaivofehedookad ars ¢usuppent edgbde hel d by
them oppositely face each other and provided with respective rotary shafts
6 and 7.0A pobessinte megheat ste fidie psEsisé NGE ttiee SETBEloBluss othawafer 4 to the
polishing pad 1 is installed on the polishing head 5 side. During :
pol i shi ngplyheesbaneorshiot doawatleecd 9 sapdbe SToethebyhdei ng gr=assedlagai nst
the polishing pad 1 while the polishing platen 2 and the polishing head 5
~are rotaledeadtdl va t3l WrryngSasded.1oNenspeakhisy 1307 (ath Gedged geeghon a flow
rate of the slurry, a polishing |oad, a polishing platen eration nunber
and a vwaderecoiahi DN GRS thwdikel sar efpERReshyeBd] UhleedthE0QYdt ing

angle is adjusted between 5° to 45° as described above, a-
polyurethane resin foam sheet can be formed having oval cells
each with a long axis oriented and inclined at an angle of 5°

to 45° toward a constant direction.

[0054]
The oval cells preferably have a ratio (L/S) of average
long axis length (L) to average short axis length (S) of 1.1

to 3, more preferably 1.3 to 2.5, in particular, preferably 1.5

to 2.

[0055]
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Protrusions on the surface of the sem conductor wafer 4 are thereby renoved
and polished flatly. Thereafter, a sem conductor device is produced
therefrom through dicing, bonding, packaging etc. The sem conductor device
is used in an arithmetic processor, a nenory etc. Exanples [0072]
Description will be given of the invention with exanples, while the
invention is not limted to description in the exanples. [0073]

[ Measurement and eval uation net hods] (Measurenment of Average mmaj or

axi s and averaggeMyoI Xiiss aflsevake€elrhBly have arlaivegagenicngtades cutter,
t he prepared pol yur et hane resin foam sheet was cut parallel to the |ong

axes of 9% tﬁegk 3bnE8 A Wi [ 2sarRle. sEB%tsgﬁﬂboﬂeﬁ&tﬁa§@iﬁf the

rreasurerren sarrp es was Ot ogr apne with a scannl ng el ectron m croscope

QS e facch'eysqre §AGE PUhEIReRantblh EnB0S! 1 e

S- 3500N) i cati‘on e nmj r axr's m nor axrs of each

f I | I bi.t
of "  maf¥a el el o) VPRI aor he MCR B Trade e W N HORRL s ARk t e

average nmaj.Qr . axis L, erage nor,_ a nd L/S were calculéted fromthe
nmeasur edP 9&F§Q§é afe?) it ¢ I“P He 1R

[0056]

The polyurethane resin foam sheet may also contain any
other type of cells such as spherical cells or oval cells with
their long axés parallel to the direction of the th:‘rckness of
the sheet. To fully achieve the desired effect, the ratio of
the number of oval cells each with a long axis inclined by 5°
to 45° with respect to the direction of the thickness of the
sheet to the number of all cells is preferably 50% or more, more
preferably 60% or more, in particular, preferably 80% or more.
The percentage of the number of the oval cells can be controlled
within the desired range by controlling the degree of
compression of-the mold, the degree of reduction in the pfessure
in the mold, or the amount of water to be added.

[0057] |

Preferably, the polyurethane resin foam sheet has a
specific gravity ranging from 0.3 to 0.88. When the specif_icv
gravity is less than 0.3, the surface strength of the polishing
pad (polishing layer) decreases, so that the planarity of the
wafer tends to decrease. When the specific gravity is larger

than 0.88, the cell number on the surface of the polishing pad
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[0074] (Determ nation of the percentage of the nunber of oval cells
each with a long axis inclined by 5 to 45 wth respect to the direction of
t he thickness of the sheet) Using a mcrotonme cutter, the prepared
pol yur et hane resin foam sheet was cut in the direction of its thickness
into a neasurenent sanple. The cross-section (see Fig. 3) of the

measur enent sanpl e was phot ographed using a scanning el ectron m croscope
(S-3500N, manufactured by Hitachi Science Systens, Ltd.) at a nagnification

of 100 tijaRseaSuRseqyientltyshd (RAS ANAY $hEe SUANRES M AEXE qdmAtiact ured
by M TANI CORPORATI'ON) was used to count all cells and oval cells each with

a long axis.hRehingd by, 54,0 45 with respect to the direction of the
t hi ckness OF t he sﬁegt Fn g certain area, and the ratio (% of the nunber

of the oxng%ills to the nunber of all cells was cal cul ated. [0075]
(Measurement of specific gravity) Det erm ned according to JIS

Z8807-1976. A nuf act ur ed, pol yur et ha resin _foamsheet cut,out _in the
formof a striggg eﬁa%§¥8.§88n¥?EHF5 ﬁe%E? 5?81Pr§%§ ﬁégeﬁsgasag a sanple
d f

|
of atnPEFARPE BF2395eafl AORR IS 1o SouvEe e dCTi B AL “Fonduct od
by ST N9 Speel e 9" ALY ML SRR 1 TRNMI 2GLY 86, YR8 ALlie. -
the planarity of the wafer decreases, while when the hardness
is more than 65 degrees, the uniformity of the wafer tends to
decrease despite excellent planarity.
[0059]

A- polishing- surface of the polishing layer of the
polyurethane resin foam sheet, which comes into contact with
an object to be polished has a asperity structure provided for
retaining and refreshing a slurry. A polishing layer made of
a foam has a number of openings in the polishing surface, and
has a function of retaining and refreshing a slurry. By forming
an asperity strﬁcture on the polishing surface, it is possible
to conduct retention and refreshment of the slurry more
efficiently, and to prevent the object to be polishéd from
breaking due to adsorption of the material to be poiished. The
shape of the asperity structure is not particularly limited
insofar as it is able to retain and refresh a slurry, and for
example, XY grating groove, concentric ring groove,

through~hole, non-through-hole, polygonal column, circular

cylinder, spiral groove, eccentric ring groove, radial groove,
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(Measurenent of hardness) Measurenent i s conducted according to JIS
K6253-1997. A manuf actured pol yurethane resin foam sheet cut out in a size
of 2 cnmx2 cm (thickness: arbitrary) was used as a sanple for nmeasurenent of
hardness and left for 16 hours in an environnent of a tenperature of 232C
and a humdity of 50%% At the tine of neasurenent, sanples were stuck on
one another to a thickness of 6mmor nore. A hardness neter (Asker D

har dness neter, manufactured by Kobunshi Kei ki Co., Ltd.) was used to
nmeasur e haddnessbifj&07dh (tBealegdt | canofogpokeshicrg.chafbeser isstday)ity

Pol i shing characteristic was eval uated using the prepared polishing pad
wit h thestsecelir8BPGeASraal g habé erddguwhna CkayptlooMaed neyriomte Whrdey, Ltd.)
as a polishing apparatus. For neasurenent of thickness of an oxidized

menbr ane gradvientedfes greevhkiddpihaal reSS] Mea sl g vhRs e e atceradid abl e
from OTSUKA ELECTRONI CS Co., Ltd.) was used. As for polishing condition,

silica shupky (312 paulashured e Labetinw@snadded atrackhavntatsr of 150
m /mn during polishing. Polishing | oading was 1.5 psi, the nunber of

revol uti @Rg @k, the polishing platen was 120 rpm and the nunber of

revol utions of the wafer was 120 rpm Using a dresser (Type MLOO, Asabhi

Di anond |[I@(él¢§tl’i al Cb., Ltd.), the surface of the polishing | ayer was
dressed for 6 seconds at predeterm ned intervals under the conditions of

a dressing |oag gﬁﬁeggrglt%% m@tﬂgagg%r g%]ed%agg%git&e‘é@rﬁtcilt%@% g_fs 1% pm and

a nunber of plat evol utions o n addition, for

o5 e el A iy PSS PE PR ORERAE R AEROR R e SO oo
L/ S= 5gm_25 f d d i di.zed nh TE furth
deposi tge&%legﬂet %ngfa?“%c W ?%Iut 'qp?ﬁx'gsgétegt g{rﬁ l§[ asglﬁcq( rﬁsﬁg)alblsseep?%f gr.

Sgm Thl %re Ee%lérvn\@%e%()lsIigg?dtﬁen%erre];;[ahreataifoor{ ?n%%rf}ddog%dpouring a resin

into a mold having a predetermined surface shape, and allowing
the resin to harden, tlhe preparation method of pressing a resin
with a pressing plate having a predetermined surface shape, the
preparation method of using photolithography, the preparation
method using printing technigques, and the preparation method
based on laser beam using carbon dioxide gas laser or the like.
[0061] |

The thickness of the polishing layer is generally, but
is not limited to, about' 0.8 to 4 mm, and preferably 1.0 to 2.5
pm. |
[0062]

The range of the thickness of the polishing layer is
preferably 100 pum or les-s. When the range of the thickness is
higher than 100.um, large undulation is caused to generate

portions different in a contacting state with an object of
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pol i shing condition, and an abrasi on anmount of a bottom part of a 25gm
space was neasured at a gl obal step of 2000A or smaller, thereby, planarity
was assessed. As a value of an abrasion anount is smaller, planarity can be
said to be excellent. [0079] (Evaluation of Scratches) Four 8-inch
dummy wafers were polished Under the above conditions, and then a wafer
with a 10, 0. 00- At hi ckt her mal oxi de fil m deposited thereon was polished for 1
m nute under the above conditions. Subsequently, a defect evaluation system
manuf act pb@ejshyngLAtKascaavgeéemyaih@mué&ﬁﬁgcpasf’éhlmgs used to determne
how many scratches of 0.2 gmor nore were there on the polished wafer.

[ 0080] EéﬁHEb@térlstlcs Tor@ dEard i1Ql: Qs %%'oWeEﬁea@HﬁekAQQsp@Etﬁh@y wei ght
of an isocyanat e- t er m nat ed prepol yner (ADI PRENE L- 325, manufactured by

UNI ROYALR%E% @@r‘b‘l\%’hel Elﬁ:rfaégdoﬁ tﬁ’i@r f)él?é!h}{\ﬁ!ggfgyé)g i3 éféég&ge

surfacta (SH 192, ‘manufactured by Dow Cor ni ng Toray "Silicone Co., Ltd.)

and m xed, glgglﬂk nﬂtx’la% his tﬁghug nge tF EQ%SB%QC@}’ d @r%r %“Eﬁmﬁ@“ Fring

degassed: SEque e m x was " Vi gor ou stirre

bl ade at Qg%gf%gab}rﬁsew a&ganﬁdqﬁ&ﬁo%&;n&rgf?ggg%he JgMuLES Lpsuch a

manner tﬁaf es were |1 ncorpaora € reaction system To the

I d 2 b h f
Do et Ry TeRBRRE ISV 3% Fif ‘e%a’é% st e thee aaaasac%% L5°By 1 HARA
CHEM CAL | NDUSTRY. CO E %é %Ihad gee :£#EVIOUS| ed. at 120C, and
0.3 part& By %&J&esﬁ% B tl‘hge RSO ey CY 8 |1?¥% Ut ORbout 1

m nut e aES %Sﬁn poured into a nold (800mm w de, 1,300 nmlong, and 35 mm
hi gh) un P e liquid |l evel reached 33 mm Subsequently, the upper side of
the nold was covered with an upper |id having ten 3- nnﬂ% vent hol es, and
the nol d was chParfpBESAhSERMISS S W FES FePI Rfi §PAiXPare- weReheat ed at
60C to undergo a curing reaction, the side of the nold_was noved so that
the widt hSAIIne REEBORaRT it fhenPBD62AM ¢b ASOPRHESRENEhEAYERe when
the viscosity of the Iliquid mxture exceeded 10 Pa . s, and the resulting
st at e wabawanat & negedatiernined | gul gknese ur e Bwhiing s il upedyctetcess

| iquid m xture was discharged fromthe vent holes. Subsequently, the

m xture pasferably stepwise by using polishing sheets different. in

grain size.
[0064]

A polishing pad of the invention may also be a laminate
of a polishing layer and a cushion sheet adhered to each other.
[0065]

The cushion éheet (cushion layer) compensates for
characteristics of the polishing layer. The cushion layer is
requiredforsatisfyingbothplanarityandtudformitywhichare
jjlafradeoffrelationshipleCMP. Planarity refers to flatness
of a paﬁtern region upon polishing an object of polishing having
fine unevenness generated upon pattern formation, and
uniformity refers to the uniformity of the whole of an object

of polishing. Planarity is improved by the characteristics of
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subj ected to post-curing at 110C for 6 hours, so that a pol yurethane resin
f oam bl ock was obt ai ned. [0081] Usi ng a hand sawtype slicer

(manuf actured by Fecken-Kirfel GrbH & Co.), the pol yurethane resin foam

bl ock was sliced at an angle of 30 with respect to the plane of the block
as shown in Fig. 2, so that a pol yurethane resin foam sheet (0.83 in
specific gravity, 53 degrees in D hardness) was obtai ned. Subsequently,

usi ng a buffingmachi ne (manufactured by AM TEC Corporation), the surface of
t he sheetthesaspbuf flethgntliayedrt,s Wi tknessfoeadched ils 2¥mpmpved blyattlee sheet
wi th adjusted thickness accuracy was obtai ned. The buffing was perforned

usi ng fi ra @Rt Sandewchd d26n s apsasi M egrakhs oanbayéacissed by
RI KEN CORUNDUM CO., LTD.), then a belt sander with 240-nesh abrasive grains

(manuf actiyy ety J3KEN (PRMNPUM GRe drlddant anddiiiedd Vi o hedtesander with
400- nmesh labr asi ?)be grai ns (manufactur e%l{ by RIKEN CORUNDUM CO., LTD.). The

buf fed shegt was miamed dd o RP0rdyrdi ameter piece, and the surface of

the piece was subjected to 1.6-n0 puriching, so that a polishing sheet was
obt ai ned.[O% g a lam nator, a doubl e-si ded adhesi ve tape (DOUBLE TACK
TAPE, manufactured by SEKISU CHEM CAL CO. LTD.) was bonded to the opposite

surface of theﬁ%l i ShILH g lz%feh_(fjﬁgm hetggncg%ghgggf g%s&?e'lghe ﬁngrfI@&te of a

corona-treated cushion oraypef manufacture y Toray 1ndustries,

I nc., I hyl f Q. 8 [ ' .pyf h
put § b IR MG BaNba e T Ho L BF A B AhEG) TR Eap wueing a0 e

| am nator. A doubl -bsi.ded adhesi ve_t ape s further bgnged to thel ot her
side of CIRENATH SRtHSer Uil Ry & PRAVRELSF, PSBVPREE BaRoT TRt Hby 1 was

ot hod 84 HIER BEAC A EBACTIC BB B St e 1 7 BB BY S A D of 5.
wth respect Lo HESiQLﬁH$ géSEQeSBLgCESWgenChh%;%ﬁeugéﬁxggg%r§§%£hgoan1
sheet was-HRHSGHEFP po-Ly
impregnated with polyurethane, polymer resin foam such as
polyurethane foam and polyethylene foam, rubber resin such as
- butadiene rubber and isoprene rubber, and photosensitive resin.
[0067]

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

[0068]

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,

29



[ 0083] Exanple 3 A polishing pad was prepared by the sanme nethod as
in Exanpl e 1, except that the block was sliced at an angle of 45 with
respect to the plane of the block when the pol yurethane resin foam sheet
was formed. [0084] Conparative Exanple 1 A pol i shing pad was
prepared by the sane nethod as in Exanple 1, except that the bl ock was
sliced horizontally with respect to the plane of the bl ock when the
pol yur et hane resin foam sheet was formed. [0085] Conparative Exanple 2 A
pol i shi ngnpadrwascpbgpaseddhysihie sanehael hrd. asan nacrylic-based

adhesive is preferable because of less of a content of metal

ioﬁs, to which consideration is given. Since a polishing layer

and a cushion sheet is sémetimes different in composition from

each other, different.compositions are adopted in respective

adhesive layers of double sided tape to thereby also enable

adhesive forces of the respective adhesive layers to be adjusted

to proper values.

[0069]

A polishing pad of the invention may be provided with a

double sided tape on the surface of the pad adhered to a platen.

As the double sided tape, a tape of a common construction can

be used in which adhesive layers are, as described above,

provided on both surfaces of a.substrate. As the substrate,

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

used is a film as a substrate since separation from the platen

is necessary after the use of a polishing pad. As a composition

of an adhesive layer, for example, a rubber-based adhesive or

an acrylic-based adhesive is exemplified. Preferable is an

acrylic-based adhesive because of less of metal ioné in content

to which consideration is given.

[0070]

‘A semiconductor device is fabricated after operation in

a step of polishing a surface of a semiconductor wafer with a

polishing pad. The term, a semiconductor wafer, generally
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Exampl e 1, except that the block was sliced at an angle of 50 with respect
to the plane of the block when the pol yurethane resin foam sheet was
formed. [0086] Conparative Exanple 3 A ur et hane conposition with

di spersed air bubbles was prepared by the same nethod as in Exanple 1,
except that water was not added. The urethane conposition wth dispersed
air bubbles was poured into a nold (800 nmw de, 1,300 nun |ong, and 35 mMm
hi gh). Subsequently, the conposition was heated at 60C to undergo a curing
reacti onmebhe &@PASidr @B feason hén cdubjwect ety tretpdsand ar ngide 140 for 6
hours, so that a pol yurethane resin foam bl ock was obtai ned. Subsequently,

a polishizig padcwas. prepaigtinid hemsaae ivet hedimsosed Braapbel ish Ting
prepared pol yuret hane resin foam sheet had a specific gravity of 0.82 and a

D har dnegs +@fo P2 rd8 % &RScoh @08 r wakdatghespbiwahehy apparatus, and
polishing is .performed with a polishing apparatus equipped, as
shown in Fig. 1, with a polishing platen 2 supporting a polishing
pad (a polishing layer) 1, a polishing head 5 holding a
semiconductor wafer 4, abackingmaterial for applying a uniform
pressure against the wafer and a supply mechanismof 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 polishing platen 2 and the polishing head 5 are disposéd

~so that the polishing pad 1 and the semicbnductor wafer 4
supported or held by them oppositely face each other and
- provided with respective rotary shafts 6 and 7. A pressure
mechanism for pressing the semiconductor wafer 4 to the.
polishing pad 1 is installed on the polishing head 5 side.
During polishing, the semiconductor wafer 4 is polished by being
pressed against the p‘olishihg pad 1 while the polishing platen
2 and the polishing head 5 are rotated and a slurry is fed. No
specific limitation is placed. on a flow rate of the slurry, a
polishing load, a polishing platen rotation number and a wafer
rotation number, which are properly adjusted.
[0071]
Protrusions on the surface of the semiconductor wafer 4

are thereby removed and polished flatly. Thereafter, a

31



C 1

cor-I SZ TT A Abrasion anmount (A) 0091 OgST

semiconductor device is produced therefrom through dicing,
bonding, packaging etc. The semiconductor device is used in

an arithmetic processor, a memory etc.

Examples
[0072]

Description will be given of the invention with examples,
while the invention is not limited to description in the
examples. |
[0073]

[Measurement and evaluatioh methods]

(Measurement,of.Average major axis and average minor axis
of oval cells)-'

Usinganﬁcrotomecutter,thepreparedpolyurethaneresin
foam sheet was cut parallel to the long axes of oval cells into
a measurement sample. The section of each of the measurement
samples was photographed with a scénning electron microscope
(manufacturedby}ﬁjachiSéienquystemsCo.withanmdelnumber
of S-3500N) at a magnification of x 100. The major axis and
minor axis of each of oval cells in an arbitrary area were
measured with an image analyzing soft (manufactured by MITANI
Corp. with a trade name WIN-ROOF), and the average major axis
L,averagemihoraxisESandL/Swerecalculatedfromthen@asured

values.

[0074]
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(Determination of the percentage of the number of oval
cells each with a long axis inclined by 5° to 45° with respect
to the direction of the thickness of the sheet)

Using a microtome cutter, the prepared polyurethane resin
foam sheet was cut in the direction of its thickness into a
measurement sample. The cross-section (see Fig. 3) of the
measurement sample was photographed using a scanning electron
microscope (S-3500N, manufactured by Hitachi Science Systems,
Ltd.) at a magnification of 100 times. Subéequently, image
ahalysis software (WinROOF, manufactured by MITANI
CORPORATION) was used to count all cells and oval cells each
with a long axis inclined by 5° to 45° with respect to the
direction of the thickness of the sheet in a certain area, and
the ratio (%) of the number of the oval cells to the number of
all cells was calculated.

[0075]

(Measurement of specific gravity)

Determined according to JIS Z8807-1976. A manufactured
polyurethane resin foam sheet cut out in the form of a strip
of 4 crmx8.5 cm (thickness: arbitrary) was used as a sample for
measurement of specific gravity and left for 16 hours in an
environment of a temperature of 23%2°C and a humidity of 50%+5%.
Measurement was conducted by using a specific gravity
hydrometer (manufactured by Sartorius Co., Ltd).

[0076]
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(Measurement of hardness)

Measurement is conducted according to JIS K6253-1997. A
manufactured polyurethane resin foam sheet cut out in a size
of 2 cmx2 cm (thickness: arbitrary) was used as a sample for
measurement of hardness and left for 16 hours in an environment
of a temperature of 23+2°C and a humidity of 50%15%. At the
time of measurement, samples were stuck on one another to a
thickness of 6 mm or more. A hardness meter (Asker D hardness
meter, manufactured by Kobunshi Keiki Co., Ltd.) was used to
measure hardness.

[0077]

(Evaluation of polishing characterisfic)

Polishing characteristic was evaluated using the .
prepared polishing pad with the use of SPP600S (available from
OkamotoMachineToolWorks,Ltd.)aseapolishingapparatus. For -
measurement of thickness of an oxidized membrane, an
interference film thickness measuring instrument (available
from OTSUKA ELECTRONICS Co., Ltd.) was used. As for polishing
condition, silica slurry (SS12 manufactured by Cabot) waé added
at a flow rate of 150 ﬁl/min during polishing. Polishing
loading was 1.5 psi, the number of revolutions of the polishing
platen was 120 rpm, and the number of revolutions of thé wafer
was 120 rpm. Using a dresser (Type M100, Asahi Diamond
Industrial Co., Ltd.), the surface of the polishing layer was

dressed for 20 seconds at predetermined intervals under the

34



L

LI

UCODpi -p(0_co.Hi j f-i0 co R- ff:Ca)

conditions of a dressing load of 50 g/an, a number of dresser
revolutions of 15 rpm, and a number of platen revolutions of
30 rpm.

[0078]

In addition, for assessing planarity, a thermally
oxidized membrane was deposited 0.5um on a 8 inch silicon wafer,
patterning of L/S (line and space) = 25um/5 pym and L/S= 5um/25um
was performed, and an oxidized membrane (TEOS) was further
deposited lum to prepare a wafer with a pattern at an initial
step of 0.5um. This wafer was polished under the aforementioned
polishing condition)vand an abrasion amount of a bottom part
of a 25um space was measured at a global step of 20004 or smaller,
thereby, planarity was assessed. As a value of an abrasion
amount is smaller, planarity can be said to be excellent.
[0079] |

(Evaluation of Scratches)

Four 8-inch dummy wafers were polished under the above
conditions,andthen&awaferwithea1Q,000—Athickthermaloxide
film deposited thereon was polished for 1 minute under tﬁe above
conditions. Subsequently, a defect evaluation system
manufactured by KLA~-Tencor Corporation (Surfscan SP1l) was used
to determine how many scratches of 0.2 pm or more were there
on the polished wafer.

[0080]

Example 1
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To a reaction vessel were added 100 parts by weight of
an isocyanate-terminated prepolymer (ADIPRENE L-325,
manufactured by UNIROYAL CHEMICAL COMPANY, INC.) and 3 parts
by weight of a silicone surfactant (SH-192, manufactured by Dow
Corning Toray Silicone Co., Ltd.) and mixed. rThe mixture was
adjusted to 80°C, reduced in préssure, and degassed.
Subsequently, the mixture was vigorously stirred with a
stirring blade at a number of revolutions of 900 rpm for about
4 minutes in such a manner that air bubbles were incorporated
into the reaction system. To the resulting mixture were added
22 parts by weight of 4,4'—methylenebis(o—chldroaniline)
(IHARACUAMINE~-MT, manufactured by THARA CHEMICAL INDUSTRY CO.,
LTD.), which had been previously melted at 120°C, and 0.3 parts
by weight of water. The liquid mixture was stirred for about
1 minute and then poured into a mold (800 mm wide, 1,300 mm long,
énd 35 mm high) until the liquid level reached 33 mm;
Subsequently, the upper side of the mold was covered with an
upper 1lid having ten 3-mm¢ vent holes, and the mold was clamped.

Subsequently, while the liquid mixture was heated at 60°C to

undergo a curing reaction, the side of the mold was moved so
that the width of the mold was reduced from 800 mm to 700 mm,
at the time when the viscosity of the liquid mixture exceeded
10 Pa*s, and the resulting state was maintained until the liquid
mixture lost its fluidity. Excess liquid mixture was

discharged from the vent holes. Subsequently, the mixture was
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subjected to post-curing at 110°C for 6 hours, so that a
polyurethane resin foam block Was obtained.
[0081]

Using a hand saw-type slicer (manufactured by
Fecken-Kirfel GmbH & Co.), the polyurethane resin foam block
was sliced at an angle of 30° with respect to the plane of the
block as shown in Fig. 2, so that a polyurethane resin foam sheet
(0.83 in specific gravity, 53 degrees in D hardness) was
obtained. Subsequently, using a buffingmachine (manufactured
by AMITEC Corporation), the surface of the sheet was buffed
until its thickness reached 1.27 mm, so that a sheet with
adjusted thickness accuracy was obtained.r The buffing was
performed using first a belt sander with 120-mesh abrasive
grains (manufactured by RIKEN CORUNDUM CO., LTD.), then a belt
sander with 240-mesh abrasive grains (manufactured by RIKEN
CORUNDUM CO., LTD.), and finally a belt sander with 400-mesh
abrasive grains (manufactured by RIKEN CORUNDUM CO., LTD.).
The buffed sheet was stamped into a 600-mm diameter piece, and
the surface of the piece was subjected to 1.6-mm$ punching, so
that a polishing sheet was obtained. Using a laminator, a
double-sided adhesive tape (DOUBLE TACK TAPE, manufactured by
SEKISUI CHEMICAL CO. LTD.) Qas bonded to the opposite surface
of the polishing sheet from the punched surface. The surface

of a corona-treated cushion sheet (Toraypef manufactured by

Toray Industries, Inc., polyethylene foam, 0.8 um in thickness)
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was also buffed, and the buffed sheet was bonded to the
double-sided adhesive tape'using a laminator. A doublé—sided
adhesive tape was further bonded to the other side of the cushion
sheet using a laminator, so that a polishing pad was obtained.
[0082]

Example 2

A polishing pad was prepared by thevsame method as in
Example 1, except that the block was sliced at an angle of 5°
with respect to the plane of the block when the polyurethane
resin foam sheet was formed.
[0083]

Example 3

A polishing‘pad.was prepared by the same method as in

Example 1, except that the block was sliced at an angle of 45°

- with respect to the plane of the block when the polyurethane

resin foam sheet was formed.
[0084]

Comparative Example 1

A polishing pad was prepared by the same method as in
Example 1, except that the block was sliced horizontally with
respect to the plane of the block when the polyurethane resin
foam sheet was formed.
[0085]

Comparative Example 2

A polishing pad was prepared by the same method as in
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Example 1, except that the block was sliced at an angle of 50°
with respect to the plane of the block when the polyurethane
resin foam sheet was formed.
[0086]

Comparative Example 3

A urethane composition with dispersed air bubbles was
prepared by the same method as in Example 1, except that water
was not added. The urethane composition with dispersed air
bubbles was poured into a mold (800 mMLQide, 1,300 mm long, and
35 mm high). Subsequently, the composition was heated at 60°C
to undergo a curing reaction. The composition was then
subjected to post-curing at 110°C for 6 hours, so that a
polyurethane resin foam block was obtained. Subsequently, a
polishing pad was prepared by the same method as in Example 1.
The prepared polyurethane resin foam sheet had a specific

- gravity of 0.82 and a D hardness of 52 degrees.

[0087]

39



A polishing pad of the invention is
polishing with

nmet al

materials including a lens and a reflective

a glass substrate or an alum num substrate for a

capabl e of perform ng planarization naterials requiring a high surface
a silicon wafer,

planarity such as optical

mrror,

Conpar ative Exanple 1 Conparative Exanple 2 1 Conparative Exanple 3

| NDUSTRI AL APPLI CABI LI TY [ 0088]
hard di sk and a product of general
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stability and a high polishing efficiency. A polishing pad of the invention
is preferably enployed, especially, in a planarization step of a silicon
waf er or a device on which an oxide |layer or a netal |ayer has been forned
prior to further stacking an oxide |ayer or a nmetal |ayer thereon.
DESCRI PTI ON OF REFERENCE SI GNS [ 0089] In the draw ngs, reference
nunmeral 1 represents a polishing pad (polishing layer), 2 a polishing

pl aten, 3 a polishing agent .(slurry), 4 an object being polished

(sem condMNOUST REAL e APPIE CRABILIPEBT t (pol i shing head), 6 and 7 each a
rotating shaft, 8 a polyurethane resin foam bl ock, 9 a pol yurethane resin

f oam sheqtpgBd a | ong axis, 11 the direction of the thickness of the sheet,
12 oval cells, and 13 cutting sites. CLAIM 1. A polishing pad,

conprising a palhshisnihgyRid baving iovahtden ss eaglablid bf gd iy maics
inclined by 5 to 45 with respect to the direction of the thickness of the

pol i shi ng1l,a¥8% .75t ion maer THEs RRAGUSHiRG Had RCEOF £ g pllanelraicipshictwher ei n
the oval "cells have a ratio (L/S) of average long axis length L to average

short axig LEpgkhSnffedid150rtluding a Bendhthd@l kel Bg: PAE Gesdi ng to
claiml1l, whetein the ratio of the nunber of the oval cells to the nunber of

all cells g1 8bohaaste 0% glass sudbt % Bol hslingipash a6sotdhpg ddy cl aim
1, wherein e poli1shing gyer conprises a pol yurethane resin foam
a hard disk and a product of general metal polishing with
stability and a high polishing efficiency. A polishing pad of
the invention is preferably employed, especially, in a
planarization step of a silicon wafer or a device on which an

oxide layer or a metal layer has been formed prior to further

stacking an oxide layer or a metal layer thereon.

DESCRIPTION OF REFERENCE SIGNS
[0089]

In the dréwings, reference numeral 1 represents a
polishing pad (polishing layer), 2 a polishing platen, 3 a
polishing agent (slurry), 4 an object being polished
(semiconductor wafer), 5 a support (polishing head), 6 and 7
each a rotating shaft, 8 a polyurethane resin foam block, 9 a
polyurethane resin foam sheet, 10 a long axis, 11 the direction
of the thickness of the sheet, 12 oval cells, and 13 cutting

sites.
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5. A nethod for manufacturing a sem conductor device, conprising the step
of polishing a surface of a sem conductor wafer using the polishing pad
according to claiml.

CLAIMS

1. A polishing pad, comprising a polishing layer having
ovalcellseachwithealongaxisinclinedby5°to45°withrespéct

to the direction of the thickness of the polishing layer.

2. The polishing pad according to claim 1, wherein the
oval cells have a ratio (L/S) of average long axis length L to

average short axis length S of 1.1 to 3.

3. The polishing pad according to claim 1, wherein the
ratio of the number of the oval cells to the number of all cells

is at least 50%.

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

polishing layer comprises a polyurethane resin foam.
5. A method for manufacturing a semiconductor device,

comprising the step of polishing a surface of a semiconductor

wafer using the polishing pad according to claim 1.
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