DESCRI PTI ON POLI SH NG PAD, METHOD OF PRODUCI NG THE SAME AND METHOD OF
PRODUCI NG SEM CONDUCTOR DEVI CE BY USING THE SAME 5 Technical Field [0001]
The present invention relates to a polishing pad used for polishing a
material to be polished, a nethod of producing the polishing pad and a

met hod of producing a sem conductor device by using the polishing pad. Mre
10 particularly, it relates to a polishilng pad used for planarizing inter

| ayer dielectrics and the Iike by CW (chem cal nechanical polishing) in

t he manufacturing process of a sem conductor device, a nmethod of producing
t he polishing pad and a nethod of producing a sem conductor 15 device by
using the polishing pad. BackgroupdsArtprQ@@®2] Recently, in sem conductor
integrated circuits, the device size have been scale down and the

i ntegrati opoh28uIRE bRON MARHOVEOF PRGDUCING BHEC SAMENANDAMEISRID fcggui red.
In addition, the device structure has been conpl ex and three- dinensional.

The scal e gawBIBaRCDeERTABRBMBILRNBEVEYE! BY USTRICOMEEPmE M Cro processing

technique in the manufacturing process of a sem conductor device, 25
particularly high resolution in photolithography process 2 which transfer a
circuit pattern to photosensitive organic film (photo resist) coated on a

silicon wahgrynhRaiNeie1a

[00011 The present invention relates to a polishing pad
used for polishing a material to be polished, a method of

} producing the peclishing pad and a method of producing a
semiconductor device by using the polishing pad. More

16 particularly, it relates to a polishing pad used for

planarizing inter layer dielectrics and the like by CMP
{chemical mechanical polishing) in the manufacturing
process of a semiconducter device, a method of producing
the polishing pad and a method of producing a semiconductor

15 device by using the polishing pad.

Background Art
[0002] Recently, 1in semiconductor integrated circuits, the
device size have been scale down and the integration has
20 been improved, and micro preocessing has been reguired. In
addition, the device structure has been complex and three-
dimensicnal. The scale down has been accomplished by the
improvement of micro processing technique in the
manufacturing process of a semiconductor device,

25 particularly high resolution in photolithography process



phot ol i t hogr aphy process, techniques of exposure by using a |ight source of
shorter wavel engt h have been devel oped. A 5 nethod of conpensating the
deficiency of the depth of focus to assure the resolution w thout defocus
of a mcro pattern by reducing unevenness in the device structure as

possi ble has been attenpted. [0003] As a nethod of planarizing the
unevenness in the 10 device structure, the CWP nmethod, to which mrror
surface processing of a silicon wafer was appl i ed, has been used. An
apparatus for generally using in the CVW nethod is shown by reference to
Fig. 1. The CW apparatus used in the CVP nethod is provided wth a
polishing platen 2 for supporting 15 a polishing pad 1 and with a supporting
stand (pol Wehichg trRggd)e s of 6l rsiBfomE i @ et drticdio genbiet ot i sheah 4 (such
as a sem conductor wafer). The polishing platen 2 and the supporting stand
5 are arrafgén dpdltivhatestilse )paldssheed qrad sl @indrt heafmat eriat thee be pol i shed
4, both of which are 20 supported by them are opposed to each other, and

t he pol i sbhogopliathen ramth vt e csuppor thieuhrstqret arfe egrsdutatied usinde
capabl e of rotating around rotating shafts 6 and 7. The material to be

pol i shed 41liighst yekrer e PPt iWige lSdragtth Siad idedis Eavidiesi Wi th a
pressing nmechanismfor 25 pushing the material to be polished 4 onto the

pol i shing Fetpad bratdiRddde f P icdding {0f dndiatedhen Abf agbMes

(slurry) 3 -feeding nechanism8 is to feed an abrasive
to assure the resolution without defocus of a microc pattern

by reducing unevenness in the device structure as possible
has been attempted.
[0003] As a method of planarizing the unevenness in the

10 device structure, the CMP method, to which mirror surface
processing of a silicon wafer was applied, has been used.
An apparatus for generally using in the CMP method is shown
by reference to Fig. 1. The CMP apparatus used in the CMP
method is provided with a polishing platen 2 for supporting

15 a polishing pad 1 and with a suppcrting stand (polishing
head) 5 for supporting a material to be polished 4 (such as
a semiconductor wafer). The polishing platen 2 and the
supporting stand 5 are arranged such that the polished pad
1 and the material to be polished 4, both of which are

20 supported by them, are opposed to each other, and the
polishing platen and the supporting stand are constituted
to be capable of rotating around rotating shafts 6 and 7.
The material to be pclished 4 is stuck on the supporting
stand 5 which 1s provided with a pressing mechanism for

25 pushing the material to be polished 4 onto the polishing



- - . . i. . .
suspensi on having abrasive grains such as silica particles dispersed in an
al kali solution to the polishing pad 1 on 5 the polishing platen 2. In
addition, the CVWP apparatus conprises dresser having abrasive grains of
di anond el ectrodeposited or nmelt bonded thereon to dress the surface of
t he polishing pad (not indicated). [0004] As an exanple of the nethod, there
is a nethod of 10 dressing the polishing pad by dresser, rotating the
shafts 6 and 7, pushing the wafer 4 ontd the polishing pad 1 by the
pressi ng nmechani smwhile feeding an abrasive slurry fromthe abrasive
slurry-feeding nmechanism8 to the center portion of the polishing pad to
polishing the wafer. In 15 the CWP nethod, mcro scratches on the layer to
be polishegadsachtashehe imet erf payerstdire) e@idt dsndifcathed waf exrddiese
di spersion of the abrasive rate and poor uniformty of the abrasive anount
Wi thin the (safrage of -&esidlingomawdizeri st & i ol emBe20iy] G35 sive order to
restrain the formation of the mcro scratches, it is necessary that

abrasi ve d@@%ﬁ%stl@@l hﬂ%llln%jh'a%&a%@d/eaﬂjj:ﬂmmfaé het dresss-formed during

dressing of the polishing pad, inter layer dlelectrlcs abraS|ve dust of

the wafer andjusedq ahn a%hv%lﬁéa‘irﬂyso%%t(ﬁﬁ{ lectipel dé’o Ve, yests) are

di scharged to the 4 exterior of the polishing pa I'n the conventlonal CwP

appar at us, (e afnaslivg yasted $ di seharged fy, camd sl yoaracus

comprises dresser having abrasive grains of diamond

electrodeposited or melt bonded thereon to dress the
surface of the polishing pad (not indicated).
[0004] As an example of the methad, there is a method of

10 dressing the polishing pad by dresser, rotating the shafts
6 and 7, pushing the wafer 4 onto the polishing pad 1 by
the pressing mechanism while feeding an abrasive slurry
from the abrasive slurry-feeding mechanism B8 to the center
portion of the polishing pad to polishing the wafer. In

15 the CMP method, micro scratches on the layer to be polished
such as the inter layer dielectrics of the wafer, the
dispersion of the abrasive rate and poor uniformity of the
abrasive amount within the surface of a silicon wafer are
problem.

20 [0005] In order To restrain the formation ¢f the micro
scratches, it 1s necessary that abrasive dust of the
pclishing pad and diamond of the dresser formed during
dressing of the polishing pad, inter layer dielectrics,
abrasive dust of the wafer and used abrasive slurry

25 (collectively, abrasive waste) are discharged to the
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feeding the abrasive slurry to the center portion of the polishing pad in a
sufficient anount. In case of formng a 5 dressed | ayer on the polishing pad
by dressing and then polishing the wafer while feeding the abrasive slurry
descri bed above, the abrasive slurry is pushed out by centrifugal force
fromthe rotation of the polishing pad and by pushing the wafer onto the
polishing pad. Therefore, 10 the abrasive slurry is alnost discharged to the
exterior of the polishing pad w thout c@ncerning the polishing to consune
excess abrasive slurry, which is expensive. [0006] In order to dissolve the
probl ens, various attenpts have been nade in the polishing nethod to
i mprove the 15 abrasive properties of the material to be polished. Anbng
them ther @¥f8re Bedrf VA9 dusl sth d@nptzadi t L eShectonv eht 1grabve@dP f or
remai ni ng abrasive slurry on the polishing surface and discharging it.
[ 0007] | n JFarareselRattére MNoraD6470465ta pol dshihgrpad 290 conprivsdngl gr ooves
for flow ng abrasive forned in the inner portion and the outer portion of
t he surfaceesdditre throldlstd ngrpad, uamd o ptiue ateétyenfpporesnfof tkéai ning
the abrasive forned on the surface of the polishing pad other than the
portion thaioltihehigrqwes ar ea forhed; ¢t dischosed. I25cAse one eobathdgeat of
the polishing pad, the polishing pad 5 conprising lattice pattern groove
Iﬁrmecb in tdve LR erayRordn omansb 1 en peg i pheriay @ecssofgoinghenenr face of

e

polishing the wafer while feeding the abrasive slurry
described above, the abrasive slurry is pushed out by
centrifugal force from the rotation of the poclishing pad
and by pushing the wafer onto the polishing pad. Therefore,

10 the abrasive slurry is almost discharged to the exterior of
the peolishing pad without concerning the polishing to
consume excess abrasive slurry, which is expensive.
[0006] In order tco dissclve the problems, various attempts
have been made in the polishing method to improve the

15 abrasive properties of the material to be polished. Among
them, there have been various attempts with respect with
grooves for remaining abrasive slurry on the pelishing
surface and discharging it.
[0007] In Japanese Patent No. 2647046, a pclishing pad

20 comprising grecoves for flowing abrasive formed in the inner
pertion and the outer portion of the surface of the
polishing pad, and a plurality of pores for retaining the
abrasive formed on the surface of the polishing pad other
than the portion that the grooves are formed, 1is disclosed.

25 As one embodiment ¢of the polishing pad, the polishing pad
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pol i shing pad, and pores forned in a portion between center portion and the
peri pheral portion, is described in Fig. 1. 5 The pores are fornmed in broad
area at once by using punches arranged in aline or a fewlines. It is
difficult to form the pores by using a processing apparatus generally used
for that purpose. The technical effects of reducing the unusual retainnment
of the abrasive slurry based on the 10 bal ance between feedi ng and
di scharging the abrasive slurry are not5particularly di scl osed. The term
"unusual retainment” used herein neans that the retainnent of the abrasive
slurry is in largely non-uniformstate on the polishing surface of the
polishing pad, which has a bad 15 effect on polishing a material to be
pol i shed. FOD@SHsiAd)dpditdse Patdmtr iKokatowbidwead oM Nd1e 2497097 1998, a
pol i shing pad conprising grooves fornmed such that the groove shape
geonet ri cably thavi mgda thenteer ipheeedemantidmn off Hehgaolusfiay padihdt is
described to dissolve a problem 20 of transferring the groove shape to a
silicon waferlispriocessel tamddegrade fdwmani froranigordiyort hee tecoentedcidy of
concentric circular groove to the polishing pad. However, it is difficult
t o prevent pohe iabr asidve Hate ripHdra lcerndefi orporid afeafr ided waf erid r am
degrading. In addition, the 25 technical effects of reducing of the unusual
retai mment 1ofe @orldie At ayrvedliv rasedron dthehal angadatyaamdeedi ng

and di scharging the abrasive slurry are not particularly
arranged in a line or a few lines. It is difficult to form

the pores by using a processing apparatus generally used
for that purpose. The technical effects of reducing the
unusual retainment cof the abrasive slurry based on the

10 balance between feeding and discharging the abrasive slurry
are not particularly disclosed. The term "unusual
retainment" used herein means that the retainment of the
abrasive slurry is in largely non-uniform state on the
polishing surface of the polishing pad, which has a bad

15 effect on polishing a material to be polished.
{0008] In Japanese Patent Kokai Publication No. 249710/1998,
a peolishing pad comprising grooves formed such that the
groove shape geometrically having a center 1s eccentric to
the polishing pad. It is described to dissolve a proklenm

20 of transferring the groove shape tc a silicon wafer
preccessed to degrade the uniformity by the eccentricity of
concentric circular groove to the polishing pad. However,
it is difficult to prevent the abrasive rate in the center
portion of the wafer from degrading. 1In addition, the

25 technical effects of reducing of the unusual retainment of



di scl osed. [0009] In Japanese Patent Kokai Publication No. 70463/1999, 5 a
polishing pad conprising a first zone having plural concentric circular
grooves and a second zone having a second pitch. It is described that the
polishing pad has two zones having a different groove pitch to inprove the
uniformty of the polishing. However, the technical 10 effects of reducing
of the unusual retainnment of the abrasive slurry based on the bal ance
bet ween feeding and discharging the abr 8si ve slurry are not particularly
disclosed, and it is difficult to inprove the uniformty of the polishing.
15 [0010] In Japanese Patent Kokai Publication No. 198061/2000, a polishing
pad conprising plural |oop grooves and plural streamlined grooves is
di scl osed. U¢ e g5olviss il padased a0 attemt Bindo %%W%@Weg?e@b@@rol t he
flow of the abrasive slurry by formng the grooves into the stream 20 |ined
shape. Howewel diigchdyipg itdie redoyresl ve tslst py obfemot haart heu bbr hsi ve
slurry necessary to polishing flows out along the streamlined grooves. In
addi tion, tdiesdlected.cal effects of reducing of the unusual retainnment of
the abrasive slurry based on the bal ance between feeding and 25 di schargi ng
t he abrasi Vi@ialr riyn araparmdspardtiat Hdya’ PubbLdosesh wnd Thecpniéezmty of
the polishing is not sufficiently obtained.

5 a polishing pad comprising a first zone having plural

concentric circular grooves and a second zone having a
second pitch. It is described that the polishing pad has
two zones having a different groove pitch to improve the
uniformity of the polishing. However, the technical

10 effects of reducing of the unusual retainment of the
abrasive slurry based on the balance between feeding and
discharging the abrasive slurry are not particularly
disclosed, and it is difficult to improve the uniformity of
the polishing.

15 [0010] In Japanese Patent Kokai Publication No. 198061/2000,
a polishing pad comprising plural loop grooves and plural
stream-lined grooves 1s disclosed. In the polishing pad,
it is attempted to positively control the flow of the
abrasive slurry by forming the grooves into the stream-

20 lined shape. However, in the polishing pad, it is problem
that the abrasive slurry necessary to polishing flows out
along the stream-lined grooves. In addition, the technical
effects of reducing of the unusual retainment of the
abrasive slurry based on the balance between feeding and

25 discharging the abrasive slurry are not particularly
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[ 0011] In Japanese Patent Kokai Publication No. 224950/2002, a polishing
pad conprising grooves having arc shaped bottom 5 to prevent the abrasive
slurry fromstagnating. In the polishing pad, it is attenpted to control the
flow of the abrasive slurry snoothly by form ng the grooves into the arc
bottom shape. In the polishing pad, the shape of the groove and the surface
roughness thereof are considered. 10 However, it is different fromthe
present invention in view that the polishing surface material is round
graphite cast iron. In addition, it is different fromthe present

invention in view that the material to be polished is bare wafer or glass
substrate. Mreover, the unusual retainnment 15 of the abrasive slurry based
on the bal dftEChet e iectitfginaharai s¥hat gfif PRe18BLAYI V& BPlrry are not
di scussed in case of using porous material as the polishing |ayer as

descri bed i#ufhecpersbntobhventfion. [0012] I n Japanese Patent Kokai
Publ i cati on No. 9156/2004, 20 a polishing pad conprising grooves, of which
the i nner &W@ihtelhadapanestatetentighnkss Bibnotamdre NhanZ209pAY 26A2,t he
polishing surface. In the polishing pad, the surface roughness of the inner
surface of &heofisbveyisadonsideieting Fheosearsf hewingughnesbapkdt hetgpmove i s
obt ai ned for the 25 groove fornmed by cutting the polishing surface nateri al
or 8 bBolding ptevena tobdabtrishas beaenrfoindmf soayantaddi.ti anakhet est by
the present inventors that it is difficult for the

pclishing pad, it 1s attempted to control the flow of the

abrasive slurry smoothly by forming the grooves intc the
arc bottom shape. In the polishing pad, the shape of the
groove and the surface roughness therecf are considered.

10 However, it is different from the present invention in view
that the polishing surface material i1s round graphite cast
iron. In addition, it is different from the present
invention in view that the material tc be peclished is bare
wafer or glass substrate. Moreover, the unusual retainment

15 of the abrasive slurry based on the balance between feeding
and discharging the abrasive slurry are not discussed in
case of using porous material as the polishing layer as
described in the present invention.

[0012] In Japanese Patent Kokai Publication No. 9156/2004,

20 a pclishing pad comprising grooves, of which the inner
surface has a surface roughness of not more than 20 pm, on
the polishing surface. In the polishing pad, the surface
roughness of the inner surface of the groove is considered.
The surface roughness of the groove is cobtained for the

25 groove formed by cutting the polishing surface material or
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i nner surface of the groove to have the surface roughness of not nore than
20 umin case of formng the groove on the 5 pore material by the above
nmet hod. Therefore, a main object of the invention is the select of the
polishing |layer material rather than a nmethod of form ng grooves, which is
different fromthe present invention. In addition, the unusual retainnent of
the abrasive slurry based on the 10 balﬁnce bet ween feedi ng and di schargi ng
the abrasive slurry are not discussed ifi case of using porous naterial as
the polishing | ayer as described in the present invention. [0013] In order
to di ssolve the problens, a polishing pad for processing sem conductor
devi ce that concentric 15 circul ar_grooves having right-angle edge are
formed at tHEddppert ddye® purtd on bf hde Rpdovecand 8¥%v%n pRreeEEsPRYLt ool
are disclosed in Japanese Patent Kokai Publication Nos. 181649/2001 and
184730/ 200X esindya Thaefisrivie brovesst agthamchi nes @ bEbssl hgf ebolhand
nmet hod of processing for 20 formng concentric circular grooves or lattice
pattern grioover cusiEdeonductorgpodishihghpae tloe OMPLprecessghyesare
di scl osed in Japanese Patent Kokai Publication No. 11630/2002. [0014] In
t he poli shiafy rpad szl Osed 10 dapanesesPat Enfor@bniokae Pubbiveadnonhdlos.
181649/ 2001 and 184730/2002, it is 9 easy to control the flow of the
abrasive slporey reetewen tihe tldevilceveundaicedt o Deepetfbsbedz andihhe upper
surface of the

object of the invention is the select of the polishing

layer material rather than a method of forming grooves,
which i1s different from the present invention. In addition,
the unusual retainment of the abrasive siurry based on the

10 balance between feeding and discharging the abrasive slurry
are not discussed in case c¢f using porous material as the
polishing layer as described in the present invention.
[0013] In order to dissolve the preoblems, a polishing pad
for processing semiconductor device that concentric

15 circular grooves having right-angle edge are formed at the
upper edge portion of the groove and groove processing tool
are disclosed in Japanese Patent Kokail Publication Nos.
181649/2001 and 184730G/2002, and a fine groove processing
machine, processing tool and method of processing for

20 forming cecncentric circular grcoves or lattice pattern
groove on semiconductor polishing pad for CMP processing
are disclosed in Japanese Patent Kokal Publication No.
11630/2002.
[0014] In the pelishing pad disclosed in Japanese Patent

25 Kokai Publication Nos. 181649/2001 and 184730/2002, it is



pad by form ng concentric circular grooves having right- angle edges at the
upper corner portion in cross section 5 and adjusting the width, depth and
pitch of the groove to specified ranges, and it is expected that
hydroplaning is restrained and the soft nmetal surface of the device is
effectively planarized by the CMP processing nethod. However, the cross
section shape of the groove is not 10 stable, and the flowability of the
abrasive slurry varies every pad. Ther efore, stabl e abrasive properties are
not sufficiently obtained. [0015] In the polishing pad conprising fine
grooves formed by the groove processing tool disclosed in Japanese Patent
15 Kokai Publication No. 11630/2002, the cross section shape of the groove
is not statfasy & ePetiPbwelbe | Fi9worft hee abrasive slurky varvesnelBey pad.
Therefore, scratches are easily formed, and stabl e abrasive properties are
not sufficienidy st bdeaedio 20e[00l63hed ehe Bbeveprpetli shirigcpadidikel osed

i n Japanese Patent Kokai Publications Nos. 181649/2001, 184730/2002 and
11630/ 2002,pastides atrnhey coomeenpoiti onrcnlarogsoseesi bavohy theghgroove is
right-angle by specifying the shape of the cutting edge of the groove
processi ng drople d¢dmsebytithe su@bent tenptedptotiest tai nrbbe eecuivence of
dul l ed edge and 10 burr on the wall surface of the groove. Stable abrasive
propersies ai® aiusuiddg ctieathydoht adeedhoahy pytspeskf ¥hBggroove to

specified ranges, and it 1s expected that hydroplaning is
restrained and the soft metal surface of the device is
effectively planarized by the CMP processing method.
However, the cross section shape of the groove is not

10 stable, and the flowability of the abrasive slurry varies
every pad. Therefore, stable abrasive properties are nct
sufficiently obtained.
[0015] In the polishing pad comprising fine grooves formed
by the groove processing tool disclosed in Japanese Patent

i5 Kokai Publication No. 11630/2002, the cross section shape
of the groove is not stable, and the flowability of the
abrasive slurry varies every pad. Therefore, scratches are
easily formed, and stable abrasive properties are not
sufficiently obtained.

20 [0016] In the above polishing pad disclosed in Japanhese
Patent Kokai Publications Nos. 181649/2001, 184730/2002 and
11630/2002, edges at the corner portiocn in cross section of
the groove is right-angle by specifying the shape of the
cutting edge of the groove processing tool, thereby it is

25 attempted to restrain the occurrence of dulled edge and



the shape of the cutting edge of the groove processing tool. 5 Disclosure
of Invention (OBJECTS OF THE | NVENTI ON) [0017] A nmain object of the present
invention is to dissolve problens at the sane tine, such as the occurrence
of scratches, the non-uniformty or deterioration of the 10 abrasive rate,
the non-uniformty within wafer of the abrasive anount, the consunption of
excess abrasive slurry and the suitablel5etainnent of the abrasive slurry
between the material to be polished and“the polishing pad in a polishing
pad used for planarizing inter |ayer dielectrics 15 and the |i ke by CWP
(chem cal mechanical polishing) in the manufacturing process of a

sem conduct.or device, a nmethod _of producing the polishj ad and a met hod
of produci MfE @%ﬁﬁgﬁ %(ﬁu?ﬁﬁﬁ%éagygﬁgi%6O?H%°poFF@%E%ggﬁﬁa§lY801S] By
di ssolving the problens at the sane tinme, the 20 present_invention provides
a pol i shi nPTRRFUSKRP foFe M ansh § 21 aee R ht ¥roPhyeRedi enert P¥cSPEAUTIYRETI i ke
by CMP (chem cal mechanical polishing) in the manufacturing process of a
seniconduct%ﬁecﬁﬂ@R%,o%.%%@k@%ﬁ%ﬁn%r@%%%iﬁé thaegpoPVehPrgCpadiasdtacmet hod
of producing a sem conductor 25 device by using the polishing pad. 11

[ 0019] The polishing pad of the present invention is suitably used as a
polishing pad used for planarizing a material to be polished by CW
(chemzal rEcdEivswmte of Invention

{OBJECTS OF THE INVENTICN)
[0017] A main object of the present invention is to
dissolve problems at the same time, such as the occurrence
of scratches, the non-uniformity or deterioration of the

10 abrasive rate, the non-uniformity within wafer c¢f the
abrasive amount, the consumption of excess abrasive slurry
and the suitable retainment of the abrasive slurry between
the material tc be polished and the polishing pad in a
polishing pad used for planarizing inter layer dielectrics

15 and the like by CMP (chemical mechanical pclishing} in the
manufacturing process of a semiconductor device, a method
of producing the polishing pad and a methcd of producing a
semiconductor device by using the peolishing pad.
[0018] By dissolving the problems at the same time, the

20 present invention provides a polishing pad used for
planarizing inter layer dielectrics and the like by CMP
{chemical mechanical polishing) in the manufacturing
process of a semiconductor device, a method of producing
the polishing pad and a method of producing a semiconductor

25 device by using the polishing pad.
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polishing) in order to dissolve problens at the sane tinme, 5 such as the
occurrence of scratches, the non-uniformty or deterioration of the
abrasive rate, the non-uniformty wthin wafer of the abrasive anount, the
consunption of excess abrasive slurry and the suitable retai nment of the
abrasive slurry between the material to be polished and the 10 polishing
pad. In order to dissolve the problens at the sane tinme, the polishing pad
of the present invention is a polishingipad conprising grooves on a
polishing surface and formed froma foanmed pol yurethane, of which a
processed surface of the groove conprising a side surface and a 15 bottom
surface has a surface roughness Ra of not nore than 10. [0020] The present
i nventi on rl@04dt%s The @odemildariducidro £ vidfeerp ot drsthi ingy graldi @onps i si ng gr ooves
on a polishing surface and formed froma foaned pol yuret hane, wherein a 20
processed suriftad yofustehie agr eowe Iciatpmsipap arsidef surgaoear anth@ oot t om
surface has a surface roughness Ra of not nore than 10. [0021] In order to
put the presertriaivent iben daitiGredone CMRII tabirel qgraciectadnappl i cation, it is
preferable that the 25 processed surface of the groove have a surface
roughness RBa1izhiefg)l itr0 chdd0022]dilds@ingd heroerddi aenthe t hignPr eseat
invention relates to a sem conductor wafer polishing pad conprising a

5 such as the occurrence of scratches, the non-uniformity or

deterioration of the abrasive rate, the non-uniformity
within wafer of the abrasive amount, the consumption of
excess abrasive slurry and the suitable retainment of the
abrasive slurry between the material to be polished and the

10 polishing pad. 1In order to dissolve the problems at the
same time, the polishing pad of the present invention is a
polishing pad comprising grooves on a polishing surface and
formed from a foamed polyurethane, of which a processed
surface of the groove comprising a side surface and a

15 bottom surface has a surface roughness Ra of not more than
10.
[0020] The present invention relates to a semiconductor
wafer polishing pad comprising grooves on a polishing
surface and formed from a foamed pclyurethane, wherein a

20 processed surface of the grocove comprising a side surface
and a bottom surface has a surface roughness Ra of not more
than 10.
[0021] In order to put the present invention into a more
suitable practical application, it is preferable that the

25 processed surface of the groove have a surface roughness Ra
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polishing |ayer, wherein the polishing layer is forned from5 a porous
material, a polishing surface of the polishing |ayer has grooves, and at
| east one portion of the inner surface of the groove has a non-porous
surface. [0023] In order to put the present invention into a nore suitable
practical application, it is preferable that: 10 the non-porous surface have
a center line average roughness Ra of a Eoughness curve of 1.0 to 5.0 um
t he groove have a depth of 0.5 to 1.5 nn} t he polishing | ayer be forned
froma porous material having an average cell dianeter of 20 to 70 um 15
the wherein the polishing | ayer have a specific gravity of 0.5 to 1.0
g/ cnB; the oIi%higp | ayer have a conpressibility of 0.5 to 5.0% the
pol i shing P yér Rave a hardness of 45 to 65; 20 and the polishing pad
further conprise a cushion |ayer and the cushion | ayer have | ower hardness
than the pOPRLHi Ag Papdhey dinetyr thet Rt herdftv et hiehriesente s
invention relates 25 to a nmethod of producing a sem conductor wafer
pol i shing 3% apa@rdewpdusitifg a'sstadp Rofl ifdeHuhifesd «URY gl 18 35t epwi se
varying a feed speed and feed anpbunt of a groove processing tool to form
concent ri c Poilishliag dgrosres Wediaig: ridet amgl eshing layer is formed from

5 a porous material, a polishing surface of the polishing
layer has grooves, and at least one portion c¢f the inner
surface of the groove has a non-porous surface.

[0023] In order to put the present invention into a more
suitable practical application, it is preferable that:
10 the non-porcus surface have a center line average
roughness Ra of a roughness curve of 1.0 to 5.0 um;
the groove have a depth of 0.5 to 1.5 mm;
the polishing layer be formed from a porous
material having an averade cell diameter of 20 to 70 um;

15 the wherein the polishing layer have a specific
gravity of 0.5 to 1.0 g/cm’;

the pclishing layer have a compressibility of 0.5
to 5.0%;

the pclishing layer have a hardness of 45 to 65;

20 and

the polishing pad further ccmprise a cushion
layer and the cushion layer have lower hardness than the
pclishing layer.
[0024] In further embodiment, the present invention relates

25 to a method of producing a semiconductor wafer polishing
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sectional shape on the polishing surface. 5 [0025] In order to put the
present invention into a nore suitable practical application, it is
preferable that: the step of form ng the grooves conprise stopping the feed
of the groove processing tool for a certain tine at the position that the
groove processing tool reaches a 10 desired depth; the feed speed and feed
anount of a groove processing tool are stepwi se varied and increased in
order of precedence; and the polishing pad be formed froma foaned 15
pol yur et hane. [0026] In yet further enbodi nent, the present invention
relates to a method of producing a sem conductor device conprising a step
of polishing the surface of a sem conductor wafer by using the polishing pad
of the 20 Pwdes®mPiniave icoret 007 meehaihiecpbl ¢whi Heg dfy theeenseonduct or
wafer and the |I|ike by using the polishing pad of the present invent, it is
possi bl e t vadivssal \ve fmrasblarmedatantche esmmeantdume; stich @soovhenoresmidornity
or deterioration of the abrasive rate, 25 the non-uniformty wthin wafer of
t he abr asi wedcdnountf,o e dnderconisunpin onl ©f exeesss abtsasiy erst tanyland t he
suitable retainnent of the abrasive slurry between the material to be
pol i shed angdtiernal isstigw qadhansh poghigyl @it yadd. i s

5 [0025] In order to put the present invention intc a more
suitable practical application, it is preferable that:
the step of forming the grooves comprise stcopping
the feed cf the groove processing tool for a certain time
at the position that the groove processing tool reaches a
10 desired depth;
the feed speed and feed amount of a groove
processing tool are stepwise varied and increased in order
of precedence; and
the polishing pad be formed from a foamed
15 poclyurethane.
[0026] In yet further embodiment, the present invention
relates to a method of producing a semiconductor device
comprising a step of polishing the surface of a
semiconductor wafer by using the polishing pad of the
20 present invention.
[0027] In the polishing of the semiconductor wafer and the
like by using the polishing pad of the present invent, it
is possible to dissolve problems at the same time, such as
the non~uniformity or deterioration of the abrasive rate,

25 the non~uniformity within wafer of the abrasive amcunt, the
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effective to reduce the occurrence of scratches because the 5 polishing pad
has good bal ance between feeding and discharging the abrasive slurry during
polishing to reduce the unusual retainment of the abrasive slurry in the
grooves during polishing. Therefore, the polishing pad is effective to the
manuf acturi ng process of a sem conductor 10 device, such as CWP of a

sem conductor wafer. Brief Description of Drawi ngs [ 0028] The present
invention will beconme nore fully undersitéod fromthe detailed description
gi ven herei nbel ow and the acconpanyi ng drawi ng which is given by way of 15
illustration only, and thus are not limtative of the present invention,

and wherein: Fig. 1 is a schematic cross section illustrating a polishing
appar at us genenmip bl arsed farcaGP grocesse Flgrr asdatkehewmtabler oss
section illustrating 20 groove having rectangul ar cross section shape. Fig.

3 is a schemptd immgrossoSediae abrdd usd ralungy oseweshodheaenttotithetgr oove
formed on the polishing |layer of the polishing pad of the present

i nvention. Wd GoKidised Stdetrd ifo LligssSngesidpnahdi| pisttatingr125ithesgroove
fornmed on the polishing | ayer of the 15 conventional polishing pad. Fig. 5

i's an enl argefksehedratd Cr £ihags ahe | ddist FahE80o ONEc eabEHE BERECAfisthengut ti ng
edge of the
5 polishing pad has good balance between feeding and
discharging the abrasive slurry during pclishing to reduce
the unusual retainment of the abrasive slurry in the
grooves during polishing. Therefore, the peolishing pad is
effective tc the manufacturing process of a semiconductor
10 device, such as CMP of a semiconductor wafer.
Brief Description of Drawings
[0028] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawing which is given by way of
15 illustration only, and thus are not limitative of the
present invention, and wherein:

Fig. 1 1is a schematic cross section illustrating
a polishing apparatus generally used for CMP process.

Fig. 2 is a schematfic cross section illustrating

20 groove having rectangular cross section shape.

Fig. 3 is a schematic cross section illustrating
one embodiment of the groove formed on the polishing layer
of the polishing pad of the present invention.

Fig. 4 is a schematic cross section illustrating

25 the groove formed on the polishing layer of the
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groove processing tool used for the nethod of producing the 5 polishing pad
of the present invention [(a) front elevational view, (b) side elevational
view]. Fig. 6 is an enlarged schematic diagramillustrating the cutting
edge of the groove processing tool used for the nethod of producing the
conventional polishing 10 pad [(a) front el evational view (b) side
el evational view. Fig. 7 is an enlarged_schematic diagram of the corner
portion of the cutting edge of the groové5processing tool before and after
polishing illustrating the test method of the wear of the groove processing
tool. 15 [0029] (Description of notations) 1: Polishing pad 2: Polishing
platen 3. Abrasive slurry 4: Material to be polished 20 5: Supporting
stand 6, 7: QQﬁ%ﬁqqﬁPQﬁkﬁROk%SW%W%éFV% sl urry-feedi ng nmechani sm 10, 20:
G oove 11,21: Side surface of processed surface of groove 25 12,22: Bottom
surface of processed i f acel ofayropherdsd aghemepih @iagrabve 14: Wdth of
groove 15: Pitch of groove

illustrating one embodiment of the cutting edge of the

groove processing tool used for the method of producing the
5 polishing pad of the present invention [ (a) front
elevational view, (b) side elevational view].

Fig. 6 is an enlarged schematic diagram
illustrating the cutting edge of the groove processing tool
used for the method of producing the conventional polishing

10 pad [ta} front elevational view, {(b) side elevational view].

Fig. 7 is an enlarged schematic diagram of the
corner porticn of the cutting edge of the groove processing
tool before and after polishing illustrating the test
method of the wear of the groove processing tool.

15 [0029] (Description of notations)
1: Polishing pad
2: Polishing platen
3: Abrasive slurry
4: Material tc be polished
20 5: Suppoerting stand
6,7: Rotating shaft
8: Abrasive slurry-feeding mechanism
10,20: Groove
11,21: Side surface of processed surface of groove

25 12,22: Bottom surface of processed surface of groove
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23: Blister 5 Best Mode for Carrying Qut the Invention [0030] The polishing
pad of the present invention conprises grooves on a polishing surface and
formed froma foaned polyurethane, wherein a processed surface of the
groove conprising a side surface and a bottom surface has a 10 surface
roughness Ra of not nore than 10. In another enbodinent, the polishing pad
of the present invention conprises a polishing |ayer, wherein the polishing
| ayer is fornmed froma porous material,l& polishing surface of the
polishing |ayer has grooves, and at |east one portion of 15 the inner
surface of the groove has a non-porous surface. In addition, the nmethod of
produci ng the polishing pad of the present invention conprises a step of
mechani cal cutltSi:n@apthstedpuirsewarying a feed speed and feed anbunt of a
groove processing tool to formconcentric circular 20 grooves having
rect angl e sect ildnalwishtape fogrudwergpol i shing surface. The polishing pad of
the present invention and the nethod of producing the same will be
expl ai ned with1g:efranence t gadwracconpanying drawing in detail. Fig. 3 is
a schematic cross section illustrating one enbodi ment of 25 the groove
formed on the pg.i shiingdayer of the polishing 17 pad of the present
invention. Fig. 4 is a schematic cross section illustrating the groove

formed; on i Palddhing: daneyief dhe EVERL9RAby ol i shing pad. The

drawi ngs are
[0030] The polishing pad of the present invention comprises

grooves on a polishing surface and formed from a foamed
polyurethane, wherein a processed surface of the greoove
comprising a side surface and a bottom surface has a

10 surface roughness Ra of not mere than 10. In another
embodiment, the polishing pad of the present invention
comprises a polishing layer, wherein the polishing layer is
formed from a porous material, a polishing surface of the
polishing layer has grooves, and at least one porticon of

15 the inner surface of the groove has a non-porous surface.
In addition, the method of prcducing the polishing pad of
the present invention comprises a step of mechanical
cutting by stepwise varying a feed speed and feed amount of
a grogve processing tool to form concentric circular

20 grooves having rectangle sectional shape on the polishing
surface. The polishing pad of the present invention and
the method of producing the same will be explained with
reference to the accompanying drawing in detail. Fig. 3 is
a schematic cross section illustrating one embodiment of

25 the groove formed on the polishing layer of the polishing
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schematic cross sections illustrating the groove formed on 5 the polishing
| ayer of the polishing pad, and the size is not exactly shown. [0031] As
shown in Fig. 3, in the polishing pad of the present invention, it is
required for the processed surface of the groove conprising the side
surface 11 and bottom 10 surface 12 to have a surface roughness Ra of not
nore than 10, preferably 1 to 9, nore preferably 1 to S. Wen the surface
roughness Ra is larger than 10, the flowability of the abrasive slurry is
degraded, and cohesion thereof easily occurs or the clogging of abrasive
waste easily 15 occurs, which causes the formation of scratches. [0032] It
is desired that defects having a depth of not |ess than 100 pm (100 to 500
pm or burpadhad ngea drengirt iefve20Q qam (20051 04 100 pighatie- nOtchdse than 2
per one cross section in the groove in the polishing surface of the 20

pol i shing pagtafort he Ipresenti dgvent igbowherns tfed naibete ofo1 1 hiei ggf ects or
burrs are larger than 2, the flowability of the abrasive slurry is

degraded, angcohESitonR theresfti BASI I DAV Sy QFad he Bl O0g g of s abrasi ve
waste easily” occurs, which causes the formation of scratches. The nunber 25

of the defechAnd hurd- AL Jmasyed by abserving the groove 48-neHoss.
section of a sanple forned by dividing the polishing "pad Iinto five pieces
inth di ' j.qn, t t bear - i ng: . ab

'dgpt h%a;]‘a‘ Btglr%r gﬂc{]lg\‘;sltﬂnlg{?; 19U the DWbar; of ged ecl sy hayl ng; 1 be; above

not exactly shown.
[0031] As shown in Fig. 3, in the polishing pad of the
present invention, it is required for the processed surface
of the groove comprising the side surface 11 and bottom

10 surface 12 to have a surface roughness Ra of not mere than
10, preferably 1 to 9, more preferably 1 to 5. When the
surface roughness Ra is larger than 10, the flowability of
the abrasive slurry 1s degraded, and cohesicn thereof
easily occurs or the clogging of abrasive waste easily

15 occurs, which causes the formation of scratches.
[0032] It is desired that defects having a depth of not
less than 100 um (100 to 500 pm) or burrs having a length
of 200 pm (200 to 1000 uym) are not more than Z per one
cross section in the groove in the pclishing surface of the

20 polishing pad of the present invention. When the number of
the defects or burrs are larger than 2, the flowability of
the abrasive slurry is degraded, and cohesion thereof
easily occurs or the clogging of abrasive waste easily
occurs, which causes the formation of scratches. The number

25 of the defect and burr are measured by observing the groove
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the above length. 5 [0033] Fig. 5 is an enlarged schematic di agram
illustrating one enbodinment of the cutting edge of the groove processing
tool used for the method of producing the polishing pad of the present
invention. Fig. 6 is an enlarged schematic diagramillustrating the cutting
edge of the groove 10 processing tool used for the nethod of producing the
conventional polishing pad. As shown in Fig. 5, in the nethod of the
pol i shing pad of the present invention, the grooves are formed by
mechani cal cutting with the groove processing tool and the concentric
circul ar groove having 15 rectangl e sectional shape are fornmed on the
polishing surface. It is desired that the sectional shape of the cutting
edge of thempssove Pricgessi rg staoul ! usedrniat 1hedlwesitiod oie produshhgs t he
polishing pad of the present invention be rectangle without the side relief
angl e c inp2@ tieocdnwentdietals grooves pratiessidigrdoonl oshoowvcoumn i gne 6. When
t he groove processing tool having the side relief angle c is used, the
wi dt h of thengreaover fafiettd hisnmald e dhersveddpf 4@ GO0y enh T OEESSI Ng
tool (Fig. 4), and the non-uniformty of the retaining anmount of the
abrasive 251 Wdokd sSidmersuf ficiently obtai ned, which causes the non 19
uniformty and deterioration of the abrasive rate. In the side shape of the

cutting edgeympfaf kEel(jJerVl% RITPCASI kg L9 e BN 418 GLROVE] PEOEEESHANY t ool
havi ng the rake angle

one embodiment of the cutting edge of the groove processing

tocl used for the method of producing the polishing pad of
the present invention. Fig. 6 is an enlarged schematic
diagram illustrating the cutting edge of the grocove

10 processing toocl used for the method of producing the
conventional pclishing pad. As shown in Fig. 5, in the
method of the polishing pad of the present invention, the
grooves are formed by mechanical cutting with the groove
processing tool and the concentric circular groove having

15 rectangle sectional shape are formed on the polishing
surface. It is desired that the sectional shape of the
cutting edge of the groove processing tool used for the
method of producing the polishing pad of the present
invention be rectangle without the side relief angle ¢ in

20 the conventional groove processing tool shown in Fig. 6.
When the groove processing tocel having the side relief
angle ¢ is used, the width of the groove formed is small by
the wear of the groove processing tool (Fig. 4}, and the
non-uniformity of the retaining amount of the abrasive

25 slurry is not sufficiently obtained, which causes the non-
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d in the conventional groove processing tool shown in Fig. 5 6 is used, the
contact area of the groove processing tool wth the polishing surface to be
processed varies by the wear of the groove processing tool, and the desired
surface roughness Ra of the groove processed surface is not sufficiently
obtained (Fig. 4). Therefore, it is desired 10 for the groove processing
tool used for the nmethod of producing the polishing pad of the present
invention to have the cutting edge shap&®w thout the side relief angle c
and the rake angle d as shown in Fig. S. [0034] In the nethod of producing
the polishing pad of the 15 present invention, it is required to
mechanically cut while stepwi se varying a feed speed and feed anount of a
groove proeédsirng toeind Tied exgradiatg Orstadpviitse akarad g mffeed Irspded and
feed anobunt of a groove processing tool used herein refers to stepw se vary
the feed speed ahdrkeed 20carmurtirwhiddyd arfmtige one>wofe qoanoerdgingy ci rcul ar
grooves. The value of the feed speed and the |ike at every step may be
i ncreased itacar,deihcof tphieeeadence prdecysaased tigvorderirnf tipy ecadenneyl or
i ncreased or decreased. The tine at every step may be the sane or
different. £25 @335lconlvers ides Ir eff dore the deadi speash of sk oQverig.
------------ 20 processing tool to be within the range of 0.01 to 0.10

n mn,s preferablysdd, 0k Heo fi&idd Mrba Y e ef @@ Yo b @ssing tool

with the polishing surface to be processed varies by the
wear of the groove processing tool, and the desired surface
roughness Ra of the groove processed surface is not
sufficiently obtained (Fig. 4). Therefore, it is desired

10 for the groove processing tocl used for the method of
preducing the polishing pad of the present invention to
nave the cutting edge shape without the side relief angle ¢
and the rake angle d as shown in Fig. 5.
[0034] In the method of producing the polishing pad of the

15 present invention, it i1s required to mechanically cut while
stepwlise varying a feed speed and feed amount of a groove
processing tool. The wording "stepwise varying" a feed
speed and feed amount of a groove processing tool used
herein refers to stepwise vary the feed speed and feed

20 amount while forming cne of cencentric circular grooves.
The value of the feed speed and the like at every step may
be increased in order of precedence, decreased in order of
precedence, or increased or decreased. The time at every
step may be the same or different.

25 [0035] It is desired for the feed speed of a groove
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to 0.05 mmn and to be varied at 1 to 2 steps, preferably 2 to 3 steps,
nore preferably 2 to 5 steps while formng 5 one of concentric circul ar
grooves. Wien the feed speed is snaller than 0.01 nimn, the processing
time is increased and the wear of the groove processing tool is
accelerated. On the other hand, when the feed speed is larger than 0.10
m mn, the occurrence of the burr is incgﬁased, the load 10 applied to the
groove processing tool is increased and e groove shape is not stable.
[ 0036] When form ng the groove at a constant |ow feed speed, the wear of
t he groove processing tool is large and the processing tinme is increased.
Therefore, it is desired.15 that the fe speed is increased in order of
pr ecedencePTPReEGd G &7CLi £ $EI&E; ?EST% e % Oogenoa Y e ot SHopping the
feed of the groove processing tool, that is, atime that the feed speed is
zero at th8/Pésit PsFLSEadcM-Hg e O -Hodverighodkds my ¢ 012ty theldeepest
portion, that is, the 20 desired groove depth. It is desired for the tinme of
st oppi ng t & Pedd &Y mifme egrdodite b5y deesisichgt dolta & e ers + Hige favealyldhge of
0.5 to 5 seconds, preferably 1.0 to 3.0 seconds. Wien the tinme is |onger
than 5 secénds, 3t s emsar mogfe tdre fgrodvley pr deessiTigenoothilse | argeingn t he
ot her hand, 25 when the tine is shorter than 0.5 seconds, it is difficult 21
t o maidnt ai enehe fstablcergnoiay & istape ant cwrdace Wtat eche [003Y]sddwd fieed
anount of the groove processing tool is

smaller than 0.01 m/min, the processing time 1s increased

and the wear of the groove processing tool is accelerated.
On the other hand, when the feed speed is larger than 0.10
m/min, the occurrence of the burr is increased, the load

10 applied tc the groove processing tocl is increased and the
groove shape 1s not stable.
[0036] When fecrming the groove at a constant low feed speed,
the wear of the groove processing tool 1s large and the
processing time is increased. Therefore, 1t is desired

15 that the feed speed is increased in order of precedence.
In addition, it is desired that there be a time of stopping
the feed of the groove processing tecoel, that is, a time
that the feed speed is zero at the position c¢f reaching the
groove processing tool to the deepest portion, that is, the

20 desired groove depth. It is desired for the time of
stopping the feed of the groove processing tool to be
within the range of 0.5 to 5 seconds, preferably 1.0 to 3.0
seconds. When the time 1s longer than 5 seconds, the wear
of the groove processing tool is large. On the other hand,

25 when the time is shorter than 0.5 seconds, it is difficult
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stepwi se varied by stepw se varying the feed speed as described above. In
addition, it is desired to stepwise 5 vary the total feed anount of the
groove processing tool, which varies depending on the desired groove depth,
as the sane as the feed speed. [0038] As described above, in the nmethod of
produci ng the polishing pad of the present invention, the processed 10
surface of the groove can have Iom/surfage roughness Ra of not nore than 10
and the burr fornmed on the surface of the” polishing pad by the groove
processing is reduced to form concentric circular grooves having the
desired rectangle sectional shape When t he roughness Ra of the processed

15 surface of the roov r the fI wability of the braS|ve slurry
and abrasi V€ WEstd g f%Mﬂ t R TDS d “Scrat ches as
descri bed above. As mn |n Fig. 3, the burr formed on the surface of the

pol i shing p&&3\ &h@oxﬁ@e& @@@é%itngvﬁ Shedral e PRI 2D Gobves having
ri ght-angl e edge at the per edge portion of the groove using the nethod
of produci ﬁ&%@sﬁol"iaﬁh%@g byp&d st itSe priesert ﬁfrﬁ/eﬁgﬁ@%nsp@ﬁ?ﬁa@%h tion, the
angle Dbetween the side surface 11 and bottom surface 12 is right- angle,
and it is pessimgloed gbstvgbl y Froraddite qroovest hald higr xb pr ezigewiset angl e
sectional shape. Therefore, in the 22 polishing pad obtained by the nethod
of prdduci ngmyhehepdlatshi Mpsphdingfurtthes prigdsendroamem i oress heg shape, of t he
which varies depending on the desired groove depth, as the
same as the feed speed.
[0038) As described above, in the method of producing the
polishing pad of the present invention, the processed
10 surface cf the groove can have low surface roughness Ra of
not more than 10 and the burr formed on the surface of the
polishing pad by the groove processing is reduced to form
concentric circular grooves having the desired rectangle
sectional shape. When the roughness Ra of the processed
15 surface of the groove is large, the flowability of the
abrasive slurry and abrasive waste is degraded, which
causes the formation of scratches as described above. As
shown in Fig. 3, the burr formed on the surface of the
polishing pad by groove processing is reduced to obtain
20 grooves having right-angle edge at the upper edge portion
0of the groove using the method of producing the polishing
pad of the present invention. In addition, the angle
between the side surface 11 and bottom surface 12 is right-

angle, and it is possible to stably form the grooves having

25 precise rectangle sectional shape. Therefore, in the
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groove forned on the polishing surface is stable, and the retaining anount
of the abrasive slurry is stable. 5 Therefore, the problens, such as the
non-uniformty or deterioration of the abrasive rate, the non-uniformty

wi thin wafer of the abrasive anbunt and the consunption of excess abrasive
slurry, are dissolved. In addition, the suitable retainment of the abrasive
slurry between the 10 nmaterial to be polished and the polishing pad can be
obtai ned. [0039] In the polishing pad of “fhe present invention, the wdth,
depth and pitch of the groove are not limted as |ong as the grooves having
preci se rectangl e sectional 15 shape are stably fornmed, but the groove may
have a width of 0.2 to 5.0 nm a depth of 0.2 to 4.0 nn1and a pitch of 0.5
to 6.0 nm Rﬂﬁ%ﬁh%ﬁg/Hﬁﬁsﬁﬁ@%&ﬂ@dé@!é%@%dm¢?%%@t%é pangesingeplerdi ng on the
material to be polished, the method of polishing and polishing condition.

In the pr eswntl SO e | o, théhed ooroeht ki cert el akhgr oowee prefleably have
the same width, the sane depth and the sane pitch, respectively. In case of
usi ng suchqnﬁd%ﬁﬂﬁqrmﬁﬂLonttﬁg pehsyhtng cont fatet he abahdeveandt eheand it
is convenient during producing the polishing pad. 25 [0040] The polishing
pad of the wprtesiening nueninom hayhdealar 281 vei agherlayer edapodki shi ng pad,

whi ch has been conventionally wused, or a | am nated polishing pad conprising
at | east tWherefore, the problems, such as the non-uniformity or

deterioration of the abrasive rate, the non-uniformity
within wafer ¢f the abrasive amount and the consumption of
excess abrasive slurry, are dissolved. In addition, the
suitable retairment of the abrasive slurry between the

10 material to be pclished and the polishing pad can be
obtained.
[0039] In the polishing pad c¢f the present invention, the
width, depth and pitch of the groove are not limited as
long as the grooves having precise rectangle sectional

15 shape are stably formed, but the grcove may have a width of
0.2 te 5.0 mm, a depth of 0.2 to 4.0 mm and a pitch of 0.5
to 6.0 mm, which may be suitably selected from the ranges
depending on the material to be polished, the method of
polishing and polishing condition. In the present

20 invention, the concentric circular grooves preferably have
the same width, the same depth and the same pitch,
respectively. In case of using such polishing pad, it is
easy toc control the abrasive rate, and it is convenient
during producing the polishing pad.

25 [0040]) The polishing pad of the present invention may be a
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| ayers of polishing |layer (hard surface layer) contact wth the material to
be polished, such as a sem conductor wafer 5 and an cushion |ayer (elastic
supporting layer) positioned between the polishing |ayer and a polishing
platen, or a nulti-layered polishing pad. [0041] In the | am nated polishing
pad, the polishing |layer and cushion |ayer are separately fornmed. It is
desired for 10 the polishing layer to h%¥e a hardness of 45 to 65. Wen the
har dness of the polishing layer is |ower<than 45, the planarity of the
material to be polished is degraded. On the other hand, when the hardness
of the polishing layer is higher than 65, the planarity is good, but the
uniformty 15 of the material to be polished is degraded. The hardness of
the pol i shiSig9i&yer ¥fde dressddrdd e s i1 has -corgoemt 9fez bt er i al
for the polishing |ayer was cut into a size of 2 cmx 2 cm (a proper
t hi ckness) V&€ $andl € Foma irshaad i e Pad dpeest 1 the 5ampt etwas | ef t
at a 20 tenperature of 23C2C and hum dity of 50% 5% for 16 hours. The
har dness oflaves palfi sivilngH iayverl aygsr ndasu esibieosi yer) stackaof wiheh
sanpl es having a thickness of not less than 6 mmw th a hardness neter
(Asker D hardness aretzr tmarmd actlurdddy Kobtunshia Kedkic@odyctdd. yafdt is
desired 25 for the cushion |ayer to have a hardness of 25 to 100, 24
pref erf@abl y a3 tam &ushEher Handness lofst he cushh oni d@ayes vavas poeasusesdw th a
har dness neter (Asker A hardness neter

between the polishing layer and a polishing platen, or a

multi-layered polishing pad.
[0041] In the laminated polishing pad, the polishing layer
and cushion layer are separately formed. It is desired for

10 the polishing layer to have a hardness of 45 to 65. When
the hardness of the polishing layer is lower than 45, the
planarity of the material to be polished is degraded. On
the other hand, when the hardness of the polishing layer is
higher than 65, the planarity 1s good, but the uniformity

15 of the material to be polished is degraded. The hardness
of the polishing layer was measured according to JIS K6253~
19987. The material for the peolishing layer was cut into a
size of 2 cm x 2 cm (a proper thickness) as a sample for
measuring the hardness, and the sample was left at a

20 temperature of 23°C+2°C and humidity of 50%%5% for 16 hours.
The hardness of the polishing layer was measured by using a
stack of the samples having a thickness of not less than 6
mm with a hardness meter {(Asker D hardness meter
manufactured by Kobunshi Keiki Coc., Ltd.). Tt is desired

25 for the cushion layer to have a hardness of 25 to 100,
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manuf act ured by Kobunshi Kei ki Co., Ltd.) according to JIS K6253-1997. It
is desired for the polishing layer to have 5 a thickness of 0.2 to 4.0 mm
preferably 0.8 to 3.0 mm it is desired for the cushion |layer to have a
thickness of 0.5 to 2.5 mm preferably 1.0 to 2.0 mm [0042] In the
singl e-1ayered polishing pad, the thickness is 1.0 to 5.0 mmand the
material thereof may be suitably 10 selegted and used fromthe materi al
used for the polishing |ayer and cushion layer. [0043] In the |am nated
polishing pad, a material for the polishing layer is not limted as |ong as
it satisfies the above hardness range, but the polishing layer is

preferably _ 15 for.ned om perous. . material. Exa s of the porous materials
i ncl ude, f&?r%§%ﬁ%ﬁﬁy %@I@%rg§han%h?e%?ﬁaheﬁﬁl9%2%5? ?ggﬁﬁ?npg?ygﬁiﬁgsresin,
acrylic resin, ol ycarbonate resin, hal ogep-pased resin (such_as pol yvinyl
Chl ot de. < pHTHeRTAIT LG ot KT ERES S AHA_BoT SOF ROT | Beher et FUTFFAL) | ehoxy
resin, photosensitive resin and the |like, The porous material nmay_be used
al one, but T PRT oSS Ry FPRINFRY Bellisedor n ebfbl naEFBRIWPENTEE YL east one
of the other gorous material. [0044] In the present invention, particularly

preferred %6225 33fed pol yureehanedr é8Frnths PRELARLBEI ARYESEr TPhB2FSBI i shi ng

-- | 25 layer, because the pol yurethane resin has excell ent wear
5 a thickness of 0.2 to 4.0 mm, preferably 0.8 to 3.0 mm. It

is desired for the cushion layer tc have a thickness of 0.5
to 2.5 mm, preferably 1.0 to 2.0 mm.
[0042] In the single-layered polishing pad, the thickness
is 1.0 to 5.0 mm and the material thereof may be suitably
10 selected and used from the material used for the polishing
layer and cushion layer.
{0043]) In the laminated pclishing pad, a material for the
pclishing layer is not limited as long as it satisfies the
above hardness range, but the polishing layer is preferably
15 formed from porous material. Examples cf the porous
materials include, for example, polyurethane resin,
polyester resin, polyamide resin, acrylic resin,
polycarbonate resin, halogen-based resin (such as polyvinyl
chloride, polytetraflucrcethylene, and polyvinylidene
20 fluoride), epoxy resin, photosensitive resin and the like.
The porous material may be used alone, but the porous
material may be used in combination with at least one of
the other porous material.
[0044] In the present invention, particularly preferred is

25 foamed polyurethane resin as the material for the polishing



|

resi stance and pol yner having a desired physical properties can be easily
obt ai ned by varying a conposition of raw material. 5 [0045] A nethod of
foam ng the polyurethane resin is not |imted, but includes chem cal

foam ng nethod using a foam ng agent, nechanical foam ng nethod, a nethod
of adding hollow mcro beads or precursor formng hollow mcro beads by
heating, or conbinations thereof. Mcro heamused 10 for the polishing pad
of the present invention is formed by the foam ng nethod. [0046] The

pol yur et hane resin conprises isocyanate- term nated urethane prepol ymer and
chai n extender. The isocyanate term nated urethane prepol ynmer conprises 15
pol yi socya h ol r ght

ol vor . 00 Es s %%ﬁ.ﬂ?@%%ﬁ@@énaﬁ??%g%he%?%?%{l@ wg%h ed,

i ncl ude 2 4- and/ or 2 6 dii % ato t ol ueg or .

4 4 i | SocYETLY raffephaerh%%f 175750 5ﬁfﬁsﬁeﬂaifaw%c%ﬂa% 188 and
n}phenylene di i socyanate, . diper dIISOC anat e, | ene diisocyanate,

di phenyl - 4,41 ?ﬁl%%%&%%afgtaﬁn%g BRdVary! P@t?aﬁ%@ﬁ9¥%§F98eﬁg 8f'socyanat e,
tetramet hyl ene dii socyanate, 1, 6-hexanethylene diisocyanate,
dodecanethym%ﬁ%rH@}socyanate cyclohexane |,3- and 1,4 25 diisocyanate,

1-i socyanat o- 3-i socyanatonet hyl -3,5,5 26 trlnethylcyclohexane (= 1 sophorone
d||soc§anatéQ04%]sA(MEthOd of foamlng the polyurethane resin is not

limited, but includes chemical foaming method using a
foaming agent, mechanical foaming method, a method of
adding hollow micrce beads or precursor forming hollow micro
beads by heating, or combinations thereof. Micro foam used

1C for the polishing pad of the present invention is formed by
the foaming method.
[0046] The polyurethane resin comprises isocyanate-
terminated urethane prepolymer and chain extender. The
isccyanate-terminated urethane prepolymer comprises

13 polyisocyanate, low molecular welght polyel and high
molecular weight pclyol.
[0047] Examples of the polyisccyanates, which are not
limited, include 2,4~ and/or 2,6- diisocyanato toluene,
2,2'-, 2,4'- and/or 4,4'-diisocyanato diphenylmethane, 1,5-

20 naphthalene diisocyanate, p- and m-phenylene diisocyanate,
dimeryl diisocyanate, xylylene diisocyanate, diphenyl-4,4'-
diisocyanate, 1,3- and 1,4-tetramethylxylydene diisocyanate,
tetramethylene diisocyanate, 1, 6-hexamethylene diisocyanate,
dodecamethylene diisocyanate, cyclohexane-1,3- and 1,4-

25 diisocyanate, l-isccyanato-3-isocyanatomethyl-3,5,5-



i socyanat ocycl ohexyl) methane (= hydrogenated MDI), 2- and

4-i socyanat ocycl ohexyl - 2' -i socyanat ocycl ohexyl net hane, 1, 3- and

1, 4- bi s- (i socyanat onet hyl ) - cycl ohexane, bis-(4 5

i socyanat o- 3- net hyl cycl ohexyl ) net hane and the |ike. These may be used al one
or in conbination of two or nore thereof. The polyisocyanate may be
suitably sel ected depending on the desir%d pot-life during casting and
nol di ng. [0048] Exanpl es of the high nnlgcular wei ght polyols 10 incl ude
hydr oxy-term nat ed pol yester, polycarbonate, polyester carbonate,

pol yet her, polyether carbonate, polyesteram de and the like. Preferred are

pol yet her and polycarbanate in view of good hydrol ysis resistance, and
preferred i ﬁﬁ%%ﬁ% réié$%ﬁ%ﬁﬁo#‘cﬁ??pgﬂﬂoﬁ%l l%?éE%@?? ?S’lglﬁxéﬂples of
the pol yether polyols include reaction products of starting coppound having
a reacti ve RIS UGB LKy Ene 6?i@¥?r%ﬂ%ﬂ35§de¥H$Pen%"oipﬁe,
propyl ene oxide, butylene oxide styrene oxi de, tetrahydrofuran,
epi chl or ohydiHi SPCHNaHROGNF & oY 1 hesel aPRYARABCEYE deBex 3oMEkBABRes 0Bt he
starting conpounds having a reactive hydrogen atominclude water, bisphenol
and divaleﬁﬁ“élb(ﬁﬂﬂlsftWSQﬁE§Qﬁ¢®@ﬁbe¥és@é¢lQbﬁyénedebéEr&éd | ater. [0049]
Exanpl es of pol ycarbonates having a hydroxy group include reaction products
of diobs, siehcwsnd;@-priopanedtptioh@syl)deboenaedindl the, 6ikexan&deoek,
di et hyl ene glycol, 27 polyethylene glycol, polypropyl ene glycol and/or
may be used alone or in combination of twoe or mcre thereof.
The polyisocyanate may be suitably selected depending on
the desired pot-life during casting and molding.
[0048] Examples of the high molecular weight polyols
10 include hydroxy-terminated polyester, polycarbonate,
polyester carbonate, polyether, polyether carbonate,
polyesteramide and the like. Preferred are polyether and
polycarbonate in view of good hydrolysis resistance, and
preferred is polyether in view of cost and melt viscosity.
15 Examples of the polyether polyols include reaction products
of starting compound having a reactive hydrogen atom with
alkvlene oxide, such as ethylene oxide, propylene oxide,
butylene oxide, styrene oxide, tetrahydrofuran,
epichlorohydrin, or mixtures of these alkylene oxides.
20 Examples of the starting ccompounds having a reactive
hydrogen atom include water, bisphencl and divalent alcchol
for preparing polyester polyol described later.
[0049] Examples of polycarbonates having a hydroxy group

include reaction products of diols, such as 1,3-propanediol,

25 1,4-butanediol, 1,6-~hexanediol, diethylene glycol,
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. Rty 1
pol yt etranet hyl ene gl ycol, with phosgene, diallyl carbonate (such as
di phenyl carbonate) or cyclic carbonate (propylene carbonate). Exanples of
pol yester polyols include reaction 5 products of divalent alcohol with
di basi c dicarboxylic acid, but it is desired to have |arger distance
bet ween ester bonds in order to inprove hydrolysis resistance. It is
preferable that both the dival ent al cohol~and dibasic dicarboxylic acid
have | onger chain conponent. 10 [0050] Exanpl es of dival ent al cohols, which
are not limted, include ethylene glycol, 1,3- and 1,2-propy|ene gl ycol,
1,4- and 1, 3- and 2, 3-butyl ene glycol, 1,6-hexane glycol, 1,8-octane

I |, I

%,Z?gis-?ﬁ %g} négﬁxfo(%§%¥§¥ Q§%€ﬂ§§$ﬁg%£ﬁ$ élgci% propanedlol

3-net hyl - 1, t di 2, 4t t d th

et A Tl e P Sl
i bu ene

qctds” i o WG S T YA Tohatt o) bt EOGRAFEr TREPSYEEYE 1 s

di basi ¢ di carhoxylic acid, but referred is aliphatic or cloaliphatic

di basi ¢ di &t T Fd"%’%]a e°t tPP $YeF BB Pgayehatlrﬁéuﬁe tftrhg°Nco

terﬁfh;teh p586§§1neraf' qurd or Iom/nel? LISCOSIty | f arznatlcbdlba5|c

25 di car box®i s %&ﬁcpfsd%b%1¢%6 aleonelpyatlrdbPaste dsearRos8ligoAbHAati on

with aliphatic or cycloaliphatic dibasic
but it 15 desired to have larger distance between ester

bonds in order to improve hydrolysis resistance. 1t is
preferable that both the divalent alcohol and dibasic
dicarboxylic acid have longer chain component.

10 [0050] Examples of divalent alcchols, which are not limited,
include ethylene glycol, 1,3~ and 1,2-propylene glycol,
1,4- and 1,3- and 2Z,3-butylene glycol, 1,6-hexane glycol,
1,8-octane glycol, neopentyl giycol, cyclchexanedimethanol,
1,4-bis-{hydroxymethyl)-cyclohexane, 2-methyl-1,3-

15 propanediol, 3-methyl-1,5-pentanediol, 2,2,4-trimethyl-~-1,3-
pentanediol, diethylene glycol, dipropylene glycol,
triethylene glycol, tripropylene glycol, dibutylene glycol
and the like.

[0051} Examples of the dibasic dicarboxylic acids include

20 aliphatic, cycloaliphatic, aromatic and/or heterocyclic
dibasic dicarboxylic acid, but preferred is aliphatic or
cycloaliphatic dibasic dicarboxylic acid because it is
required that the resulting NCO terminated prepolymer is
liguid or low melt viscosity. If aromatic dibasic

25 dicarboxylic acid is applied, it is preferable to use in
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. S

di carboxylic acid. Exanples of the dicarboxylic acids, which are not
limted, include succinic acid, adipic acid, suberic acid, azelaic acid,
sebacic acid, phthalic acid, 5 isophthalic acid, terephthalic acid,
napht hal ene di carboxylic acid, cycl ohexane dicarboxylic acid (o-, m, p-),
dineric fatty acid (such as oleic acid) and the like. The polyester polyol
may have a portion of carboxyl termnate roup. Lactones, such as

e-caprol actone, or 10 polyester of hydroxycarboxylic acid, such as e-

hydr oxycaproni c acid may be al so used. [0052] Nunber average nol ecul ar

wei ght of the high nolecular weight polyol is not limted, but is
preferably within_ the rapge 00.t0 2,0 0 stic 15
properties o?m?h%aF%%%IW|ﬁg a9$9§rg%ﬁaor “ a%xéﬁﬁﬁg egggggggage nmol ecul ar
wei ght is | ower than 500 ast i prap of . the.resul ti,ng

pol yur et han l?%ﬁ?ﬂxYélﬁo?Clguff %?@ﬁ??ﬁ SEtEE glcﬁﬁp8ﬁy}§ SpAFtfre resin.
Therefore, the polishing. | ayer ared fromthe poly ret ane resin is 20
hard and bri®fe, aﬁﬁl@ﬁtcéﬁgggeﬁhe g £i GHC6fPSEr & ¢Hes? 6Hth§Cﬁ§P|shing
surface of the material to be pollshed The polishing pad_fromthe

pol yur et han8Upesif £S18aspF§lawnér AC1&ndSPPaFd CnaEisui p&ﬁb@ iR ¢CeR-of life
of the polishing pad. On the other hand, when the nunber average 25

mol ecuPar weFgREChELhFgREEde haRT2PbODA Like acasul NpRGtR81ep6! yur et hane resin

is soft, and the polishing |ayer
dicarboxylic acid, cyclohexane dicarboxylic acid (o-, m—,

p-), dimeric fatty acid {(such as oleic acid) and the like.
The polyester polyol may have a portion of carboxyl
terminated group. Lactones, such as e-caprolactone, cr

10 polyester of hydroxycarboxylic acid, such as e-
hydroxycapronic acid may be alsc used.
[0052] Number average molecular weight of the high
molecular weight polyol is not limited, but is preferably
within the range of 500 to 2,000 in view of the elastic

15 properties of the resulting polyurethane. When the number
average molecular weight is lower than 500, the elastic
properties of the resulting polyurethane resin is not
sufficiently obtained, which is brittle resin. Therefore,
the polishing layer prepared from the polyurethane resin is

20 hard and brittle, which causes the formation c¢f scratches
on the polishing surface of the material to be polished.
The polishing pad from the polyurethane resin is easily
worn, and it is not suitable in view of life of the
pclishing pad. ©On the other hand, when the number average

25 molecular weight is higher than 2,000, the resulting
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prepared fromthe pol yurethane resin tends to have poor planarity. [0053]
Exanpl es of | ow nol ecul ar wei ght polyols include 5 dival ent al cohols for
prepari ng pol yester polyol described above. As the | ow nol ecul ar wei ght
pol yol s used for the present invention, it is preferable to use at |east
one selected fromthe group consisting of diethylene glycol, 1,3-butylene
glycol, 3-nethyl-1,5-pentanedi ol and 1,62 0 hexanet hyl ene gl ycol, or
m xtures thereof. If ethylene glycol or “I, 4-butylene glycol as |ow
nol ecul ar wei ght polyols other than those used for the present invention is
used, the reactivity is too high during casting and nolding, or the
hardness of the resulting pol yurethane nol ded 15 shing material is too
hi gh, and t?&?¥kﬁ?%®?%@ ARteri af Softthalp rEE@nPOEH§ nt'fohd¥§Tbrittl e or the
surface of 1Cis easy to damage. On the other hand, if dival ent al cohols
havi ng | ongeferbae® AR 116-PekdnbehyPBAer§FyBoFeAfE GSehaVesBPLADI e
reactivity during casting and nolding, or suitable 20 hardness of the
resul ting polyweeihane nol ded polishing material is sonetinmes obtained.
However, the cost is too high, and it is not useful to use the dival ent
al cohols. [0053] Skawmelés 0§ heeessaeyufersekeghtt heliysesyanati@deconponent
dependi ng on the desired pot-life during casting 25 and nolding and to | ower
the nebt vidteositytohltbroBdd feespketpagiNGOpbéresnatredopryepobyseribehe
i socyanate

above. As the low molecular weight polycols used for the

present inventicn, it is preferable toc use at least one
selected from the group consisting of diethylene glycol,
1, 3-butylene glycol, 3-methyl-1,5-pentanediol and 1, 6-

10 hexamethylene glycol, or mixtures thereof. If ethylene
glycol or 1,4-butylene glycol as low molecular weight
polyols other than those used for the present invention is
used, the reactivity is too high during casting and mclding,
or the hardness of the resulting polyurethane molded

15 polishing material is toc high, and the polishing material
of the present inventiocn is brittie or the surface of IC is
geasy to damage. On the other hand, if divalent alicohols
having longer chain than 1, 6-hexamethylene glyccl are used,
suitable reactivity during casting and molding, or suitable

20 hardness of the resulting polyurethane meclded polishing
material 1s sometimes obtained. However, the cost i1s too
high, and it is not useful to use the divalent alcchols.
[0054] Since it 1s necessary to select the isocyanate
component depending on the desired pot-life during casting

25 and molding and to lower the melt viscosity of the
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conponent is applied alone or in conbination with two or nore. Exanples
thereof, which are not limted, include 2,4- and/or 2,6- diisocyanato
toluene, 2,2'-, 2,4'- and/or 5 4,4'-diisocyanato di phenyl net hane,

1, 5- napht hal ene diisocyanate, p- and m phenyl ene diisocyanate, dineryl

di i socyanate, xylylene diisocyanate, diphenyl-4,4"- diisocyanate, 1,3- and
1, 4-tetranet hyl xyl ydene dii socyanate, t§b;anethylene di i socyanat e,

1, 6- hexamet hyl ene dii socyanate, 10 dodec t hyl ene dii socyanat e,

cycl ohexane-1,3- and 1, 4- diisocyanate,

1-i socyanat o- 3-i socyanat onet hyl -3, 5, 5- trinethyl cycl ohexane (= isophorone
di i socyanate), bis-(4-_isocyanatocycl ohexyl)nethane (= hydrogenated M), 2-
and  4-i sockiiat oy | NHex§A LB 14 &Y y%B%P%iyﬁﬁéheinn%?ﬁ%ﬁ@?a%?S 15 and

1, 4- bi s- (i socyanat onet hyl ) - cycl ohexane, bis-(4- . .

i socyanat o-S RS eyis ofexyi et hame andipheorbkeat1ppDOBEFhAtYat P& of the
hi gh nol ecul ar wei ght polyol to the |ow nolecular weight polyol is

det er m ned mependi Bxpaml ¢ hetheerd br nelncehr agai netehinodtetheipokidhi ng | ayer
prepared by 20 using these polyols. [0056] Exanples of the chain extenders
used for the, presediorihyventddhsonchnaee foitueranpke?'or gdnhc-drany ne
conpounds. Exanpl es of the organic di am ne conpounds, which are not
limtedl, in¢)adeddiddecymtdydedepbeésyomehheanoani| brapphPhblibe

di chl or o- p- phyenyl enedi am ne, 4, 4' -nethyl ene-bis(2,3 31 dichloroaniline),
3, 3' - di chl odiDi dodyatiheg) nedi phenytpréhgnene diisocyanate, dimeryl

diisocyanate, xylylene diisccyanate, diphenyl-4,4'-
diisccyanate, 1,3- and 1,4-tetramethylxylydene diisocyanate,
tetramethylene diisccyanate, 1,6-hexamethylene diisocyanate,
10 dodecamethylene diisocyanate, cyclohexane-1,3- and 1,4-
diisocyanate, l-isccyanate-3-isocyanatomethyl-3,5, 5~
trimethylcyclohexane (= i1sophorone diisccyanate), bis-(4-
isocyanatocyclohexyl)methane (= hydrogenated MDI}, Z2- and
4-isocyanatocyclohexyl-2'-isocyanatocyclohexylmethane, 1,3~
15 and 1,4-bis-(isocyanatomethyl)-cyclchexane, bis-(4-
isocyanato-3-methylcyclohexyl)methane and the like.
[0055] A ratio of the high molecular weilight polyol to the
low molecular weight polyecl is determined depending on the
performance regquirement of the polishing layer prepared by
20 using these polyols.
[0056] Examples ¢f the chain extenders used for the present
invention include, for example, organic diamine compounds.
Examples of the crganic diamine compcunds, which are not
limited, include 4,4'-methylene-bis(c-chloroaniline), 2,6-

25 dichloro-p-phyenylenediamine, 4,4'-methylene-bis (2, 3-



chl oroani l i ne-nodi fi ed di chl orodi am nodi phenyl net hane, 1, 2-

bi s(2-am nophenyl t hi o) et hane, trinmethyl ene glycol-di-p- am nobenzoat e,

3, 5-bis(nethylthio)-2,6-toluene diamne and 5 the like. The | ow nol ecul ar

wei ght pol yol s descri bed above can be used as the chain extenders. They may
be used alone or in conbination with two or nore. [0057] The ratio of the
organi c i socyanate, polyol and chain exé nder during preparing pol yurethane
resin can 10 suitably change dependi ng nol ecul ar wei ght of each
conponent and the desired properties of the polishing | ayer forned
therefrom In order to obtain the polishing |layer having excellent abrasive

properties, it is desired that a ratio of nunber  of .isqocyanat up in the
organi ¢ 15 $EIERERARL + % e ﬁbféTdHHﬁg%FobﬁfEBﬁ@f?BﬁQP b%gﬁﬁg?mg%56$SXy
group and am no group) in the polyol and chain extender_be within the range
of 0.95 to Arhsroxtetranlgdi Pled ¢i-1lapod) oo5BPCTRESPILPEFERRGNnelr€5in of
the present invention can 20 be produced by known urethane-maki ng

t echni ques.bhe’ - bl jepleehahel Fest Bha3meg . opt FBRRNYYeeenFarACsrdbrPrzers such
as antioxidants, surfactants, lubricants, pignents, fillers, antistatic
agents, andaniveclogtheratrldi 3ivdsis [0089Y11ihioheZpotishiagepddaninehangr esent
invention, it is 25 desired for the foaned pol yurethane for the polishing

| ayer 32 (tihatlilse.thBheolousnobhtenlatl feighheppolbshi dgskaybedoabove

can be used as the chain extenders. They may be used alone
or in combination with two or more.
[0057] The ratio of the organic isocyanate, polyol and
chain extender during preparing polyurethane resin can

10 suitakly change depending on mcolecular weight of each
component and the desired properties of the polishing layer
formed therefrom. In order to obtailn the polishing layer
having excellent abrasive properties, it is desired that a
ratio of number of isocyanate group in the organic

15 isocyanate to the total number of functional groups
(hydroxyl group and amino greocup) in the polyol and chain
extender be within the range of 0.985 to 1.15, preferably
0.99 to 1.10.
[0058] The polyurethane resin of the present invention can

20 be produced by known urethane-making technigues. The
polyurethane resin may optionally contain stabilizers such
as antloxidants, surfactants, lubricants, pigments, fillers,
antistatic agents, and the other additives.
f[00598] In the polishing pad of the present invention, it 1is

25 desired for the foamed polyurethane for the polishing layer



mcro fine foamfor the polishing zone) to have an average cell dianeter of
not nore than 70 um preferably 20 to 70 um nore preferably 30 to 50 um
When the average cell 5 diameter is out of the range, the planarity is not
sufficiently obtained. The planarity nmeans snoothness in mcro structure of
the material to be polished, such as a sem conductor wafer. As a nethod of
measuring the average cell diameter in the foaned pol yurethane, for

exanple, 10 there is a nethod of measuring the dianeter of the cells at a
specified area by using an i mge processing unit. [0060] In the polishing
pad of the present invention, it is desired for the f oaned pol yur et hane for
t he poli shi 2YEI to have a cific cavit 5 to 1 cnB. Wen
the 15 spec{“fq1 g?aV| OWO%ﬁnéé?Frl%l %?cn% ?%elg? %g%%yg% the
surface of the #%5 gg | ayer olis .Zzone i reduced, and t

planarity dt'% i t O%e 01 P eﬁ ndyehng Bos%ﬁY%oﬁauEYSFaﬁﬁfer is
degraded. On the other hand, when the specific gravity |s h| Bhan 1.0
g/ cnB, 20 tHe hures?r thk %@%r%Pﬁ%rEh?ﬁ { HeHBol PERERA aPéVe? FBOIPshing
zone) is reduced, and the p Ianarltg good, but the abrasive rate tends to
be degradediMTHEOEHRFE FRr 2/t Avify ?558 P@tlOWB?natHﬁsévéFaaesﬁﬁﬁﬂe to a
mass of pure water having the sanme volune as the sanple at pressure of 25

1.01 bars aﬁ@m@ﬁﬁ%ﬁpk$a@@?e06ftﬁ€:rq%@espéh?fPéagﬂéWFVleSHOEan be neasur ed

according to JI'S Z8807.
sufficiently obtained. The planarity means smoothness in

micre structure of the material to be polished, such as a
semiconductor wafer. As a method of measuring the average
cell diameter in the foamed polyurethane, for example,

10 there is a method of measuring the diameter of the cells at
a specified area by using an image processing unit.
[0060] In the polishing pad of the present invention, it is
desired for the foamed polyurethane for the polishing layer
to have a specific gravity of 0.5 to 1.0 g/cm’. When the

15 specific gravity is lower than 0.5 g/cm’, the strength of
the surface of the pclishing layer ({(polishing zone) is
reduced, and the planarity of the material to be pclished,
such as a semiconductor wafer is degraded. On the other
hand, when the specific gravity is higher than 1.0 g/cm’,

20 the number of the micro pore in the polishing layer
(polishing zone) is reduced, and the planarity is good, but
the abrasive rate tends to be degraded. The specific
gravity 1s a ratio of a mass of a sample to a mass of pure
water having the same volume as the sample at a pressure of

25 1.01 bars and a temperature of 4°C. The specific gravity



[0061] In the polishing pad of the present invention, it is desired for the
f oamed pol yurethane for the polishing |ayer (polishing zone) to have a

har dness of 45 to 65, preferably 5 40 to 60. Wen the hardness is | ower
than 45, the planarity of the material to be polished is degraded. On the
ot her hand, when the hardness is higher than 65, the planarity is good, but
the uniformty within wafer tends to be degraded. The uniformty neans the
uniformty of 10 abrasive anobunt within the surface of a silicon wafer.
[0062] In the polishing pad of the present invention, it is desired for the
f oamed pol yurethane for the polishing |ayer (polishing zone) to have a
conpressibility of 0.5 to 5.0% referably U S to 3.0% Wen the
conpressibi???yb?smﬁﬁ?%¥%d1%CF9€d§58onrQﬁ e%%88th the planarity and
uniformty can be sufficiently obtained. The conpressibility is determ ned
by using t hE0®&l1 ol ngh¢ opelik 821N00BBE cCofpPeBSPBRRIt yIVETELPR)Y ALTAIF x 100
20 [0064] wherein T1 represents the thickness of a sanple_ after application
of 30 kPa (3@9iptenPyrsthessoppedepolyesentisneoivhetbanpbelsapagr2ayver
represents the thickness of the sanple after application of 180 kPa (1, 800
g/cnR) strésslishing gecehdsot bavheasaapbaeiss ptheddt &ve6P1. p28IEGEB5Y | n
the polishing pad of the present invention, it is 34 desired for the foaned
pol yur 8t hané0f bo the peheshihg hayeness is lower than 45, the

planarity cf the material to be polished is degraded. On
the other hand, when the hardness is higher than 65, the
planarity is good, but the uniformity within wafer tends to
be degraded. The uniformity means the uniformity of

10 abrasive amount within the surface of a silicon wafer.
[0062] In the polishing pad of the present invention, it is
desired for the foamed polyurethane for the polishing layer
{(polishing zone) to have a compressibility of 0.5 to 5.0%,
preferably 0.5 to 3.0%. When the compressibility is within

15 the above range, both the planarity and uniformity can be
sufficiently cobtained. The compressibility is determined

by using the following formula:

[0063]
Compressibility (%) = [(T;-T:) / T3] = 100
20 [0064] wherein T, represents the thickness of a sample

after application of 30 kPa (300 g/cm®) stress for 60
seconds to the sample, and T; represents the thickness of
the sample after application of 180 kPa (1,800 g/cm®)
stress for 60 seconds to the sample in the state T,.

25 [0065] In the polishing pad of the present invention, it is



(polishing zone) to have a conpressibility recovery of 50 to 100% Wen the
conpressibility recovery is out of the above range, the thickness of the
polishing layer is 5 largely changed by repeated | oading fromthe nmateri al
to be polished, and the stability of the abrasive properties is degraded.
[0066] In the polishing pad of the present invention, it is desired for the
f oamed pol yuret hane for the polishing Ia%gr 10 (polishing zone) to have a
storage el astic nodulus of not |ess than"200 MPa as neasured by dynam c

vi scoel astic measurenent at a tenperature of 40C and a frequency of 1 Hz.
When the storage elastic nDdqus is less than 200 MPa, the strength of the

surface of the pO|IShI er 15 reduced, and the planar of the
mat eri al td@%ﬁﬁi%ﬁlg%%d g%%m% RO LYW e bRRIRt BP L wafer PP laébgadiaye?he

storage elastic npdulus neans el astic nmodul us nmeasured by applyin si ne
wave vi brat iRPliohime Foam pbf yiiree h%m@ma@ras§alﬁbitétywﬁﬁoaefén§ﬁ Inode
folder of a dynam c viscoelasticity 20 spectroneter. [0067] The nethod of
preparing ctoskdltel | Whgpethoanedrr pof Yot el hansesavesll ysused PR the
polishing layer for the polishing pad of the present invention will be
expl ai ned i abodet ndhgherehaathéckndbhe nét hbd pblpebpapi hgvehelfoamed 25
pol yur et hane conprises the following steps (a) to (c). 35 [0068] (a)
Stirrihg tolprephyechacedéd dyspepsavadofcading from the material to be
polished, and the stability of the abrasive properties is
degraded.
[0066] In the polishing pad of the present invention, it is
desired for the fcamed polyurethane for the polishing layer
10 (polishing zone) to have a storage elastic modulus of not
less than 200 MPa as measured by dynamic viscoelastic
measurement at a temperature of 40°C and a freguency of 1
Hz. When the stcrage elastic modulus is less than 200 MPa,
the strength of the surface of the polishing layer is
15 reduced, and the planarity of the material to be polished,
such as a semiconductor wafer is degraded. The storage
elastic modulus means elastic modulus measured by applying
sine wave vibration to the foam polyurethane as a sample
with a tensile mode folder of a dynamic viscoelasticity
20 spectrometer.
[0067] The method of preparing closed-cell type foamed
polyurethane suitably used in the polishing layer for the
polishing pad of the present invention will be explained in

detail hereinafter. The method of preparing the foamed

25 polyurethane comprises the following steps (a) to (¢).



e ————————— ——————r - :
i socyanate-term nated prepol yner; A silicone-based surfactant is added to an
i socyanate- term nated prepolyner and stirred in an inert gas, and the 5
inert gas is dispersed as fine cells to forma cell dispersion. Wen the
i socyanate-term nated prepolyner is in a solid format ordinary
tenperatures, the prepolymer is nelted by pre-heating to a suitable
tenperature. [0069] (b) Mxing a curing gent (chain extender); 10 A chain
extender is added to, and m xed with, th&~cell dispersion under stirring.
[0070] (c) Curing step The isocyanate-term nated prepolyner mxed with the
chain extender is cast in a nold, and heat-cured. 15 [0071] The inert gas
used in production of the polyurethane resin foamis used for formng fine
cells, and Q0881 @¥lefEriatl ynchdio corARBEF bt ece Bafpfieer 9ot Hel gaBes i ncl ude
ni trogen, oxygen, a carbon dioxide gas, a rare gas such as helium and
argon, and isan yagth gast ¢herreofed grdepdnkeymmér: 20 dried to renobve water is nost
preferable in view of cost. [0072] As a stirrer for dispersing the inert
gas in the A sdiliasre: Hasedd sauf faxt et & copt adl@edgt o secyasat gaheta nat ed
prepol yner to formfine cells, well known stirrers can be wused w thout
particul ar 4dmimdton, pdish Bxaep! £5d thel ep8d 25ni ael udera Hogpgentizere a

di ssolver, a twin-screw planetary 36 mxer and the |ike. The shape of an
agitator ofifdier gas is dispersed as fine cells to form a cell
dispersion. When the isocyanate-terminated prepolymer is in
a solid form at ordinary temperatures, the prepclymer is
melted by pre-heating tc a suitable temperature.
[0069] (b) Mixing a curing agent {(chain extender);

10 A chain extender is added to, and mixed with, the cell

dispersion under stirring.

[0070] (c}) Curing step

The isocyanate-terminated prepclymer mixed with the chain
extender is cast in a mold, and heat-cured.

15 [0071] The inert gas used in production of the polyurethane
resin foam is used for forming fine cells, and it is
preferably not combustible. Examples of the gases include
nitrogen, oxygen, a carbon dioxide gas, a rare gas such as
helium and argon, and a mixed gas therecof, and the air

20 dried to remcve water is most preferable in view of cost.
[0072] As a stirrer for dispersing the inert gas in the
silicone~based surfactant-containing isocyanate-terminated
prepolymer to form fine cells, well known stirrers can be
used without particular limitation, and examples thereof

25 include a homogenizer, a dissolver, a twin-screw planetary



stirrer is not particularly limted either, but a whipper- type agitator is
preferably used to formfine cells. [0073] In a preferable enbodi nent,
different stirrers are 5 used in stirring for formng a cell dispersion in
the stirring step and in stirring for m xing an added chain extender in
the m xing step, respectively. In particular, stirring in the mxing step
may not be stirring for formng cells, apd a stirrer not generating |arge
cells is 10 preferably used. Such a stirrer 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 rate of the agitator are
preferablyn%gj

[ S0 A% NeaassArY, e 15,1007 LD Lhe JELpode oy prepari ng the
oanmed pol yurethane, edti’hg and post-Tcuring of e foani obfai ned by
casting the cell dispersion in ngd nd, react i it un%il the di spersion
Cost 11 ui dity e et Gett VTt TR oW ngt B eSS phySTead BHbprtiLBPSE  he
foam and are extrenely suitable. 20 The cell dispersion naﬁ be cast in a
mol d and i iR A% §A ST RRE AR heat FhgtovERT ™ ahteveR: tifider such
conditions, heat is not inmediately conducted to the reactive conponents,
and thus t hOQ3helera pfekeralkl arenbedinener edselerThe BUEFAGTFedttion is
preferably conducted 25 at normal pressures to stabilize the shape of cells.
37 [09075] used hien psepar &1g oboof feheipol yuret hadespesshonalnelhe
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
cells, and a stirrer not generating large cells 1is
10 preferably used. Such a stirrer is preferably a planetary
mixer. The same stirrer may be used in the stirring step
and the mixing step, and stirring conditions such as
revolution rate of the agitator are preferably adjusted as
necessary.
15 [0074]) In the method of preparing the foamed pclyurethane,
heating and post-curing of the foam obtained by casting the
cell dispersion in a mold and reacting it until the
dispersion lost fluidity are effective in improving the
physical properties cf the foam, and are extremely suitable.
20 The cell dispersion 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 reaction is preferably conducted

25 at normal pressures to stabilize the shape of cells.



known cat al yst accel erati ng pol yurethane reaction, such as tertiary

am ne- based catal ysts, organotin-based catalysts, my be used. The type and
anount of the catalyst added are 5 determ ned depending on flowtine in
casting in a predeterm ned shape nold after the m xing step. [0076] The
production of the foaned pol yurethane nmay be in a batch system where each
conponent is weighed and introduced intg7a vessel, or in a continuous
production 10 system where each conponent and an inert gas are continuously
supplied to and stirred in a stirring device and the resulting cel

di spersion is provided to produce nolded articles. [0077] The polishing

l'ayer used f@d57$ nerpoths %P@pa@ﬁe@t%n léft PRePHESEAL L AYABL FOB; fANzbRePI OducCed
by cutting a sheet of the foanmed pol yurethane resin prepared as descri bed

above i ntoy ﬁo@:‘iegﬁﬂf%{‘e?céé% ra£919%8%3” ;\g FQ%Q%' $0LR9;ipAd ofichhgspresent

invention, 1t 1s desi or the po ayer to have a fhickness, which

20 is not |inited, %]mg—fa <L, Fxagpl 83?38&0&*ﬂﬁ—%‘é%@&déggégj%@ar'”9

t he pollshlng aye aV|ng I'cknés I'nc

processing the foanlblock uced_b od. descri bed, ab ve to gi ven

thi ckness b2 BFi &erd- of T gY8%mP?§p8m8P“gE82 Ethﬁgtag Y&t A gegf ESStlng

reS|n %g in.anold c ngr|5| cavi é havi ng glven thlckness to 38 cure
tho@%?r%?%g %B?P n?e‘aﬁmfﬁq < 5|lm§hé8t asting .in

predetermined shape mold after the mixing step.
[0076] The prcduction of the foamed polyurethane may be in
a batch system where each component is weighed and
intreduced into a vessel, or in a continuous production

10 system where each component and an inert gas are
continuously supplied to and stirred in a stirring device
and the resulting cell dispersion is provided to produce
molded articles.
[0077] The polishing layer used for the polishing pad of

15 the present invention can be produced by cutting a sheet of
the foamed pclyurethane resin prepared as described above
into a predefermined size.
f0078) In the polishing pad ¢f the present invention, it is
desired for the polishing layer to have a thickness, which

20 is not limited, of 0.6 to 3.5 mm. Examples of the methods
of preparing the polishing layer having the above thickness
include a method of processing the foam block produced by
the method described above to a given thickness by a slicer
of band saw type or planer type; a method of casting resin

25 in a mold comprising a cavity having a given thickness to



nmol di ng technique; and the like. [0079] It is desired for the polishing

| ayer to have a variability of thickness of not nore than 100 um 5
preferably not nore than 50 um When the variability of thickness is |arger
than 100 um the polishing |ayer has |arge crinkle, and portions having
different contact state wth the material to be polished are forned, which
degrades the abrasive performance. In order to dissolve the 10 variability
of thickness of the polishing |layer, the surface of the polishing |ayer is
dressed by dresser having abrasive grains of dianond el ectrodeposited or
melt bonded thereon at initial stage of polishing. However, when the

variabilit tshic [ Sql - fmt, 15 sing tine is
| ong, mhicﬁngﬁadg%s%?ﬁgﬁg#%%d%%?@%lﬁ%f?%?g%ggggf%%%%?él%}aag§§?on,gin or der
to restrain t

he. vari ahility of he t hj ckness of the polishing | ayer, the
surface of WQﬁga%ﬁNF%éhQﬁFQEﬁyéF“%z@%%)ihg?Usted to a given thickness may be
20 buffing ed. The buffin reatent is preferabl conduct ed stepw se
by using abb&gﬁ%b Shekt ‘ﬁ%ﬁ?%@ £%¥?#%?eﬂ? b%ﬁf?%léag?ge?o[ B8%1%1n the
polishing layer formed fromthe foaned golyurethane of the present
i nvention, T3TidP¥elfuy rel tol 982 ovt deOhrbotestBant hdOpbly shing surface

(polishing zone) 39 contact with a material to be polished to polish the
5 preferably not more than 50 pym. When the variability of

thickness is larger than 100 pm, the polishing layer has
large crinkle, and portions having different contact state
with the material to be peolished are formed, which degrades
the abrasive performance. In order to dissolve the

10 variability of thickness of the polishing layer, the
surface of the polishing layer is dressed by dresser having
abrasive grains of diamond electrodeposited or melt bonded
thereon at initial stage cof polishing. However, when the
variability of thickness is larger than the upper limit,

15 dressing time 1is long, which reduces the productive
efficiency.
[00B0] In addition, in order to restrain the variability of
the thickness of the polishing layer, the surface of the
polishing layer (zone) adjusted to a given thickness may be

20 buffing treated. The buffing treatment is preferably
conducted stepwise by using abrasive sheets having
different particle size.
f[00B1] In the polishing layer formed from the foamed
polyurethane of the present invention, it is required to

25 provide grooves on the pelishing surface {(polishing zone)



material. The abrasive slurry provided during polishing the sem -conductor
device is effectively retained by the presence of the grooves. The grooves
al so have a function 5 of uniformy distributing the abrasive slurry on the
polishing surface. In addition, the grooves also have a function of a path
for briefly retaining abrasive waste, such as abrasive dust, used abrasive
slurry, and snoothly discharging it to t3me exterior thereof. The grooves

al so 10 prevent the material to be polished from breaking by the absorption
of the material to be polished to the polishing |ayer. [0082] The grooves
on the surface of the polishing |ayer, of which the cross section shape is

not parti cul@ld -S4 4N 4 6ghrdnehudes, pEopoexanrheror g6t augutge groove
conprising side surfaces and bottom surface, U shaped groove, V-shaped

groove and flelike. Fifl &olefye SCGPRY gﬁgggaaqﬁsﬁﬂgg phhyshigb! ng

grooves having Trectangular cross se he si ace 11 and 20

oroove. Thetier e rrer P o de e P E et etk Gy ey & ot ARG 2% ThE, St
one surface of side urface and bott surface of .the, groove. .ln_case of U
shaped grodVes 1§ s° i???cﬁF?OY%Sdis?ﬂ%gﬁfgﬁvﬁétﬁégﬁ Pﬁgezé $PBETSEPT ace
and bottom surface as_the.inner surface of the 40 roove. |In_ case of

V- shapgd gr%gv%Ql P hndt SshrPRcengs the abrasive slurry on the

polishing surface. In addition, the grooves also have a
function of a path for briefly retaining abrasive waste,
such as abrasive dust, used abrasive slurry, and smoothly
discharging it to the exterior thereof. The grooves also

10 prevent the material to be polished from breaking by the
absorption of the material to be polished to the polishing
layer.
[00B2] The grooves on the surface of the polishing layer,
of which the cross section shape 1s not particularly

15 limited, includes, for example, rectangular groove
comprising side surfaces and bottom surface, U-shaped
groove, V-shaped groove and the like. Fig. 2 is a
schematic cross section illustrating grooves having
rectangular cross section shape. The side surface 11 and

20 bottom surface 12 of the groove 10 shown in Fig. 2 are
inner surface of the groove. The term "inner surface of
groove" used herein refers t§ at least one surface of side
surface and bottom surface of the groove. 1In case of U-
shaped groove, 1t is difficult teo distinguish between the

25 side surface and bottom surface as the inner surface of the



the groove conprises only the side surface. [0083] In the polishing pad of
the present invention, it is not necessary for the whole inner surface of
the groove to 5 be non-porous surface. In case of the groove having small
depth and rectangul ar cross section shape, even if only the bottom surface
of the groove is non-porous surface, it is considered that the technical
effects acconplished by the present invertion are sufficiently obtained.
However, it 10 is nore preferable that the inner surface of the groove,
which is at | east one surface of the side surface and bottom surface of the
groove, is a non-porous surface in whole, because nore excellent technical

effects canyhe,,obt ai fiedasd5-f 0084haJhe $hape<0f thhe igraeve efat-Repol i shing
surface of "the polishing layer is not particularly limted, but includes,

for exanpl ethéon;g’%%o goeom,lf??]\%ggnég%goeae( sugh %‘E‘ngﬁzieangl e loop, square

| oop, pentagon p), ova the TiKe. The number of the groove is
ot party ool 20, 01160 Pl 90925, b LRI ERS LBl g
cxampl o 1 G UL 90eS COnESDl {12211 X, FRAS0. L0, GODYES EGTALLLCAl Y
positigned in a portion 25 surroundgd by the oo groove gn the polishi ng
depth and rectangular cross section shape, even 1f only the
bottom surface of the groove 1s non-porous surface, it is
considered that the fechnical effects acccmplished by the
present invention are sufficiently obtained. However, it
10 is more preferable that the inner surface of the grocove,
which is at least one surface of the side surface and
bottom surface of the groove, is a non-porous surface in
whole, because more excellent technical effects can be
obtained.
15 [00B4] The shape of the groove on the polishing surface of
the polishing layer is not particularly limited, but
includes, for example, round loop, polygonal loop (such as
triangle loop, sguare loop, pentagon loop), oval loop, and
the like. The number cof the groove is not particularly
20 limited as long as it is not less than 2. The arrangement
cf the grooves 1s not particulariy limited, but includes,
for example, loop grooves concentrically arranged, loop
grooves eccentrically arranged, loop grooves comprising one

loop groove and the other grooves positioned in a portion

25 surrounded by the loop grcove on the polishing surface and



[ 0085] Anmong the | oop grooves descri bed above, | oop grooves arranged in the
formof concentric circles are preferable in view of abrasive performnce
and easi ness of processing 5 the groove. [0086) There may be grooves havi ng
the other shape or recesses on the polishing surface in addition to the

| oop grooves. The grooves having the other shape may be, for exanple,

| i near grooves arranged in the directions4af the 10 dianeter on the polishing
| ayer. The |inear grooves nay be arranged in a lattice pattern. There may
be perforations penetrated fromthe polishing surface to the backsi de of
the polishing layer in addition to the grooves described above. 15 [0087]

It is desirgegd fprkd he groove on the surface of the polishing |ayer to have
a wdth of 0.05to 2.0 nm preferably 0.20 to 0.50 nm Wen the w dth of

e, 9,90ve, [90esetloi {1, 805 oths spdHben! Lpbpsont st bocabsas e

slurry in the groove, tec ects o g as a flow

path of the. abrasiqe sl LHLYrBLS &%éh&ggeﬁl _obtai ped, whichedegrades the

abrasive ra IS very to proce e grooves

raving, 2 i ghi oL el LerLhgp 0, 08 EMLo RO RAOCUEL LULLY o degiadad O

pol i shi ng effectlve area of the 42 pollshlng surface of the pol i shi ng Iayer
contac% hRE pgroove.-

[0086] There may be grooves having the other shape or
recesses on the polishing surface in addition to the lcop
grooves. The grooves having the other shape may be, for
example, linear grooves arranged in the direction of the

10 diameter on the polishing layer. The linear grooves may be
arranged in a lattice pattern. There may be perforations
penetrated from the polishing surface tc the backside of
the polishing layer in addition to the grooves described
above.

15 [0087] It is desired for the groove on the surface of the
polishing layer to have a width of 0.05 to 2.0 mm,
preferably 0.20 to 0.50 mm. When the width of the groove
is smaller than 0.05 mm, it is difficult to enter the
abrasive slurry in the groove, and the technical effects of

20 functioning as a flow path of the abrasive slurry are
sufficiently obtained, which degrades the abrasive rate.

In addition, it is very difficult to process the grooves
having a width of smaller than 0.05 mm, and productivity is
degraded. On the other hand, when the width of the groove

25 is larger than 2.0 mm, the polishing effective area of the



L

material to be polished is reduced, and the abrasive rate
abrasive rate is a paraneter used for evaluating the abrasive properties.
he present invention, it is desired for the groove to have a

[0088] Int
pitch of O.
formed and
groove is

pol i shing |
polished is

polished is

1 to 20 mm The pitch 15 is distance between the groove 14

the other groove 14 as shown in Fig. 2. Wen the pitch of the

smaller than 0.1 nm nmany gro%pes are formed on the 10 polishing

pad, and the polishing effective area of

ayer contact with a sem conductor wafer as the material to be
reduced, mhich reduces the abrasive rate. On the other hand,

when the pitch, of the ove i er n 20 f _the

pol i shi ng s@?f%%%@?ﬁ ? 5?|%ﬁ L g%?é &BﬂtaeyeﬁnFﬂnEﬁgg EB 5% €to be

i ncreased, and the frictional resistance between the materi al

pol i shing surface of the

to be pol iBHed kdH FhePPOPPLhFhgd phil. L THEFRFRor 8Nt hBenaPERFAVSt 2 The
pol i shed renoves fromthe polishing head (which is so 20 call ed

"dechucki ngty. rawece@t chTo¢ 2heagivevEahBans a PIRGREESE UFSHaReE bet ween

adj acent gr

| ess than OeBahmwgtwhichhésalaradbsvangeobesimiele pol i shing

deepest por

is reduced. The

5

ooves. [0089] It is desired for the groove to have a depth of not

| ess than 0[608®] Ihethal aneeed8 ibhetmeeéennfeedi ng drdidescliargichg t he

abr asi ve sl

10

15

20

25

urry is not
groove to have a pitch of 0.1 to 20 mm. The pitch 15 1is

distance between the groove 14 formed and the other greocove
14 as shown in Fig. 2. When the pitch of the groove is
smaller than 0.1 mm, many grooves are formed cn the
polishing pad, and the polishing effective area of the
pelishing surface of the polishing layer contact with a
semiconductor wafer as the material to be pelished is
reduced, which reduces the abrasive rate. On the other
hand, when the pitch of the groove is larger than 20 mm,
the area of the polishing surface of the polishing laver
contact with the material to be polished is increased, and
the frictional resistance between the material to be
peclished and the polishing pad. Therefore, the material to
be polished removes from the pclishing head (which is so-
called "dechucking"”). The pitch of the groove means a
shortest distance between adiacent grooves.

[0089] It is desired for the groove to have a depth of not
less than 0.5 mm, which is a distance from the polishing
surface to the deepest portion of the bottom surface. When

the depth of the groove is less than 0.5 mm, the balance

surface to the
tion of the bottom surface. When 25 the depth of the groove is



PR
sufficiently obtained, which is not preferable for polishing. The depth of
the groove is preferably not nore than 0.85 of the thickness of the
polishing layer having 5 the polishing surface in view of the strength of
the polishing pad. Fig. 2 is also a schematic cross section for
illustrating the wdth 14, pitch 15 and depth 13 of the groove 10. [0090] A
nmet hod of formng the groove is not |imted, but 10 includes a nethod of
mechani cal cutting using, for exanple, é%ﬂﬂting tool of a predeterm ned
size, a nethod of casting resin in a nold having a given surface shape and
curing it, a nethod of pressing resin using a press plate having a given
surface shape, a nmethod of form ng the grooves by 15 photolithography, a
met hod of flfHieryn t heegivovard byl sprrREIRG, thenBPRagige ﬁélﬂﬁi—”b’iglﬁhéoérooves
by |l aser light using carbon dioxide |aser and the |ike. Preferred is the
met hod of neehbittantEvtebbyingdoomhiTheiponishbngipagbtier fed from a porous
material, 20 such as foaned pol yurethane is excellent to polishing the
sem - conducpolisgleinge. Thecasetbfoforthengroheegigopesfenablienpdr nose
material by the nmechanical cutting, "burr™ or open pore is formed by
cutting thetlpanedpdbtodnthacethdcikedssontt hiei pnéisauntiadeyesuchvasgt he side
surface and bottom 25 surface, of the groove. The used abrasive slurry and
44 abpasi vehdusdl agrieasshyfaesninediandodccugulsatedghy tliethe

pelishing pad. Fig. 2 is alsc a schematic creoss section
for illustrating the width 14, pitch 15 and depth 13 c¢f the
groove 10.

[0090] A method of forming the groove is not limited, but

10 includes a method of mechanical cutting using, for example,
a cutting tocl of a predetermined size, a method of casting
resin in a mold having a given surface shape and curing it,
a method of pressing resin using a press plate having a
given surface shape, a method of forming the grooves by

15 photolithography, a method of forming the grooves by
printing, a method of forming the grooves by laser light
using carbon dioxide laser and the like. Preferred is the
method of mechanical cutting.

{0091] The polishing pad formed from a porous material,

20 such as foamed polyurethane is excellent te polishing the
semi-conductor device. In case of forming the grocoves on
the porous material by the mechanical cutting, "burr" or
open pore is formed by cutting the pore portion are formed
on the inner surface, such as the side surface and bottom

25 surface, of the groove. The used abrasive slurry and



P
presence of the hangnail or open pore on the inner surface of the groove.
Thereby the groove is stopped up, and the abrasive rate is reduced, a
scratch occurs and the 5 uniformty of polishing is not sufficiently
obt ai ned. Such polishing pad is not durable to long tine polishing. [0092]
In order to solve the problens described above, it 1is considered to use
nmet hods of form ng the groove, for exaanf, by heat pressing, enbossing,
| aser processing. 10 The inner surface of the groove fornmed by the nethods
is smooth surface without burr, but the inner surface has a drawback to
easily cause heat deterioration. The heat deterioration causes swelling of
t he groove, _t hernal haEdening of .the surfa e.a d th%mlik%, m%jc%h%ause 15
scrat ches. r?ﬁévgtﬂ%F h&hd, ?ﬁlégsgegﬁng m § ffre ﬁ&ﬁi?ﬁi d |"ayer by
non-foaned material, the groove hayi n smoot h i nner surface can be al so
formed by CHEEPRBCRNAL RES PRREDAHOWEePPETNEOBE! FenithG FAYE: FOFHEd e r om
the non- foaned material tends to have poor retainability of the 20 abrasive
slurry. In 88dFPPoArcsVAce TRBTRBH- FHEMETCOVEt &5 AL ORREheFpord orfed by
foam ng, the abrasive slurry and abrasive dust have no escape, which
i ncreases tRBraphvAatRrdA &F SEFAHCEHes? POOGIFITREPSIS WichdgHSad of the
present invention conprises 25 the polishing |ayer forned froma porous
mat eri & angnibherastyi pAepodiyphabe 6F fivd GLEdVE Leartaded obit atimedsur fRasd of
t he

polishing pad is not durable to long time polishing.
[0092] In order to solve the problems described above, it
is considered to use methods c¢f forming the groove, for
example, by heat pressing, embossing, laser processing.

10 The inner surface of the groove formed by the methods is
smocth surface without burr, but the inner surface has a
drawback to easily cause heat deterioration. The heat
deterioraticn causes swelling of the grcove, thermal
hardening of the surface and the like, which cause

15 scratches. On the other hand, in case of forming the
polishing layer by non-fcoamed material, the groove having
smooth inner surface can be also formed by cutting and the
like. However, the polishing layer formed from the non-
foamed material tends to have poor retainability of the

20 abrasive slurry. In addition, since the non-foamed
material has no pore formed by foaming, the abrasive slurry
and abrasive dust have no escape, which increases the
formaticn of scratches.

[0093] The polishing pad of the present invention comprises

25 the polishing layer formed from a porous material and the



polishing |ayer has a non-porous surface. The wording "the inner surface of
the groove forned on the surface of the polishing |ayer has a non-porous
surface" means that the 5 polishing layer is formed froma porous material,
but the inner surface of the groove formed on the polishing | ayer has
snoot h surface, which does not have any pores. In case that the inner
surface of the groove has a non-porous $@rface, it is desired for the

non- porous surface to have a 10 center |ine average roughness Ra of a
roughness curve of 1.0 to 5.0 pm preferably 1.5 to 3.0 mas a surface
roughness. Wen the center |ine average roughness Ra of a roughness curve
is larger tiharens. umpmed hef tdehrmwaive efdents of Teausinfprot ¢heth®usua
retai nment of the 15 abrasive slurry are not sufficiently obtained. On the
ot her hand,pdlidtsirdi ffdoant thdo Pprreparmotdies nom: porous Tiseirwaceéihavl nige a
center line average roughness Ra of a roughness curve of less than 1.0 um
based on thenrgresenfadechhitted demele 20rhOO9 tine t her patésbf nghpad of the
present invention, since the polishing surface has grooves and the inner

surface of pdhesiopVveaf@s Hae NofoPosOHSuSUEiatece tnésnPOBEADI EREO _
effectively restrain the clogging of the groove fromthe residual abrasive

sl urrys and gdwe; &ietad R - of s theradi asty® 290885t s enghet{at heppel tehi ng

| ayer is formed fromporous 46 material. Therefore, it is possible to

restrain thener surface of the groove formed on the polishing laver
has smooth surface, which does not have any pores. In case
that the inner surface of the grcove has a non-porous
surface, it 1s desired for the non-porous surface to have a

10 center line average roughness Ra of a roughness curve of
1.0 to 5.0 pm, preferably 1.5 to 3.0 pm as a surface
roughness. When the center line average roughness Ra c¢f a
roughness curve is larger than 5.0 um, the technical
effects of reducing of the unusual retainment of the

15 abrasive slurry are not sufficiently obtained. On the
other hand, it is difficult to prepare the non-porous
surface having a center line average roughness Ra of a
roughness curve of less than 1.0 um based on the present
technical level.

20 [0094] In the polishing pad of the present invention, since
the polishing surface has grooves and the inner surface of
the groove has the non-porous surface, it is possibie to
effectively restrain the clogging of the groove from the

residual abrasive slurry and the retainment of the abrasive

25 dust even if the polishing layer is formed from porous



unusual retainnent of the abrasive slurry, and it is possible to prepare

t he polishing pad having excellent long-termusability. 5 [0095] "A center

| i ne average roughness Ra of a roughness curve" used herein is a paraneter

according to JIS B 0601. The center |ine average roughness Ra of a

roughness curve can be nmeasured with an optical type surface roughness

tester, such as a three-di nensional surf profiler, laser 10 scanning

m croscope, electron beam surface profiler; a contact type surface

roughness tester, such as a surface roughness tester with contact styl us;

and the |ike. [0096] A nethod of making the inner surface of the groove on

t he pollshln éaL a hon- rous s rface |ncggdes a_15 nethogpof formng the
n

groove by c% d Th%r REe'ah 1EhBR5prH @sgpnﬁeﬁﬁgaﬁﬁn ®surface of
the groove to the non- porous surface by post processing. Exanples of
met hods of U%%%Fabr6%E§éﬂﬁ§nFn€¢uHEeaaﬁéﬁﬁéﬂeoﬁ1PFF§d|épﬁnd a‘Faser beamto
the surface portion of the inner surface of the 20 groove by a | aser
processi ng Baghihect bonereppre AhRePRédshandt kAl yadpplyicHged 1ed8in to the
surface portion of the inner surface of the groove to level it; a nmethod of
appl yi ng a tes@ntevnut heahidow#-portion, and then newy forming a groove;
and the |like. 25 [0097] Exanples of the resins used for the post processing
47 inbludelP@8bhs"khatntan bénesedefegeprepaniegst Re pdl iashionghness
curve"” used herein 1s a parameter according to JIS B 0601.
The center line average roughness Ra of a roughness curve
can be measured with an optical type surface roughness
tester, such as a three-dimensional surface profiler, laser
10 scanning microscope, electron beam surface profiler; a
contact type surface roughness tester, such as a surface
roughness tester with contact stylus; and the like.
[0096] A method of making the inner surface of the groove
on the polishing layer a non-porcous surface includes a
15 method ¢f forming the grcove by cutting and the like, and
then processing the inner surface of the groove to the non-
porous surface by post processing. Examples of methods of
post processing include a method of irradiating a laser
beam to the surface portion of the inner surface of the
20 groove by a laser processing machine to melt it; a method
of thinly applying a resin to the surface portion of the
inner surface of the groove to level it; a metheod of
applying a resin to the groove portion, and then newly

forming a groove; and the like.

25 [0087] Examples of the resins used for the post processing



| ayer. The inner surface of the groove can be treated to formthe

non- porous surface by applying the resin to the groove portion wthout the
foam ng treatnment described 5 above. Exanpl es of methods of applying the
resin to the groove portion include a nethod of coating the resin
thermally nelted thereto; a nethod of preparing a resin solution by

di ssolving or dispersing the resin in a €0lvent, and then coating or
spraying the resin solution thereto; a 10 nmet hod of applying pol ynerizable
resin to the groove portion by coating or spraying, and then post curing
it; and the like. [0098] The polishing | ayer of the polishing pad of the

present i nveiie isedoisrechdd omt he- pesedsront erkphrid§ Therpboienihg the
polishing effective area portion, which is the polishing surface other than

the groove pordi on,thd halnds, st e & QS’YetHét ghoBoEt koA BE theakeki shing
layer, the porous surface is exposed. That is, the polishing surface has

mcro poresfoﬁ,o %Jgfﬁ n Jher ool Vﬁmcpgc@agyogpwm?eﬁﬁ@t rbBYgNtLoRypBY be a

si ngl e-l ayere I ng pad, h I's conposed only a polishing |ayer,

or a |am ”lai éjo‘Pé) P&{‘&q%ﬁt @?@;ﬁﬁé ”Qogﬁunheg?%aﬁﬁgnkaéﬁ L& ofolhe

pol i shi ng yer a a cushlon p05|t|o etween t e po |sh|ng | ayer

and a pol i shing. 25 plagsn.o49: LO100ksThe RBL:90LA0-RRI E8: R eberab! v the
groove portion include a method of coating the resin
thermally melted thereto; a method of preparing a resin
soluticn by dissclving or dispersing the resin in a solvent,
and then coating or spraying the resin solution thereto; a

10 method of applying polymerizable resin tc the groove
portion by coating or spraying, and then post curing it;
and the like.

[0098] The polishing layer of the polishing pad c¢f the
present inventicn is formed from the porous material.

15 Therefore, in the polishing effective area porticn, which
is the pclishing surface other than the groove portion,
that is, the groove pitch portion of the polishing lavyer,
the porous surface 1s exposed. That is, the polishing
surface has micro pores.

20 [0099] The polishing pad of the present invention may be a
single-layered polishing pad, which is composed of only a
polishing layer, or a laminated polishing pad comprising at
least two layers of the polishing layer and a cushion layer
positioned between the polishing layer and a polishing

25 platen.



pol i shing pad conprising the polishing | ayer and the cushion |ayer. The
cushion layer plays a role in conpensating the properties of the polishing
| ayer. The 5 cushion layer is required in order to acconplish both the
planarity and uniformty within wafer, which are relation of a trade-off in
the CMP. The planarity means snoothness in a pattern portion when a
material to be polished having mcro uné¥enness fornmed during formng the
pattern is 10 polished, the uniformty within wafer nmeans uniformty in the
whol e nmaterial to be polished. The planarity is inproves by the properties
of the polishing layer, the wuniformty wthin wafer is inproves by the
properties [0flo0lhaneushildsHiayemadls § QdEe el \hartdnessuidatd®e cushi on

| ayer is preferably 1|ower than that of the polishing |ayer, which inproves

the adapt ghilliisttvi ref dafte eeldrshiing @yerpd 10 dhiengvhid e wefred , tignd  the
uniformty of the polishing layer is inproved. It is desired for the

cushi on | ayelsHi@haws ean AsKRr Adialdess, &0 9fa 2D dordl pieferably 25 to
35. [0102] Exanples of materials for formng the cushion |layer, which are

not |im ted, i dncliife e nanyuen £d i ouse fﬁ&ﬁ&m@%fﬁ% pol yest er

nonwoven fabric, nylon nonwoven fabric, acrylic nonwoven ric, aresin

: mpr egnat eg:u?s%i%‘?ﬁ"g%y‘é} Fabr gy, a3 POIYESLET 2 NOTMOVEL, TAbEH, Cr D
npregnated w th pol yurethane;  pol ymer resin foam such as

planarity and uniformity within wafer, which are relation
of a trade-off in the CMP. The planarity means smoothness
in a pattern portion when a material to be polished having
micro unevenness formed during forming the pattern is

10 polished, the uniformity within wafer means uniformity in
the whole material to be polished. The planarity is
improves by the properties of the polishing layer, the
uniformity within wafer is improves by the properties of
the cushicon layer.

15 {01011 The hardness of the cushion layer is preferably
lower than that of the polishing layer, which improves the

J adaptability of the polishing layer to the whole wafer, and
the uniformity of the polishing laver is improved. It is
desired for the cushion layer to have an Asker A hardness

20 of 20 to 40, preferably 25 to 35.
[0102] Examples of materials for forming the cushion lavyer,
which are not limited, but include a nonwoven fibrous
fabric, such as polyester nonwoven fabric, nylon nonwoven

fabric, acrylic nonwoven fabric; a resin impregnated

25 nonwoven fabric, such as poclyester nonwoven fabric



pol yur et hane foam polyethyl ene foam rubbery resin, such as butadiene
rubber, isoprene rubber; photosensitive resin; and the like. 5 [0103] A

nmet hod of lam nating the polishing |ayer to the cushion |ayer include, for
exanple, a nmethod of interposing a double-coated tape between the polishing
| ayer and the cushion, and then pressing it. [0104] The doubl e-coated tape
conpri ses adhesive layers on 10 the bot urface of a substrate, such as
nonwoven fabric and film It is desired to use the filmas a substrate in
order to prevent the abrasive slurry frompenetrating into the cushion

| ayer. In addition, exanples of the conpositions for the adhesive Iayer

i ncl ude rubber - based % eSIY ? ¥ -ba ed adheS|vefand ke.
view of t hEUREEEIAT %bﬁ?eﬂ? YUFBF P@d ﬂgraﬁFﬁﬁpc 88@@d5U8 h%glve
because it has smal| content of ihe nmet al % Since the conposition of the
pol i shing IBYEYURRDBRE HP#Fer BAt YFFOH! ERSt LBR™M hEUEHERY oRSF&fer SUEHCh
adhesi ve 20 | ayer of the doubl e-coated tape can have different conposition
and adj ust ¥hePREREsPLR BROPAE, caBAPRERBSF VBPEFayBROLBSEUFLABIE FaRAGR!

[ 0105] The pO|IShIn? gad obt ai ned as descri bed above is nounted on the

pol i shi ng piadehhdylbéfdi ng with a double- 25 coated tape, and the surface
of sem -conductor wafer can be 50 polished. The doubl e-coated tape

conpri Bes atlibe8BVer|mgthgd of laminating the polishing layer to thne

cushion layer include, for example, a method of interposing
a double-coated tape between the polishing layer and the
cushion, and then pressing it.
[0104] The double-coated tape comprises adhesive layers on

10 the both surface of a substrate, such as nonwoven fabric
and film. It is desired to use the film as a substrate in
order to prevent the abrasive slurry from penetrating into
the cushion layer. 1In addition, examples of the
compositions for the adhesive layer include rubber-based

15 adhesive, acrylic-based adhesive and the like. In view of
the metal ion content, preferred is the acrylic-based
adhesive, because it has small content of the metal ion.
Since the composition of the pclishing layer may be
different from that of the cushion layer, each adhesive

20 layer of the double-coated tape can have different
composition and adjust the adhesion of the each adhesive
layer toc suitable range.
{0105] The polishing pad obtained as described above is
mounted on the polishing platen by bending with a double-

25 coated tape, and the surface of semi-conductor wafer can be
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on the both surface of a substrate, such as nonwoven fabric and film as
described in the doubl e-coated tape for bonding the polishing |ayer to the
cushion layer. Since the 5 polishing pad is renoved fromthe platen after
polishing, it is desired to use the filmfor the substrate, because it is
possi ble to prevent the tape fromremaining on the polishing platen. The
sane conpositions for the adhesive |ayerpas that of the doubl e-coated tape
for bonding the 10 polishing layer to the cushion | ayer can be used. [0106]
Sem - conduct or device is produced through the step of polishing the surface
of sem -conductor wafer by using the polishing pad of the present

32V§2EL?2a Ean|g?lfllnhoEﬁ?ﬁ{Lcon (§¢Qﬁ%§#§%hydg§§§ﬁpo |sﬂ@n8f% Lhg wire
T o, bot (et Hod 1a af"iﬁ "’EEP%y uaé"?%r?“%wie G %ﬁ%‘%ﬁﬁ% hfc”‘“ )
20 5 supporIhg X??Es"(cﬁéoaqa 41y Head)® T RLpOT e g G rarer | A es be T

pol i shed (such as a _sem -conduct or_waf er acking for unjformy applying
pressure t - theWarEHhd-3FET dift a@?‘?/ec%%r&&?? f%%%l? ng TrERR@antSt The
pollshlng pad is ,nnunted on the polishing platen by bonding with a double
25 coated tRfpe: ST Btd shi Mg erent &l Suppor ity 3t %?Jel%tiln%om ti oned

such that the polishing pad and sem - conduct or _
it is desired to use the film for the sukstrate, because it

is possiblie to prevent the tape from remaining on the
polishing platen. The same compositions for the adhesive
layer as that of the double-coated tape for bonding the

10 polishing laver Lo the cushion layer can be used.
[0106] Semi-conductor device is produced through the step
of polishing the surface of semi-conductor wafer by using
the polishing pad of the present invention. The semi-
conductor wafer is generally formed by depositing wire

15 metal and oxide film on silicon wafer. A method of
polishing the semi-conductor wafer and pclishing apparatus
used for the method are not limited, but the method 1is
conducted by using the pclishing apparatus comprising, for
example, a polishing platen for supporting a polishing pad,

20 a supporting stand (polishing head) for supporting a
material to be polished (such as a semi-conductor wafer), a
backing for uniformly applying pressure to the wafer and an
abrasive slurry-feeding mechanism. The polishing pad is
mounted on the polishing platen by bonding with a double-

25 coated tape. The polishing platen and suppeorting stand are
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waf er supported by the platen and the stand respectively are opposed to
each other, and have an axis of revolution respectively. At the side of the
supporting stand, a 5 pressing nmechani smfor pushing the sem -conductor
wafer onto the polishing pad is provided. During polishing, the
sem -conductor wafer is pushed onto the polishing pad while rotating the
polishing platen and supporting stand, amdg the polishing is conducted while
feeding the abrasive slurry. 10 Feed of the abrasive slurry, polishing |oad,
revol ution nunber of the polishing platen and revol uti on nunber of the
sem - conductor wafer, which are not limted, are adjusted to suitable
range. [01 'T&%ﬁé%%’ PrYHCLNE ROT LN Ehe; SUT Eage-Obnhierodd
mat eri al tgy Se:L pol I shed, su% as t efpcgen%-cgﬁd%cto? vva%er, irs1 sm)gthly
pol i shed. A t i shing,,dici ondin o] - i ke are
conducted,v%#?]éé%§¥%§#%%£¥g$ij%%ﬁé%%t?g %ﬂ%dgg%dgegﬁg g%%?gggﬁgggyor devi ce
is used for rocessor,. menor d the_|ike. 20 LE .
Fbreinafter%r%nﬁf%ﬁ%ﬁxﬂﬁoi?ﬁﬁnﬂ?cnﬁ?% %écg?ggdalnawg%rgfd%%gg?LB§oPeference
to the Exanpl es, but the present _inventi is not |imted by the Exanples.
25 (Aver age T bt or A5 018 Fh hBastrBRen: By ShaRdgetcel |
g

dianetgr, t he . , . .

pressing mechanism for pushing the semi-conductor wafer

onto the polishing pad is provided. During pclishing, the
semi-conductor wafer is pushed onto the polishing pad while
rotating the polishing platen and supporting stand, and the
pelishing is conducted while feeding the abrasive slurry.
10 Feed of the abrasive slurry, polishing load, revolution
number of the polishing platen and revolution number of the
semi—-conductor wafer, which are not limited, are adjusted
to suitable range.
[0107] Thereby, a projective portion on the surface of the
15 material to be polished, such as the semi-conductor wafer,
is smoothly polished. After the polishing, dicing, bonding,
packaging and the like are conducted, and semi-conductor
device is produged. The semi-conductor device is used for
processor, memory and the like.
20
EXAMPLES
[0108] Hereinafter, the present invention is described in
more detall by reference to the Examples, but the present
invention is not limited by the Examples.

25 (Average Cell Diameter)



material, such as the polishing layer was cut into a thickness of about 1
mmparallel to the layer with a mcrotone cutter as a sanple for neasuring
the average cell 5 dianeter. The sanple was nmounted on a slide glass, and
the dianeter of the all cells was neasured at an optional 0.2 nmmx 0.2 nm
square area by using an inmage processing unit (lnage Analyzer V10

manuf actured by TOYOBO Co., Ltd.) to calsulate the average cell dianeter

10 (Specific gravity) [0110] The specific gravity was neasured according to
JI'S Zz8807-1976. The material, such as the polishing |layer was cut into a
strip sized of 4 cmx 8.5 cm (a proper thickness) as a sanple for neasuring

the specifipogoayily, ndds@penéhe sanplerwgs kefit atamctemperature of 23C 2C
and humdity of 50%% for 16 hours. The specific gravity was neasured by

using a hydporet el (SantRriystie Kpd1 i bHardneaskr (ik Bakdress af polishing
| ayer 20 [0111] The hardness was neasured according to JI S K6253- 1997. The

maleri al TornthenooLl Sl 800k ayer e, 4t LN 0B <ns! 280k 2iemx 2 om (a
cCKNness e 1or

proper thi as a sanp heasuri ng the hardhess, and the sanple
=

was eft alyfc-{eOper alure. ol 23Cetnand b ik uQEngrg‘%@% EJerpfenaung. 25
y Using a stack of the sanples ving a
thiCkngss Oéigﬁété953 %QS”SQmHYE“&BQ %ﬂﬂ E%Be%% a slide glass, and the
diameter of the all cells was measured at an optional 0.2
mm Xx 0.2 mm square area by using an image processing unit
{Image Analyzer V10 manufactured by TCYOBO Co., Ltd.) to
calculate the average cell diameter.
10 (Specific gravity)
[0110] The specific gravity was measured according toc JIS
Z8807~-1976. The material, such as the polishing layer was
cut into a strip sized of 4 cm x 8.5 cm (a proper
thickness) as a sample for measuring the specific gravity,
15 and the sample was left at a temperature of 23°CXE2°C and
humidity of 50%%£5% for 16 hours. The specific gravity was
measured by using a hydrometer (Sartorius K.K.}.
(Hardness)
{1} Hardness of polishing layer
20 [0111] The hardness was measured accerding fte JIS Ké6253-
1297. The material for the polishing layer was cut into a
size of 2 cm x 2 cm {a proper thickness) as a sample for
measuring the hardness, and the sample was left at a
temperature of 23°C+2°C and humidity of 50%+5% for 16 hours.

25 The hardness was measured by using a stack of the samples
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net er (Asker D hardness neter manufactured by Kobunshi Keiki Co., Ltd.).
(2) Hardness of cushion layer 5 [0112] The hardness was neasured according
to JI'S K6253- 1997. The material for the cushion |layer was cut into a

of 2 cmXx

and the sanple was left at a

having a t

har dness neter nmanufactured by Kobunshi Kei ki Co.

15 [0113]
a di anet er

t he conpre§§1

hum dity

usi ng TMVA
is determ
[(T1-T2) /
sanpl e 54

10

15

20

25

si ze

2 cm (a proper thickness) as a sanple for neasuring the hardness,

hi ckness of not less than 6 Mmmw th a hardness neter (Asker A

The material for the polishing |ayer, which cut into disk having

of

of 60%0%.for 40 hours. The conpres ib'Iitg was_neasured 20 by

CSSET00 A ThATU A 55 % Ko THRE F HmERES

BY TH2PeB#Bt essi bility

ned by using@&?e followng fornula: [0114] Conpressibility (%

Kedk i Goo

after application of 30 kPa (300 g/cnR) stress for 60
(2) Hardness cof cushion layer

[0112] The hardness was measured according to JIS Ké6253-

19%7. The material for the cushion layer was cut into a

size of 2 cm x 2 cm {a proper thickness) as a sample for

measuring the hardness, and the sample was left at a

temperature of 23°C+2°C and humidity of 50%+5% for 16 hours.

The hardness was measured by using a stack of the samples
having a thickness of not less than 6 mm with a hardness
meter (Asker A hardness meter manufactured by Kobunshi
Keiki Co., Ltd.).

(Compressibility)
[0113] The material for the polishing layer, which cut into
disk having a diameter of 7 mm {2 proper thickness), was
used as a sample for measuring the compressibility, the
sample was left at a temperature of 23°C*2°C and humidity
of 60%1+t10% for 40 hours. The compressibility was measured
by using TMA {556000; manufactured by Seiko Instruments).
The compressibility is determined by using the following
formula:
[0114]

Compressibility (%) = {[(T:-Tz) / T3] x 100

[0115] wherein T; represents the thickness of a sample

0115] wherein T1 represents the thickness of a

tenperature of 23C2C and hum dity of 50%% f or
16 hours. 10 The hardness was neasured bgausing a stack of the sanples

, Ltd.). (Conpressibility)

7 ‘ hi ck d : le. f '
g 0y, R it e Teit Bion T aparatirs BFEAASC and



seconds to the sanple, and T2 represents the thickness of the sanple after
application of 180 kPa stress for 60 seconds to the sanple 5 in the state
T1. (Conpression Recovery) [0116] The material for the polishing |ayer,
which cut into disk having a dianeter of 7 mm (a proper thickness), was
used as a sanple for neasuring the conpression recovery, 10 the sanple was
| eft at a tenperature of 23C 2C and hun?@ity of 60%10% for 40 hours. The
conpressibility was neasured by using TMA (SS6000; manufactured by Seiko
Instruments). The conpressibility is determ ned by using the follow ng
formula: 15 [0117] Conpression recoveryé&;%;bfTS-TZ)/(T1-T2) x 100 [0118]

wher ei n T1 afdsre sdmls adtd arhiodk s ScFef @n’)afttge sgppiare &% on of 30 kPa

(300 g/cnR) stress for 60 seconds to the sanple, 20 T2 represents the
t hi ckness ofeddmelssanplthaafdaare leappiriccati on of 180 kPa stress for 60 seconds
to the sanple in the state T1, and T3 represents the thickness of the
sanple after no | oadedrspatechars GBeseddadsessd dthemeapainipdat iaditeaf 30 25
kPa (300 g/cnR) stress for 60 seconds to the sanple in the 55 state T2.

application of 180 kPa stress for 60 seconds to the sample

5 in the state T;.
(Compressicon Recovery)

[0116] The material for the polishing layer, which cut into

disk having a diameter of 7 mm (a proper thickness), was

used as a sample for measuring the compression recovery,

10 the sample was left at a temperature of 23°CZ2°C and

humidity of 60%*10% for 40 hours. The compressibility was

measured by using TMA (SS56000; manufactured by Seiko
Instruments). The cocmpressibility is determined by using
the following formula:

15 [0117]

Compression recovery (%)= (T3-T:)/(T1-T») x 100
[0118] wherein T; represents the thickness of a sample
after application of 30 kPa (300 g/cn’) stress for 60
seconds to the sample,

20 T, represents the thickness of the sample after
application of 180 kPa stress for 60 seconds to the sample
in the state T;, and

T; represents the thickness of the sample after
no loaded state for 60 seconds and then application of 30

25 kPa (300 g/cm’) stress for 60 seconds to the sample in the



(Storage Elastic Mdulus) [0119] A3 mmx 40 mmrectangul ar sanple (a proper
t hi ckness) was cut out and used as a sanple for neasurenent 5 of dynam c

vi scoel asticity. The accurate wi dth and thi ckness of each sheet after
cutting were neasured using a mcro-neter. For neasurenent, a dynanmc

vi scoel asticity spectroneter (manufactured by |Iwanoto Sei sakusho, now IS

G ken) was used to determ ne storage el agtic nodulus E'. 10 Measurenent
conditions are as follows: neasurenent tenperature, 40C.; applied strain,
0.03% initial loading, 20 g; and frequency, 1 Hz. 15 [Eval uation of
Abrasive Properties] [0120] As the polishing apparatus, SPP600S manufactured
by Ckanntqnpﬁgﬂ e Tool Works, Ltd. was used in evaluation of abrasive
properties 0 e resulting pollshlng pad. 20 (Abrasive rate) [0121] The

abrasive rate was deternl_gg Q¥ Hﬁg | culation froma tinme until polishing
0.5 pm thickness VO O STEG Ty #the oxide filmformed on silicon
i nches. The thickness of an oxide filmwas 25

f havi t
Vrrvgaglrjr eng[qy%?]ntﬁgr?éﬁéﬁ&ell E?llﬁu?n %%?E%%%Jsaﬁe%@ﬁ?f%g?ﬁew%%e%G manuf act ur ed

by O suka nshi sha. The O|IShIn ndi ti ons
y D%lckness wasrzut out g g used as a sample for measurement

5 of dynamic viscoelasticity. The accurate width and
thickness of each sheet after cutting were measured using a
micro-meter. For measurement, a dynamic viscoelasticity
spectrometer {manufactured by Iwamoto Seisakusho, now IS
Giken) was used to determine storage elastic modulus E'.

10 Measurement conditions are as follows:
measurement temperature, 40°C.;
applied strain, 0.03%;
initial loading, 20 g; and

frequency, 1 Hz.

15
[Evaluaticn of Abrasive Properties]

E [0120] As the polishing apparatus, SPP600S manufactured by
Okamcto Machine Tool Works, Ltd. was used in evaluation of
abrasive properties of the resulting polishing pad.

20 {Abrasive rate)

[0121] The abrasive rate was determined by the calculation
from a time until polishing 0.5 um thickness of an oxide

film from the oxide film formed on silicon wafer having a
diameter of 8 inches. The thickness of an oxide film was

25 measured by an interference film thickness measuring device
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were as follows: silica slurry Sem Sperse-12 (manufactured by Cabot) was
dropped at a flow rate of 150 niL/mn., the polishing |oading was 350 g/cng,
t he nunber of revolutions 5 of the polishing platen was 35 rpm and the
nunber of revolutions of the wafer was 30 rpm (Planarity) [0122] For
eval uation of planarity, a 0.5 pmthernal -oxide filmwas deposited on a
8-inch silicon wafer and subjected 10 tospatterning, and a 1 pmoxide film
p- TECS (tetraethoxy silane) was further deposited thereon, to prepare a
wafer having a pattern with an initial difference in level of 0.5 pm This
waf er was polished under the above-described conditions, and each

di ff erence pj Jevah, MRS HRRRUN G tfrlon BV Uafiee t;ﬁ@lﬁél@% i d¥ndheodd anarity
was determ ned by neasuring the two differences in level. One is a |ocal

di ffer ence, . J %fse 2%1%@1 5l sulcdiiprenpecianibeny p%ﬁéx‘?ﬁf‘a«:‘f“é\%ﬁjl i nes

having a w pn1mere space t hat the difference in
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revolutions of the wafer was 30 rpm.
(Planarity)}
f0122] For evaluation of planarity, a 0.5 pm thermal-oxide
film was deposited on a 8-inch silicon wafer and subjected
10 to patterning, and a 1 um oxide film p-TEQS (tetraethoxy
silane) was further deposited thereon, to prepare a wafer
having a pattern with an initial difference in level of 0.5
pm. This wafer was polished under the above-described
conditions, and each difference in level was measured to
15 evaluate the planarity. The planarity was determined by
measuring the two differences in level. One is & legcal
difference in level, which is level difference in the
pattern where lines having a width of 270 pm were spaced at
30 pm, that is, the difference in level after 1 minute from
20 peclishing. The other is the abrasive amount in 270 um
space when the global difference in level between teops of
lines in two patterns, which are a pattern where lines
having a width of 270 um is spaced at 30 pm and a pattern
where lines having a width of 30 um is spaced at 270 pm,

25 was raduced to 2000 A or less was measured to evaluate the
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hi gher the speed of planarizing unevenness of the oxide filmforned
depending to the pattern on the wafer within a certain tinme. The smaller
t he abrasive amobunt in the space, 5 the snaller the abrasive anmount of the
portion not to be polished, and it is shown that the planarity is
excellent. (Uniformty within Wafer) [0123] After polishing, the thickness
of the filmwas neasured at 25 points onythe polished surface of a silicon
10 wafer. The nmaxi mum thi ckness Tmax and m ni mum thi ckness Tmin of the film
were used to calculate uniformty (% according to the follow ng equation:
[0124] Uniformty Wthin Wafer (o) 15 = (Tmax - Tmn)/(Tmax + Tmin).x 100
The smal | efp1heARIUE Ghdt RENIGORHI 1 dc t&efﬂaxgé}?cre tihe 1 i f oradd y

within the surface of the silicon wafer is. nber of scratch) [0125]

Numb f I hi
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5 the smaller the abrasive amount of the portion not to be

polished, and it i1s shown that the planarity is excellent.
{Uniformity within Wafer)
[0123] After polishing, the thickness of the film was
measured at 25 points on the poclished surface of a silicon
10 wafer. The maximum thickness Tmax and minimum thickness
Tmin of the film were used to calculate unifeormity (%)
according to the following equation:
[0124]
Uniformity Within Wafer (%)
15 = (Tmax - Tmin)/{Tmax + Tmin).x 100
The smaller the value of the uniformity is, the higher the
k uniformity within the surface of the silicon wafer is.
{(Number of scratch)
[0125] Number of scratches of not less than 0.5 pm on the
20 wafer after polishing was measured with a wafer surface
analyzer WMZ500 manufactured by Topcon Corporation
(Surface roughness Ra)
[0126] The inner surface portion cf the groove formed on
the polishing surface cof the polishing layer was cut out as

25 a test piece. The test piece adhered on the glass platen



roughness curve of the test piece on the glass platen was neasured as
surface roughness according to JIS B 0633 with a surface profiler P-15
manuf act ured by Tencor Corporation 5 at the followi ng nmeasuring condition.
Scan | ength: 2S00pm Scan speed: 20pmsec Stylus force: 2nmg Stylus radius:
2. Oom 10 Cone angle of stylus tip: 60 degree Further 4 test pieces were
prepared as descri bed above, and the center |ine average roughness Ra was
nmeasured as described above. The average of the resulting 5 neasured

val ues was determ ned, and the average is shown as the 15 center I|ine

aver age roughness Ra of a roughness curve as the surface roqghness Ra.

(Sectional YEHdbe ¥3%gr o) FULLEA ‘TS sBERT 9l TQHENE DF ¥he grdove was
eval uated by wusing the followi ng evaluation criteria. 20 Eval uation
criteria ofARhaSadaOfe the grooRs Wi kit e uked atashrebatpdiiés in the
depth direction when observing the sectional shape of the groove is within
t he target meamE stherd Fair Hesd atdwiniofss hecedhr @Engrebe ud ThgB pof ABswithnot
nore than 30 25 pmor not nore than 10% of the target range. Therefore, 59
rect angl e sectinhate shapel isr dbthh neghufactured by Tencor Corporation
5 at the following measuring ccndition.
Scan length: 2500um
Scan speed: 20um/sec
Stylus force: 2mg
Stylus radius: 2.0um
10 Cone angle of stylus tip: 60 degree
Further 4 test pleces were prepared as described above, and
the center line average roughness Ra was measured as
described above. The average of the resulting 5 measured
values was determined, and the average 1is shown as the
15 center line average roughness Ra of a roughness curve as
the surface roughness Ra.
{Sectional shape of groove)
[0127] The sectional shape of the groove was evaluatgd by
using the following evaluation criteria.
20 Evaluation criteria
o: An average of the groove width measured at three
points in the depth direction when observing the sectional
shape of the groove 1s within the target range and the

deviation of the three measuring points is not more than 30

25 HMm or not more than 10% of the target range. Therefore,



4: The average of the groove width is within the target range, but the
deviation is larger than 30 um Burrs is largely fornmed only at one portion.
The rectangle 5 sectional shape is generally obtained and the deviation of
the three neasuring points is not nore than 30 pm but the average of the
groove width is slightly out of the target range. x: The average of the
groove width is out of the 10 target range and rectangl e sectional shape is
not entirely obtained. (Surface burr) [0128] Burr fromthe groove to the
surface in the sectional surface, in which the sectional shape of the
groove was 15 neasured, was eval uated by using the follow ng eval uation

criteria. Bwdtuaidien sddt i oshdled 10reothame80 pm fl: From 80 to 100 um
20 x: Not less than 100 pm (War of groove processing tool) [0129] After

processing the gr.ooMe by, sl 4 hec g 09VELv P RELSSI NG | POhin Ofhavhi ch the
cutting edge was newy polished, the wear state of the cutting edge of the

groove 25 Prasss! g deolpyesciry alusd £t ohes R o gLhe: gorne fertion 60 of

the cutting was neasured y~usi ng
Burrs is largely formed only at one portion. The rectangle

5 sectional shape is generally obtained and the deviation of
the three measuring points is not more than 30 um, but the
average of the groove width is slightly out of the target
range.

x: The average of the groove width is out of the
10 target range and rectangle sectional shape is not entirely
obtained.
(Surface burr)
[0128] Burr from the groove to the surface in the sectional
surface, in which the sectional shape of the grocve was

15 measured, was evaluated by using the following evaluation
criteria.

Evaluation criteria

o: Not more than 80 um

A: From 80 to 100 um

20 x: Not less than 100 pm

(Wear of groove processing tool)
[0129] After processing the groove by using the groove
processing tool, of which the cutting edge was newly
polished, the wear state of the cutting edge of the groove

25 processing tool was evaluated. The R of the corner portion
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a scanning el ectron mcroscopy SEM or microscope), and the wear of the
groove processing tool was evaluated by using the follow ng eval uation
criteria. 5 Evaluation criteria o: R=0to 0.20 mmand the corner portion
of the cutting edge is not nicked. L: R=0.20 to 0.30 nmand the corner
portion of the <cutting edge is slightly nicked. 10 x: R = not |less than
0.30 mm and the corner portion of the cghting edge is largely nicked.
(Exanmpl e 1) Preparation of polishing |layer 15 [0130] 100 parts by wei ght of
a pol yet her-based urethane prepolyner (Adiprene L-325 manufactured by
Uniroyal, NCO content: 2.22 neq/g) filtered and 3 parts by weight of a
silicone- b%%ectﬂrég &m&&%&&g@ﬁ %'#;L%zdgﬁnvf@é% et BYeq Tas@YL Doy Cor ni ng

Silicone Co., were intro ed into a fluorine coated vessel™ and

i xed. d i " e . . .
\r/r: )g(;gr ouglny as[gl%ra&lglgpjf%gfel%; out Sfla@n%%éxg&éa}ﬁoﬁgq@o%lfspérﬁ%%l)uirjgﬁ%\gs%h? | uori ne

coated stirrer wth introducing air_into ction ess s by
wei ght of LR r?\gt kﬁ?\eer?emﬁvse( & chioroant Iti'é;loe (Ef‘ﬁ%fr)%a %m euﬁ%qé

manuf act ur by. I.Lhara Chem cal_Industry) 61 previously nelted at 120C and
filtered wa qlﬁ%ﬁ%ﬁﬂﬁﬁ? %Wé;%ﬁﬁioﬁvﬁ%ﬁQ%ﬁ%?ring for about 1 minute, the

m xed 5 Evaluation criteria

0: R =0 to 0.20 mm and the corner portion of the
cutting edge is not nicked.
A: R = 0.20 to 0.30 mm and the corner portion of the
cutting edge is slightly nicked.,
10 %: R = not less than 0.30 mm and the corner portion cof

the cutting edge is largely nicked.

(Exanmple 1)
Preparation of polishing layer
15 [0130] 100 parts by weight of a polyether-based urethane
prepolymer {Adiprene L-325 manufactured by Uniroyal, NCO
content: 2.22 meqg/g) filtered and 3 parts by weight of a
silicone-based nonionic surfactant (SH192 manufactured by
Toray Dow Corning Silicone Co., Ltd.) were introduced into
20 a flucrine coated vessel and mixed, and the temperature was
maintained to 80°C. The mixture was vigorously stirred for
about 4 minutes at about 900 rpm by using a fluorine coated
stirrer with introducing air into reaction process. 26
parts by weight of 4,4'-methylene-bis(o-chloroaniline)

25 (Thara Cuamine MT manufactured by Ihara Chemical Industry)



reaction solution was introduced into a fluorine coated pan-type open nold.
When the reaction solution did not 5 flow, the nold was put in an oven and
post-cured at 110C for 6 hours to produce a foamed pol yurethane resin
bl ock. This foaned pol yurethane resin block was sliced by a slicer of band
saw type (manufactured by Fecken) to obt?Ln a foaned pol yurethane resin
sheet. 10 [0131] The sheet was buffing treated with a buff (manufactured by
Amitec) to forma sheet having the desired thickness (sheet thickness: 1.27
nmm) . The buffing treated sheet for the polishing |ayer had an average cel
dianeter of 45 um_a specific gggmjty of 0,86, a hardness of 53, a 15

r

conpr essi biAG&%E B 1Y 3L X dipriessior e cover§r e 6%° 0YBLEF 2S¢ | exur al
nmodul us of 275 MPa. The buffing treated sheet was punched into a disk
havi ng a ditdifstadio of 24 ey ntthigst {8105 M abeine tdhcent®i ctled retf@a® grooves
having a depth of 0.8 mm width of 0.25 nmmand pitch of 1.5 mmwere 20
formed on tifREurdrace 0t idie wheetn o disterd bnsurd ateucyivovecpiddessi ng
machi ne (Toho Engineering). [0132] The resin used for the foaned
pol yur et harmamresige afmetnavas. prigpar edhasr eestrdbeso Aboien wiltthouttstirring
with introducing air into reaction process, and then the resin 25 was
vacuum def adimed tthepmepat evas resi ntused doen posd B2stprocessangll The
resulting resin was coated on the groove portion in the uncured state, and
cured by heidr téd eadumntto produce a foamed polyurethane resin block.
This foamed polyurethane resin block was sliced by a slicer
of band saw type {(manufactured by Fecken) to obtaln a
foamed polyurethane resin sheet.
10 [0131} The sheet was buffing treated with a buff
(manufactured by Amitec) to form a sheet having the desired
thickness (sheet thickness: 1.27 mm). The buffing treated
sheet for the polishing layer had an average cell diameter
of 45 pm, a specific gravity of 0.86, a hardness of 53, a
15 compressibility of 1.0%, a compression reccvery c¢f 65.0%
and a flexural modulus of 275 MPa. The buffing treated
sheet was punched into a disk having a diameter of 24
inches (610 mm), and concentric circular grooves having a
depth of 0.8 mm, width cf 0.25 mm and pitch of 1.5 mm were
20 formed on the surface of the sheet by using a surface
groove processing machine (Toho Engineering).
[0132] The resin used for the foamed polyurethane resin
sheel was prepared as described above without stirring with

introducing air into reaction process, and then the resin

25 was vacuum defoamed to prepare a resin used for post



y
The cured resin portion was then cut as described above to form grooves
agai n (post processing). The cutting was 5 attentively conducted w t hout
cutting all the coated resin. As a result, the polishing |ayer, of which
both the side surface and bottom surface as the inner surface of the

groove were non-porous surface, was prepared. [0133] The inner surface of
the groove before post 10 processing hadga center |ine average roughness Ra
of a roughness curve of 7 to 20 pm and the inner surface of the groove
after post processing had a center |line average roughness Ra of a roughness
curve of 0.6 to 1.0 um [0134] A double-coated tape (double-tack tape

manuf act ur g4 15 Ay Seki Gaenicaly Greidtehyd adhereds otbhe oppasite side

of the groove processed surface of t'he polishing | ayer sheet by using a
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As a result, the polishing layer, of which both the side
surface and bettom surface as the inner surface of the
groove were non-porous surface, was prepared.
{0133] The inner surface of the groove before post
10 processing had a center line average roughness Ra of a
roughness curve of 7 to 20 um, and the inner surface of the
groove after post processing had a center line average
roughness Ra of a roughness curve of 0.6 to 1.0 pm.
[0134] A double-coated tape {double-tack tape manufactured
15 by Sekisul Chemical Co., Ltd.) adhered to the opposite side
of the groove processed surface of the peclishing layer
sheet by using a laminator.
Production of Polishing Pad
{0135] A polyethylene foam (Toray PEF manufactured by Toray
20 Industries, Inc.) (thickness, 0.8 mm} having a surface
brushed with a buff and subjected to corona treatment as a
cushion layver was laminated to the adhesive surface of the
double-coated tape on the polishing lavyer by using a
laminator. 1In addition, a double-coated tape adhered to

25 the opposite side of the cushion layer by using a laminator
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pad were neasured or evaluated. As a result, a silicon wafer pol i shed by
using the polishing pad had a few 5 scratches and good uniformty, and the
polishing pad had good stability of polishing the silicon wafer for a | ong
time of not |less than 40 hours such that abrasive dust and abrasive slurry
were not unusually remained in the grooves. (Conparative Exanple 1) 10
[0137] 100 parts by wei ght of a pol yethegsbased urethane prepol ynmer

(Adi prene L-325 nmanufactured by Uniroyal, NCO content: 2.22 meqg/g) filtered
and 3 parts by weight of a silicone-based nonionic surfactant (SH192

manuf actured by Toray Dow Corning Silicone Co., Ltd.) were introduced into
15 a fluorine e | ¢§§9, and the tenperature was naintai ned
to 80C. Tthh#&t F§Q3é§%§ﬁﬁgggﬁgf] stirred for about 4 mnutes at about 900
rpm by usi l ugrine coated stirrer with jntro oy Lo .reaction
process. 2 ﬁ%ﬁ%s %r%wﬁ%ﬁﬁv%ﬁpaﬁgﬁE%%?%y?gn%@%i5 %g%%?%SO%%%F%ﬁ% 20
(I'hara Cuami ne MI manuf act ured by Ihar em cal Industry evi ously

el ted ot EAC RS PSR s THTGHCRSH et et o R &b SE1 PR f or
about 1 mnute, the mxe reaction solutjion was introduced_into a fluorine
Coated  partaliie Hpert i &Y WHH'S ois cbiet Oht S0 RS o & ABE 25 1 0w, t he
nold was put in an oven and(gost;cured at 110C 64 for 6 hours to produce a

f oamed® pol VA& 1S rBd PWMOUE L ITHISEY 0aRRY poOE yRIT et FAHRY re3FnhBlock was

sliced by a slicer o o
good stability of polishing the silicon wafer for a long

time of not less than 40 hours such that abrasive dust and
abrasive slurry were not unusually remained in the grooves.
(Comparative Example 1)

10 [0137] 100 parts by weight of a polyether~based urethane
prepolymer {Adiprene L-325 manufactured by Uniroyal, NCO
content: 2.22 meqg/g) filtered and 3 parts by welight of a
silicone-based nonicnic surfactant {(SH192 manufactured by
Toray Dow Corning Silicone Co., Ltd.) were introduced into

15 a flucrine coated vessel and mixed, and the temperature was
maintained to 80°C. The mixture was vigorously stirred for
about 4 minutes at about 900 rpm by using a fluorine coated
stirrer with introducing air into reaction process. 26
parts by weight of 4,4'-methylene~bis{o~chloroaniline)

20 (Ihara Cuamine MT manufactured by Ihara Chemical Industry)
previously melted at 120°C and filtered was introduced
thereto. After stirring for about 1 minute, the mixed
reaction solution was introduced into a fluorine coated
pan-type open mold. When the reaction sclution did not

25 flow, the mold was put in an oven and post-cured at 110°C



of band saw type (manufactured by Fecken) to obtain a foaned pol yurethane
resin sheet. 5 [0138] The sheet was buffing treated with a buff

(manuf actured by Amitec) to forma sheet having the desired thickness
(sheet thickness: 1.27 nm. The buffing treated sheet for the polishing

| ayer had an average cell dianeter of 45 pm a specific gravity of 0.86, a
har dness of 53, a 10 conpressibility of %40% a conpression recovery of
65.0% and a flexural nodulus of 275 MPa. The buffing treated sheet was
punched into a disk having a dianeter of 24 inches (610 nm), and concentric
circular grooves having a depth of 0.8 mMm wdth of 0.25 nm and pitch of

1.5 mm ver erchd § ek ofb Eﬂ%&&&é ager Oimdepsheetc batisi s dnSHIbage groove
processi ng machi ne (Toho Engineering) to prepare the polishing |ayer sheet

havi ng QVOO%EQV%W M&?@Eﬂ‘&nﬁSﬂééﬁ@ebl&é’ll%%_sTQ?i@:QE%ySHré?E@ePf t he

groove (w thout post 20 processing) had a center 1 ne average roughness Ra
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t he opposite sid f.the .groov o surface of the polishing | ayer 25
sheet by usfé%ﬁ%én%é%¥éﬁ%ﬁﬁh%% F%$%§uc$§%ﬂ'of Pol i shing Pad [0141] A
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(manufactured by Amitec) to form a sheet having the desired

thickness (sheet thickness: 1.27 mm}). The buffing treated
sheet for the polishing layer had an average cell diameter
of 45 um, a specific gravity of 0.86, a hardness of 53, a
10 compressibility of 1.0%, a compression recovery of 65.0%
and a flexural modulus of 275 MPa. The buffing treated
sheet was punched into a disk having a diameter of 24
inches (610 mm), and concentric circular grcocoves having a
depth of 0.8 mm, width of 0.25 mm and pitch of 1.5 mm were
15 formed on the surface of the sheet by using a surface
groove processing machine (Toho Engineering) to prepare the
pclishing layer sheet having groove processed polishing
surface.
[0138] The inner surface of the groove (without post
20 processing) had a center line average roughness Ra of a
roughness curve of 7 to 20 um.
[(0140] A double-coated tape (double-tack tape manufactured
by Sekisui Chemical Co., Ltd.) adhered to the opposite side
of the groove processed surface of the polishing layer

25 sheet by using a laminator.
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I ndustries, Inc.) (thickness, 0.8 mm having a surface brushed with a buff
and subjected to corona treatnent as a 5 cushion |ayer was |lamnated to the
adhesive surface of the double-coated tape on the polishing |ayer by using
a lamnator. In addition, a double-coated tape adhered to the opposite
side of the cushion |ayer by using a |am nator to prepare a polishing pad.
10 [0142] The abrasive properties of theggesulting polishing pad were
nmeasured or evaluated. As a result, a silicon wafer polished by using the
pol i shing pad had scratches after polishing for 15 hours, and the abrasive
dust and abrasive slurry mere unusually renained in the grooves. 15
(Exanple 2) [0143] 1Q€ gg % sh a éether-based ur et hane
prepol yner (Adi prene uf%ctu? v b§ % ? yal, NCO content: 2.22

meq/g) filtere nd 3 arts we cone nqQni onj.c
Surt skt ant | (G Krebd Gty e2nby t S ol 9%&"%?5’60%{% SRS S rar g
were introduced |nto a quorlne coated ves and m xed, and_t he
t enper at ur et BEsS t e it af Hed! tbt%b%¥HQ%%'n?x§u?@ JWBRVYRGof ofi&F f3SFirred for
about 4 m nutes at about 900 rpm by using a fluorine coated stirrer with
|ntrodu0|ngp%?$h¢%t%P?%a%t¢%ﬁfp@%@e%%bj?%t?@ par £srpyaver ghtmept as a
4,4' -met hyl ene-bi s(o-chloroanjiline) 66 (lhara Cuam ne MI nmanufactured by
| har a Themi @ashiglusaysy Waf evibisdiederfethat adbocigpdserfaeredindse
i ntroduced

double-coated tape on the polishing layer by using a

laminator. In addition, a double-coated tape adhered to
the opposite side of the cushion layer by using a laminator
to prepare a polishing pad.

10 [0142] The abrasive properties cf the resulting pclishing
pad were measured or evaluated. As a result, a silicon
wafer polished by using the pclishing pad had scratches
after polishing for 15 hours, and the abrasive dust and
abrasive sliurry were unusually remained in the grooves.

15 (Example 2)

[0143] 100 parts by weight of a polyether-based urethane
prepolymer (Adiprene L-325 manufactured by Uniroyal, NCO
content: 2.22 meq/g} filtered and 3 parts by weight of a
silicone-based nonionic surfactant (SH192 manufactured by

20 Toray Dow Corning Silicone Co., Ltd.) were introduced into
a fluorine coated vessel and mixed, and the temperature was
maintained to 80°C. The mixture was vigorously stirred for
about 4 minutes at about 900 rpm by using a fluorine coated
stirrer with introducing air into reaction process. 26

25 parts by weight of 4,4'-methylene-bis{o-chlorcaniline)
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After stirring for about 1 mnute, the m xed reaction solution was
introduced into a fluorine coated 5 pan-type open nold. Wen the reaction

solution did not flow, the nold was put in an oven and post-cured at 110C
for 6 hours to produce a foaned pol yurethane resin block. This foaned
pol yur et hane resin block was sliced by a slicer of band saw type

(manuf actured by Fecken) to obtain a 10 fganmed pol yuret hane resin sheet.

sheet was buffing treated with a buff (manufactured by Amtec) to forma

The

sheet having the desired thickness (sheet thickness: 1.27 mm). The buffing

treated sheet for the polishing |ayer had an average cell diameter of 45

um 2 SPect (1. L avkiyi 0l w2 RaB0ral haLdness Aha3cnBng0Rr eRsbaLLILY of

conpressi on recovery O
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was neasured and 67 the shape of the groove, ;surface burr and wear of the
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10

15

20

25

flow, the mold was put in an oven and post-cured at 110°C
for 6 hours to produce a foamed polyurethane resin block.
This foamed polyurethane resin block was sliced by a slicer
of band saw type (manufactured by Fecken) to cbtain a
foamed polyurethane resin sheet. The sheet was buffing
treated with a buff (manufactured by Amitec) to form a
sheet having the desired thickness (sheet thickness: 1.27
mm) . The buffing treated sheet for the peclishing layer had
an average cell diameter of 45 pm, a specific gravity of
0.86, a hardness of 53, a compressibility of 1.0%, a
compression recovery of 65.0% and a flexural modulus of 275
MPa.

[0144] The buffing treated sheet was punched into a disk
having a diameter of 24 inches (610 mm), and concentric
circular grooves having a width of 0.25 mm, depth of 0.40C
mm and pitch of 1.5 mm were formed on the surface of the
pelishing layer sheet by using a surface groove processing
machine. A feed speed cof a groove processing tool was No.l
shown in the following Table 2. The surface roughness of

the resulting groove processing surface was measured, and



shown in the following Table 1 and Table 2. A doubl e- coated tape
(doubl e-tack tape manufactured by Sekisui 5 Chemcal Co., Ltd.) adhered to
the opposite side of the groove processed surface of the polishing |ayer
sheet by wusing a lam nator. A cushion sheet (polyethylene foam Toray PEF
manuf actured by Toray Industries, Inc., thickness: 0.B mm having a surface
brushed with a buff and 10 subjected to°torona treatment was |aminated to
t he adhesive surface of the doubl e-coated tape on the polishing |ayer by
using a lamnator. In addition, a doubl e-coated tape adhered to the opposite
side of the cushion |ayer by using a |lamnator to prepare a polishing pad.
15 ( Exanpl €18) shepgspiThEeparPreNieng Spad avss Pirep we Igéderifed in
Exanpl e 2 except that the feed speed of a groove processin tool was No. 4
shown in t HEOPTEI BRPAGSTable T20 1T rsuefvadela fesughféss sy raEgsul ti ng
groove processing surface was 20 neasured, and the shape of the groove,
surface buenoandinwshe dbltlhe igoded lpr dcessl Tgltlool2 werfe davidllieat ed. The
results are shown in the following Table 1 and Table 2. (Conparative
Exanpl e 2) cp@146] tThe pobubhiendapad haas preepdieedt e dddscrddieicsuin 25 Exanpl e
2 except that the feed speed of a groove processing 68 tool was No.1l1l shown
in the fol chetngalable ,2Ltthe suhf-aeel trooughnessofitichesraxswd ittge gr oove
processi ng surface was
grocve processed surface of the poclishing layer sheet by
using a laminator. A cushion sheet (poiyethylene foam,
Toray PEF manufactured by Toray Industries, Inc.,
thickness: 0.8 mm) having a surface brushed with a buff and
10 subjected to corona treatment was laminated to the adhesive
surface of the double-coated tape on the polishing layer by
using a laminator. In addition, a double-coated tape
adhered to the opposite side of the cushion layer by using
a laminator to prepare z polishing pad.
15 (Example 3)
[0145] The polishing pad was prepared as described in
Example 2 except that the feed speed of a groove processing
tool was No.4 shown in the following Table 2. The surface
roughness of the resulting groove processing surface was
20 measured, and the shape of the groove, surface burr and
wear of the groove processing tool were evaluated. The
results are shown in the following Table 1 and Table 2.
(Comparative Example 2)

[0146] The pelishing pad was prepared as described in

25 Example 2 except that the feed speed of a groove processing



- e — !
measured, and the shape of the groove, surface burr and wear of the groove
processi ng tool were evaluated. The 5 results are shown in the follow ng
Table 1 and Table 2. [0147] The abrasive properties of the polishing pads
of Exanples 2 to 3 and Conparative Exanple 2 were evaluated. The results
are shown in the follow ng Table 1. [0148] Table 1 Conparative Exanple No.
Exanple No. 1 2 1 Surface 5.57 8.59 12.34 roughness Ra Abrasive rate 2300
2300 2350 (A/m n) Nunber of scratches 53 76 178 (per a wafer) 10 [0149]
Tabl e 2 Feed speed of groove No. processing tool (mmn) TS G oove Burr W
(sec) shape 1 2 341 0.01 0.03 0.051.001.00fl OA 20.010.030.050.08

-000 3401 8030.05 showd & Onéd 019:03 Table £.0 Pre surface

roughness of the resulting grcove processing surface was

measured, and the shape of the groove, surface burr and
wear of the groove processing tool were evaluated. The

5 results are shown in the following Table 1 and Table 2.
[0147] The abrasive properties of the pelishing pads of
Examples 2 to 3 and Comparative Example 2 were evaluated.
The results are shown in the following Table 1.

f0148] Table 1

Comparative
E .
xample No | Example No.
1 2 1
Surface 5.57 8.59 12.54
roughness Ra
Ab i t '
rasive rate 2300 2300 2350
(A/min)
Number of
scratches 53 76 178
(per a wafer)
10 [0149] Table 2
Feed spged of groovel T Groove
No. | processing tool (m/min) Burr W
(sec) shape
1 2 3 4
1 !¢c.01 [0.03 [0.05 l1.00 1.00 A 0 it
2 10,01 {0.03 j0.05 |0.08 - o o o
3 [0.01 j0.03 |0.05 - - o} o o
4 0.01 10.03 - - - o o] o
5 {0.03 [0.05 (0.08 (1.00 - o iy o
& {(0.03 (0.05 [10.08 - - c A o




-
50.030.050.081.00-0p0O 60.030.050.08--0°fl 069 7 0.030.05-

opo

8 0.0l - oox 9003--040 100.05- - xxo0 11 0.08 -

O 12 1.00 - - X X0 13 2.00 - - - x x 4 Ts: Stop tinme of groove
processing tool W War of groove processing tool [0150] As apparent f
the results of Table 1, the polishing pads of Exanples 2 to 3 had snaller

surface 5 roughness of the groove procesgyng surface and snaller
scratches than the polishing pad of Conparative
pads of Exanples 2 to 3 had

- X X

rom

nunber of
Exanpl e 2. The polishing
excel | ent abrasive properties as conpared with

the polishing pad of Conparative Exanple 2. 10 [0151] On_the other hand, in
t he poli ghinng| pagsof o Goyrparati ve Exanpl e .2 prpduged wi t hout thegnet fod of
pr oduci nC the pn[i S 1iJ19 . d_of ¢ e_pregent invention lthe abrasive rate was
not redudeds botothe nmunber of scratches -was Vvery |arlge @nd t hexburrf on the
surface gi—t+he—pad—irom-15—groove—precessihrg—was—targely—degraded—d152] As
descri bed d@oye,08he feed |speed bf-a grnoove A 4 o

10 0.05 - - - - b4 bd o]

11 0.08 - - - - X X o

12 1.00 - - - - X X 0

13 |12.00 - - - - X P4 i

10

15

Ts: Stop time of groove processing tool

W: Wear of groove processing tool

[0150] As apparent from the results of Table 1, the
pclishing pads of Examples 2 to 3 had smaller surface
rcughness of the groove processing surface and smaller
number of scratches than the polishing pad of Comparative
Example 2. The polishing pads of Examples 2 tc 3 had
excellent abrasive properties as compared with the
pclishing pad of Comparative Example 2.

[0151] On the other hand, in the polishing pad of
Comparative Example 2 procduced without the method of
producing the pclishing pad of the present invention, the
abrasive rate was not reduced, but the number of scratches
was very large and the burr on the surface of the pad from
groove processing was largely degraded.

[0152] As described above, the feed speed of a grcove
processing tool in the polishing pads of Examples 2 to 3
and Comparative Example 2 are No. 1, No. 4 and No. 11 shown

in Table 2, respectively. The feed speed of the groove



processing tool in the polishing pads of Exanples 2 to 3 and Conparative
Exanple 2 are No. 1, No. 4 and No. 11 shown in Table 2, respectively. The
feed speed of the groove 70 processing tool is stepwise varied in No. 1 and
No. 4, stepwi se increased in No.4, and increased or decreased in No. 1. In
No. 1, there is a tine that the feed speed is zero at the position of
reachi ng the groove processing tool 5 t % he desired groove depth. [0153]
On the other hand, No. 11 is a conventional nmethod of producing the
polishing pad that the feed speed of the groove processing tool is constant
in the groove processing_ step. In the polishing £ads of Exanples 2 and 3,
the 10 gr o V&S SRR toeciise STedtangt eV 3kte T ohal Nahabe2hd'a féw surface
burr on the groove processed surface are obtained by stepw se varying the

f eed speed JfeavHe gridsregsast dssiNg: 4 4 ovnd asneheawed o Nodearaagefoin4. On
the other hand, in the polishing pad of Conparative Exanple 2, since the
feed 15 spé&d ils. camstNmnt las tShrown i Notinmd, thae Sleetiondl sshapelisof the
groove is not precise rectangle and the groove has nmany surface burrs on

t he groove grwresseathes wdsadelor o f WWACh Sn CLEhM/ED ¢ Sre lprédesesi conduet or

waf er polishing pad having grooves in a polishing surface and forned froma
foanmed poltwurtetdaie; i mhereidoee pigeegssed surface of the groove

{01531 On the other hand, No. 11 is a conventional method
of producing the polishing pad that the feed speed of the
groove processing tool is constant in the groove processing
step. In the polishing pads of Examples 2 and 3, the

10 grooves having precise rectangle sectional shape and a few
surface burr on the groove processed surface are cbtained
by stepwise varying the feed speed of the groove processing
tool as shown in No. 1 and No. 4. On the other hand, in
the polishing pad of Comparative Example 2, since the feed

15 speed is constant as shown in No. 11, the sectional shape
of the groove is not precise rectangle and the groove has

many surface burrs on the groove processed surface.



conprising a side surface and a bottom surface has a surface roughness Ra
of not nore than 10. 2. The polishing pad according to Claiml, wherein the
processed surface of the groove has asgsurface roughness Ra of 1 to 9. 3. A
met hod of producing a sem conductor wafer polishing pad conprising a step
of mechanical cutting by stepw se varying a feed speed and feed anount of a

groove proGgasst g taaltMed fxgim concentric circul ar grooves having
rectangl e sectional shape on the polishing surface. 4. The nethod according

to Qaim3, juneroin the staRuofoformiagethe gpoouasngoOTPLLses H00RiNg the

feed of the ‘groove processing tool for a certain ti the position that
the groove processing tool. reaches a.desired.depth. 5. Jhe neth accordi ng
to C aigfﬁ%‘?‘P%erl@i nt hgogf‘gé&ngpegargﬁaef eaéladan%%rnr{‘ecgf %_I%YP ooave%%ragggssi ng
tool are  stepw se varied and increased in_order of pre%edence. 72 6. The
met hod RRCBFATF YRS whdr ePROERBEHDI | SHFA§CPad s FoEnedHTH a

f oamed pol yur et hane.
compriging a side surface and a bottom surface has a surface

roughness Ra of not more than 10.

2. The polishing pad according to Claim 1,
wherein the processed surface of the groove has a surface

roughness Ra of 1 to 9.

3. A method of producing a semiconductor wafer polishing
pad comprising a step of mechanical cutting by
stepwise varying a feed speed and feed amount of a groove
processing tool to form concentric circular grooves having

rectangle sectional shape on the polishing surface.

4., The method according to Claim 3, wherein the
step of forming the grooves comprises stopping the feed of the
groove processing tool for a certain time at the position that

the groove processing tool reaches a desired depth.

5. The mwethod according to Claim 3, wherein the
feed speed and feed amount of a groove processing tool are

stepwise varied and increased in order of precedence.
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6. The method according to Claim 3, wherein the

polishing pad is formed from a foamed polyurethane.



