1 RESCRI PTI ON POLI SHI NG PAD, METHOD OF PRODUCI NG THE SAME AND METHCD 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 polishing 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
usi ng the polishing pad. Backgroun@EACRIFIO02] Recently, in seni conduct or
integrated circuits, the device size have been scale down and the
i nt egr at i onPRaS SHIBGHEAR ,i MBITHWEd OFa RROPUCIINGD ITdiEe SMMEQ Ahs MEAHODr &@FUi r ed.
In addition, the device structure has been conpl ex and three- dinensional.
The scal e d8RODHESNGe EEMACOMNMYICTORe DENY CEN®Y UFING @HENISAME i cro processi ng
technique in the manufacturing process of a sem conductor device, 25
particularly high resolution in photolithography process r 2
5 Technical Field
[0001] The present invention relates to a polishing pad
used for pelishing a material to be polished, a method of
producing the polishing pad and a method of producing a
semiconductcr device by using the polishing pad. Mcore
10 particularly, it relates to a pclishing pad used for
planarizing inter layer dielectrics and the like by CMP
(chemical mechanical pelishing) in the manufacturing
process of a semiconducteor device, & method of producing

the polishing pad and a method of producing a semiconductor

15 device by using the pclishing pad.

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

25 particularly high resclution in photeoclithography process



. Which transfer a circuit pattern to photosensitive organic film (photo
resist) coated on a silicon wafer. In the photolithography process,
techni ques of exposure by using a |light source of shorter wavel ength have
been devel oped. A 5 nethod of conpensating the deficiency of the depth of
focus to assure the resolution wthout defocus of a mcro pattern by
reduci ng unevenness in the device structufe as possible has been attenpted.
[ 0003] As a nethod of planarizing the unevenness in the 10 device
structure, the CW nethod, to which mrror surface processing of a silicon
waf er was applied, has been used. An apparatus for generally using in the
CVP net hod W& ishowiangy erefecéfca lito PRitgerD tPhéhoMR sepsdrtatiss afsed iion t he
CW nethod is provided with a polishing platen 2 for supporting 15 a
pol i shing pddlr dipdolict FegistpperEiteg strard sipgdldoshiveg erhead)r 3 Heor
supporting a naterial to be polished 4 (such as a sem conductor wafer). The
pol i shi ng pbaltérl2 tand rapdy SuPEests; ng ssthandiuE sarcd axparsgest suchigimat 4 he
polished pad 1 and the material to be polished 4, both of which are 20
support ed by ithémsocare copgo st rite re aely edtemerch ared & e erpaldavsiliorgdpl atten and
the supporting stand are constituted to be capable of rotating around
rotating shaktthod afdcompelsatnatgerthal ded ihe epaly sifed idergtuckc doduse
supporting stand 5 which is provided with a pressing nechanismfor 25
pushi ng t he toatesivale tthicbeepallishec 4 iamomtt e faehisshing hicro pattern
by reducing unevenness in the device structure as possible
has been attempted.
[0003] As a methed of planarizing the unevenness in the
10 device structure, the CMP method, tc which mirror surface
processing of & silicon wafer was applied, has bkeen 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 pelishing platen 2 for supperting
15 a polishing pad 1 and with a supporting stand (pclishing
head) 5 for supporting a materiazl to be polished 4 (such as
a semiconductor wafer). The polishing platen 2 and the
supperting stand 5 are arranged such that the polished pad
1 and the material to be polished 4, both ¢f which are
20 supported by them, are opposed to sach other, and the
poelishing platen and the supporting stand are constituted
to be capable of rotating around rotating shafts 6 and 7.
The material to be polished 4 is stuck on the supporting

stand 5 which is provided with a pressing mechanism for

25 pushing the material to be polished 4 onto the polishing



,pad 1 at the tinme of polishing (not indicated). Abrasive (slurry) 3
-feeding nechanism8 is to feed an abrasive suspension having abrasive
grains such as silica particles dispersed in an alkali solution to the
polishing pad 1 on 5 the polishing platen 2. In addition, the CWVP apparatus
conprises dresser having abrasive grains of dianond el ectrodeposited or
melt bonded thereon to dress the surface3of the polishing pad (not
i ndi cated). [0004] As an exanple of the nethod, there is a nmethod 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 mechani smwhile
f eedi ng an alcadi vé¢ $lhgr tyimef cdmpcle sabirasi e tsliurdiysatestli .ng Aewtsdniesm 8 to
the center portion of the polishing pad to polishing the wafer. In 15 the
CVP et hod, (milorayscrBatdheesion treeHzayiem t80 ire tpolfieshedn sdotresasret he i nter
| ayer dielectrics of the wafer, the dispersion of the abrasive rate and
poor uni f or miutsy eofs itome haatinas iave aamoentg v ity s udie asurdidde sofpaar tsiidlieson
wafer are problem 20 [0005] In order to restrain the formation of the
mcro scratidhesrsdd i recessany tshdtumhmasioreiusio lafsiiey geel ilshiong pad
and di anond of the dresser forned during dressing of the polishing pad,
inter lsayer tticeleqtitshdsg rabkrasi ve dusi Lefdithenafere amb ugedralrasi ve
slurry 25 (collectively, abrasive waste) are discharged to the 4
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 method, there is a method of
10 dressing the polishing pad by dresser, rotating the shafts
& 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 8 to the center
portion of the peclishing pad to peclishing the wafer. 1In
15 the CMP method, micrc 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 of the micro
scratches, 1t is necessary that abrasive dust of the
polishing 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



. exterior of the polishing pad. In the conventional CWP apparatus, the
abrasi ve waste is discharged by continuously feeding the abrasive slurry to
the center portion of the polishing pad in a sufficient amount. In case of
formng a 5 dressed |layer on the polishing pad by dressing and then
polishing the wafer while feeding the abrasive slurry described above, the
abrasive slurry is pushed out by centriftigal 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
pol i shing pad w thout concerning the polishing to consune excess abrasive

slurry, whi &tiesiepedfsithe HOees]ing ferder o Wis seinrentheprlobehs,
various attenpts have been made in the polishing nmethod to inprove the 15
abrasi ve pr ep@ettisgsisof thise afateeriival wee tse Jgoldishethr by advdmnucherley have
been various attenpts with respect with grooves for renaining abrasive
slurry on t Heegsdnios hitveg absarsfiatse slndt i Sehartg ngeriter [B007AonN ) dgenese
Pat ent No. 2647046, a polishing pad 20 conprising grooves for flow ng
abr asi ve fommEd shirncheaichner & porifiien eartd dantmeirout erlrparageorp off drwe reuref ace
of the polishing pad, and a plurality of pores for retaining the abrasive
for med Son t hiresisefcacde vefr tore o st redn ipad patdhéyy dresss itrhve gt tihem t hat t he
grooves are formed, is disclosed. 25 As one enbodi ment of the polishing pad,
t he polishi mgpliathimg the wafer while feeding the abrasive slurry
described above, the abrasive slurry 1s pushed out by
centrifugal force from the rotation of the polishing pad
and by pushing the wafer onto the polishing pad. Therefcre,
10 the abrasive slurry is almost discharged to the exterior of
the peolishing pad without concerning the pelishing to
consume excess abrasive slurry, which is expensive,
[0006] In order to dissclve the prcoblems, various attempts
have been made in the polishing methed tc improve the
15 abrasive properties of the material to be polished. Among
them, there have been various attempts with respect with
grooves for remalining abrasive slurry on the polishing
surface and discharging it.
[0007] In Japanese Patent No. 2647046, a polishing pad
20 comprising grooves for flowing abrasive formed in the inner
portion 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, is disclosed.

25 As one embodiment ¢f the pclishing pad, the polishing pad



. conprising lattice pattern groove fornmed in the center portion and the
peri pheral portion of the surface of the polishing pad, and pores forned in
a portion between center portion and the peripheral 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
usi ng a processing apparatus generally used for that purpose. The technical
ef fects of reducing the unusual retainment of the abrasive slurry based on
the 10 bal ance between feedi ng and di scharging the abrasive slurry are not
particularly disclosed. The term"unusual retainnent" used herein means
that the reCaMPFERENET lEhd 1cgbiradibea sV e Samgdarigeliiensierdifitf orm st at e
on the polishing surface of the polishing pad, which has a bad 15 effect on
pol i shi ng apwattéoinalando the pelriished al] ¢EO8]1dm Japgdrre se rPacento Kokai
Publ i cation No. 249710/1998, a polishing pad conprising grooves fornmed such
that the grodviehshapeageormet ipoaldsy feaviaty i@ centeert lic docarstan cardert he
polishing pad. It is described to dissolve a problem 20 of transferring the
groove shapectrd i@rsianidc ameanafeeri phprede ssed: it degr atts dridamiifrorfnd.y by t he
eccentricity of concentric circular groove to the polishing pad. However,
it is &iffiChlet plooregs eventf drimedabimasirnvead atreed et kenczeityerus ipey tduwirchefs t he
waf er from degrading. In addition, the 25 technical effects of reducing of
t he unusual aretaamigerentn a¢f 16ne 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 of 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 peolishing a material to be polished.
[CO0B] In Japanese Patent Kokai Publication No. 249710/1998,
g2 polishing pad comprising grooves formed such that the
groove shape gecmetrically having a center is eccentric to
the polishing pad. It is described to dissolve a problem
20 of transferring the groove shape to a silicon wafer
processed 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 cof the wafer from degrading. In addition, the

25 technical effects of reducing of the unusual retainment of



. the abrasive slurry based on the bal ance between feeding and discharging
the abrasive slurry are not particularly disclosed. [0009] In Japanese

Pat ent 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 #nprove the wuniformity of the
pol i shing. However, the technical 10 effects of reducing of the unusual

retai nment of the abrasive slurry based on the bal ance between feeding and
di scharging the abrasive slurry are not particularly disclosed, and it is
di fficult td&henphoees itve sunitftor fasedofon the golliaiiande S qrodrHdiny Japanese
Pat ent Kokai Publication No. 198061/2000, a polishing pad conprising plural
| oop gr oovesirand iglalealg inst réamdbineed vy cowes v s seltoged  t dqulitaw ol i shi ng
pad, it is attenpted to positively control the flow of the abrasive slurry
by form ng thewmeeves into the stream 20 |ined shape. However, in the
polishing pad, it is problem that the abrasive slurry necessary to
pol i shing fl[®AGutIn alagrgdse Pettresamid keeid Ryrkdaves.idm Naddi'td 0653/ 1985,
technical effects of reducing of the unusual retainnent of the abrasive

slurry hased qmoltithibal ance doetoxeen rieedi Mg sand:a2e disschary gilng-dlhe abrasi ve
slurry are not particularly 7
concentric circular grooves and a seccond 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

1C 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
discliosed, 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 grcoves and plural
stream-lined grooves is disclcsed. In the polishing pad,
it is attempted tc 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 grcoves. 1In 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



.disclosed, and the uniformty of the polishing is not sufficiently
obt ai ned. [0011] In Japanese Patent Kokai Publication No. 224950/2002, a
pol i shing 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 snmoothly by form ng the grooves
into the arc bottom shape. In the polishﬁng 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 invehtforesd Ay Bttt hio et ey i af the pee bbih sMed § s'dare  waf er

or glass substrate. Moreover, the unusual retainnment 15 of the abrasive
slurry basedwhi theebal aride- dets®en feeding and di scharging the abrasive
slurry are not discussed in case of using porous nmaterial as the polishing
| ayer as deb@@1bkdh natmnggesentenhviénkd bnPupDod2tieom Napateded Pat e
Kokai Publication No. 9156/2004, 20 a polishing pad conprising grooves, of
whi ch the i mnepol sihinEcdscansurfbee ¢oughmessa oinmorr qoseapddneotgm  on
the polishing surface. In the polishing pad, the surface roughness of the
i nner surfaceo dfreenygrdoverisaconsi dbnedy e sedacelnoughhesshef the
groove is obtained for the 25 groove formed by cutting the polishing surface
mat eri al or ®lishing pad, it is attempted to control the flow of the

abrasive slurry smocthly by forming the grooves into the

arc bottom shape. 1In the polishing pad, the shape of the

groove and the surface roughness thereof are considered.

10 However, it is different from the present invention in view
that the polishing surface material 1s round graphite cast
iron. In additicn, it is different from the present
invention in view that the material to be peclished is bare
wafer or glass substrate. Morecver, the unusual retainment

15 of the abrasive slurry based on the balance between feseding
and discharging the abrasive slurry are hot 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 polishing pad comprising grooves, of which the inner
surface has a surface roughness of not more than 20 um, on
the polishing surface. In the polishing pad, the surface
roughness ¢f the inner surface of the groove is considered.

The surface roughness of the groove is obtained for the

25 groove formed by cutting the polishing surface material or



,molding it in a nold. It has been found froman additional test by the
present inventors that it is difficult for the 1inner surface of the groove
to have the surface roughness of not nore than 20 pmin case of form ng the
groove on the 5 pore material by the above nethod. Therefore, a main object
of the invention is the select of the polishing |ayer material rather than
a method of forming grooves, which is different fromthe present invention.
In addition, the unusual retainnment of the abrasive slurry based on the 10
bal ance between feedi ng and di scharging the abrasive slurry are not
di scussed in case of using porous material as the polishing |ayer as
descri bed i malisd ngr ddent! ianyenitd on. It [feELdeqrn ﬁs:rlmé kel s G1AAE temal
problens, a polishing pad for processing sem conductor device that
concentric I®sdi koultare grosvees Haviang aighthangl e Jed gl Brlecyldy e dthea he
upper edge portion of the groove and groove processing tool are disclosed
i n Japanese 1Pategnts Kdleaie RubltlcatdrmeWosio NMeBK64912001r Zavk 184780/<2302, and
a fine groove processing machine, processing tool and method of processing
for 20 formalg rednaente ithagi radduliar igr aoaees of Jatniinge Pat terapvegraoovdeon
sem conductor polishing pad for CMP processing are disclosed in Japanese
Pat ent KokaipcdRublmagetnian Mo, thELGR 200 tHOD.14]|THardfrer pold stding pad
di scl osed in Japanese Patent 25 Kokai Publication Nos. 181649/2001 and
184730/ 2002 ,04ijtedts & the invention is the select of the pclishing
layer material rather than a method of forming grooves,
which is different from the present invention. 1In addition,
the unusual retainment of the abrasive slurry based on the
10 balance between feeding and discharging the abrasive slurry
are not discussed in case of using pcrous material as the
polishing layer as described in the present invention.
[0013] In order to dissolve the problems, a polishing pad
for processing semiconductor device that concentric
15 circular grooves having right-angie edge are formed at the
upper edge pcrtion of the groove and groove processing tool
are disclosed in Japanese Patent Kokai Publication Nos.
181649/2001 and 184730/2002, and a fine groove processing
machine, processing tool and method of processing for
20 forming concentric circular grooves or lattice pattern
groove on semiconducteor polishing pad for CMP processing
are disclesed in Japanese Patent Kokali Publication No.
11630/2002.
[0014] In the polishing pad disclesed in Japanese Patent

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



, easy. to control the flow of the abrasive slurry between the device surface
to be polished and the upper surface of the pad by form ng concentric
circul ar 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 @&ffectively planarized by the CW
processi ng nethod. 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 not sufficiently obtained. [0015]
In the poli siing fvadadsprl sinfy fliave off ddve i siete dyutthe ptomsan the
processi ng tool disclosed in Japanese Patent 15 Kokai Publication No.
11630/ 2002, dehe ar o8k fsant iton whape! ofhedearyt odve Uppgiotsst Ehte,c anthd he
flowability of the abrasive slurry varies every pad. Therefore, scratches
are easily dear fed,fcamd rst abireseabraisi vel projper tgessowre motinguffgleient |y
obtai ned. 20 [0016] In the above polishing pad disclosed in Japanese Patent
Kokai Publi catglensddiess 81649/ 2080, dB84AVE0/20021 @andin 1634 2002, i@dges at
the corner portion in cross section of the groove is right-angle by

speci fyd ng tdwel shipestofng hehe cutdtiing cdgeh aind hel grioovie processieg tool

thereby it is 25 attenpted to restrain the occurrence of dulled edge and 10
specified ranges, and it is expected that hydroplaning is
restrained and the soft metal surface c¢f 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 not
sufficiently obtained.

[0015] In the polishing pad comprising 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 stable, and the flowability of the
abrasive slurry varies every pad. Therefore, scratches are
easily formed, and stable abrasive properties are not
sufficiently cobtained.

20 [0016] In the above polishing pad disclosed in Japanese
Patent Kokal Publications Nos. 181649/2001, 184730/2002 and
11630/2002, edges at the corner portion in cross section of
the groove 1s 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



.burr-on the wall surface of the groove. Stable abrasive properties are not
sufficiently obtained only by specifying the shape of the cutting edge of
the groove processing tool. 5 Disclosure of Invention (OBJECTS OF THE
I NVENTI ON) [0017] A main object of the present invention is to dissolve
probl ens at the sane tine, such as the occurrence of scratches, the
non-uni formty or deterioration of the 10 1&br asi ve rate, the non-uniformty
wi thin wafer of the abrasive anmount, the consunption of excess abrasive
slurry and the suitable retainment of the abrasive slurry between the
material to be polished and. the Folishing pad in a polishin% Ead,used for
pl anari zi ng PWterCt aye? el eBEF 125 18T ahl®t RECPYRe by - RS (ERERT E4E
mechani cal polishing) in the manufacturing process of a sem conductor
devi ce, a netHoRPIbiehHratRcing $hel ot PRRAEHgOPRE - ARE ar kBt RBdSBECHEBHLEI ng a
sem conduct or device by using the polishing pad. [0018] By dissolving the
probl ens at the shweet¢hethe heutbonpredsnt of nveat BACPEoRFEessaipel £8hi ng
pad used for planarizing inter layer dielectrics and the |ike by CWP
(chem cal nechanical polishing) in the manufacturing process of a
sem conduct or device, a nethod of producing the polishing pad and a nethod
of prodbci ngPesckesevadott brvestideni ce by using the polishing pad. 11
[ 0019] The polishing pad of the present invention is
(OBJECTS OF THE INVENTION)
[0017] A main object of the present invention is to
dissclve 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 of the
abrasive amount, the consumption of excess abrasive slurry
and the suitable retainment ¢f the abrasive slurry between
the material to be polished and the polishing pad in a
polishing pad used for planarizing inter layer dielectrics
15 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 device by using the polishing 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 semicconductor device, a method of producing

the pelishing pad and a method of producing a semiconductor

25 device by using the polishing pad.



. suitably used as a polishing pad used for planarizing a material to be
polished by CwP (chem cal nechanical polishing) in order to dissolve
problens at the sane tine, 5 such as the occurrence of scratches, the
non-uniformty or deterioration of the abrasive rate, the non-uniformty
wi thin wafer of the abrasive anount, the consunption of excess abrasive
slurry and the suitable retai nnment of thellabrasive slurry between the
material to be polished and the 10 polishing pad. In order to dissolve the

problens at the sane time, the polishing pad of the present
pol i shing pad conprising grooves on a polishing surface and

invention is a
formed froma

f oamed pol yUo$U¥dn&heofpradhisthirey prastesseédhe sundsrd: ofnudret igirodve conpri si ng
a side surface and a 15 bottom surface has a surface roughness Ra of not
nore than Huita@020]JusEre ger esentliighieny iped nedeat €51t @ laarsseni cigrd uct or

waf er polishing pad conprising grooves on a polishing surface and forned
from a foamechtgaliyir etchare podhiestedid ey Z04pr (cdessieth Isuwrdf@cn iafalt he groove
conprising a side surface and a bottom surface has a surface roughness Ra
of not nore pdihahitey) [i002kjddm tar ders dod yputp idiel e senttienvendd aninat o a
nore suitable practical application, it is preferable that the 25
processed suwiiaAce OftHhe @nooehduve aostidacs r aughness-\Ra fldmiofy bt o 9.

deterioration of the abrasive rate, the non-uniformity

within wafer of the abrasive amount, the ccnsumption of

excess abrasive slurry and the suitable retainment of the

abrasive slurry between the material to be polished and the

10 polishing pad. In 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 fcoamed polyurethane, wherein a

20 processed surface of the groove comprising a side surface

and a bottom surface has a surface roughness Ra of not more

than 10,

[0021])] In crder tc 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



.[0022] In another enbodi nent, the present invention relates to a

sem conduct or wafer polishing pad conprising a polishing |ayer, wherein the
polishing layer is formed fromb5 a porous naterial, 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 suigace. [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 |ine average
roughness Ra of a roughness curve of 1.0 to 5.0 pm the groove have a depth
of 0.5 1to 1. he polishing |layer be formed froma porous nmateri al
havi ng an a&gfgng di aneter of 20 to 70 pn1 15 the wherein the polishing
| ayer have a s eC|f|c gravity of 0.5 to 1.0 g/cm; the polishing | ayer have
a conpr essi Ji9943] df @y theg ?Wd%nf?éltpoﬁ%lm@eq%%r”h%%”hd?edlﬁé%@ss of 45
to 65; 20 and the polishing pad further conprise a cushion |ayer and the
cushi on | ayé® RadE G UErdn esst e h e e 1 1gb1 R athi FJiR By g [20024] In
further enbodi ment, the present invention relates 25 to a nethod of

produci ng a BsenistdRduditore afBre ol sHihga3! Sihaty ot sishgf eradf sm

mechani cal cutting by stepw se .
a porous material, a poclishing surface of the polishing

layer has grooves, and at least one portion of the inner
surface of the groove has a non-porous surface.
[0023] In order to put the present invention into a more
suitable practical applicaticn, it is preferable that:
10 the non-porous 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 average cell diameter of 20 to 70 pm;
15 the wherein the polishing layer have a specific
gravity of 0.5 to 1.0 g/cm’;
the pelishing layer have a compressibility of 0.5
to 5.0%;
the polishing layer have & hardness of 45 to 65;
20 and
the polishing pad further comprise a cushion
layer and the cushion layer have lower hardness than the
polishing layer.
[0024] In further embodiment, the present inventicn relates

25 to a method of producing a semiconductor wafer polishing



. varying a feed speed and feed anount of a groove processing tool to form
concentric circular grooves having rectangle 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 tinme at the position that the groove processing tool
reaches a 10 desired depth; the feed speed and feed anmount of a groove
processing tool are stepw se varied and increased in order of precedence;
and the polishing pad be formed froma foanmed 15 pol yurethane. [0026] In
yet further penbodivperntsinche mpiegentt imavemtriiorl reitdtieyy ty & etwice: of
produci ng a sem conductor device conprising a step of polishing the surface
of a sem conductiory wafferedbypusidngriche geal isshiung pad sofgrchere 20 qareesseinty
invention. [0027] In the polishing of the sem conductor wafer and the |ike
by usi ng t heopdl itshifegnpadmaferithe preasentl amvupniigvdd hdw mpossdiandie
di ssol ve problens at the sane tine, such as the non-uniformty or
deteriorati cecafidrize abr=asi e rafee pAS dhievgnanmmidarmty wi t hin waf er of
the abrasive ampunt, the 14 consunption of excess abrasive slurry and the
sui t abl= [0025] In order to put the present invention into a more
suitable practical application, it is preferable that:
the step of forming the grcoves comprise stopping
the feed of 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 amcount of a groove
processing tool are stepwise varied and increased in order
of precedence; and
the peclishing pad be formed from a foamed
15 polyurethane.
[0026] In yet further embodiment, the present invention
relates to a method of producing a semiceonducter 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 detericraticn of the abrasive rate,

25 the non-uniformity within wafer of the abrasive amount, the



. retainnent of the abrasive slurry between the material to be polished and
the polishing pad; and particularly it is 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 effective4dto the manufacturing 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 becone nore fully
understood fromthe detail ed description given hereinbelow and the
acconpanyi ngctysamwpg oshictth dxscegisv e days Wway «afurldy idrddistireatdwancaariley, and t hus
are not limtative of the present invention, and wherein: Fig. 1 is a
schemati c cressiseeinton i [Jhistaratd 9107e & Jpot s i digvaapartad uss tgenesaldy used
for CVMP process. Fig. 2 is a schematic cross section illustrating 20 groove

havi ng rect argWaAri s srsectiopshapa ndighd 3 drid & schenmtd € €riassi section
illustrating one enbodi ment of the groove formed on the polishing |ayer of

the polishing Rad iafe the qyeRseNt iR Endd b f 4 drS Bt imid 6 £ 1OSS
section illustrating 25 the groove forned on the polishing | ayer of the 15
conventg onalpPaldrsMeaPthas good balance between feeding and
discharging the abrasive slurry during polishing to reduce
the unusual retainment of the abrasive slurry in the
grooves during pclishing. 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 accompanyving drawing which is given by way of
15 illustration only, and thus are not limitative of the
present invention, and wherein:
Fig. 1 is a schematic cross section illustrating
a polishing apparatus generally used for CMP proccess.
Fig. 2 1s a schematic 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 1s a schematic cross section illustrating

25 the groove formed on the polishing layer of the



.Fig..5 1is an enlarged schematic diagram illustrating one enbodi nent of the
cutting edge of the groove processing tool used for the nmethod of producing
the 5 polishing pad of the present invention [(a) front elevational view,
(b) side elevational view]. Fig. 6 is an enlarged schematic di agram
illustrating the cutting edge of the groove processing tool wused for the
nmet hod of producing the conventional polishing 10 pad [(a) front

el evational view, (b) side elevational view]. Fig. 7 is an enlarged
schematic diagramof the corner portion of the cutting edge of the groove
processing tool before and after polishing illustrating the test nethod of
the wear of SR egtdove lpresdesdiimg t7e6l-. 15 [0029] (Description of notations)
1: Polishing pad 2: Polishing platen 3: Abrasive slurry 4: Material to be
pol i shed 20 5: Supportiichg Sstigndis 571 Rt ST <ghdfitc 8llapragsi ve
slurry-feedi ng nechanism 10, 20: G oove 11, 21: Side surface of processed
surface of gridmsgratsnm o2 eBddomesyr falcehf Qriddess efaurdfaddreof groove

16 13: Depth of groove
groove processing tool used for the method of producing the

5 polishing pad of the present inventicn [(a) front
elevational view, (b) side elevational view].

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

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

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

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

25 12,22: Bottom surface of processed surface of groove



. 14: Wdth of groove 15: Pitch of groove 23: Blister 5 Best Mdde for
Carrying Qut the Invention [0030] The polishing pad of the present invention
conprises grooves on a polishing surface and fornmed froma foaned
pol yur et hane, 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 layer is formed froma
porous material, a 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 surf acé. PePihad@di Gr6@® Vet he met hod of producing the polishing pad
of the present invention conprises a step of mechanical cutting by
st epwi se varyi ngda teedhspdedrandef eed anount of a groove processing tool
to formconcentric circular 20 grooves having rectangle sectional shape on
the polishing surf&céchTihd galticslsi ng pad of the present invention and the
met hod of producing the same will be explained with reference to the
acconpanyi ng dr awi:n@lilstgetail. Fig. 3 is a schematic cross section
illustrating one enbodi nent of 25 the groove formed on the polishing | ayer
of the 5ol i SeistgMbde fad Gartrye ngr €sdntthenentardiiorFig. 4 is a schematic
Cross
[0030] The polishing pad of the present invention comprises
grooves on a polishing surface and formed freoem a foamed
polyurethane, wherein a processed surface of the groove
comprising a side surface and a bottom surface has =
10 surface rcughness Ra of not more 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 portion of
15 the inner surface of the groove has a non-porous surface.
In addition, the methed of producing the polishing pad of
the present invention comprises a step of mechanical
cutting by stepwise varying a feed speed and feed amcunt of
a groove 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 layar of the polishing



. sectjon illustrating the groove forned on the polishing |ayer of the
conventional polishing pad. The drawings are schematic cross sections
illustrating the groove forned 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. Wien the surface roughness Ra is larger than 10,
the flowability of the abrasive slurry is degraded, and cohesion thereof
easi | y occupsdorft hdeclooggieng aohvabritdsinve Wwast.e deads lay sthewecurs,cnahisch
causes the formation of scratches. [0032] It is desired that defects having
a depth of met:tibesd ltlhan rk@Q ngmthE06 rtcm vE0E qapmjedrerburires deavigigiray | engt h

of 200 pm (200 to 1000 pm are not nore than 2 per one cross section in the
groove in theaygal icshithg swhiv@ee iohatlthe2Q galnshay padtheofdidwe raye sant

i nvention. Wien the nunber of the defects or burrs are larger than 2, the
f1 owabi | ity sehentaite cabirasisveesituony i3 Jdegradetg amt eahkesicorf driere e
easily occurs or the clogging of abrasive waste easily occurs, which causes
the fommati @heobclcrsatiches.avEie ofurber 29 i6dh itrhe pdef,ecnanthdWirz arigs

nmeasured by observing the groove 18 cross section of a sanple forned by
di vi di ng t hecrolexshitng shown.
[0031] As shown in Fig. 3, in the polishing pad of the
present invention, it is required for the processed surface
cf the groove comprising the side surface 11 and bottom
10 surface 12 to have a surface roughness Ra of not meore 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 cohesion therecof
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 um) or burrs having a length
of 200 pm (200 to 1000 um) are not more than 2 per one
cross section in the groove in the polishing surface cof the
20 polishing pad of the present inventicn. When the number of
the defects or burrs are larger than 2, the flowabllity of
the abrasive slurry is degraded, and cohesion thereof
easily occurs or the clogging of abrasive waste easily

occlurs, which causes the formation of scratches. The number

25 of the defect and burr are measured by observing the grocve



., pad .into five pieces in the radius direction to count the nunber of defects
havi ng the above depth and burrs having the above length. 5 [0033] Fig. 5
is an enlarged schematic diagramillustrating one enbodi nent of the cutting
edge of the groove processing tool used for the nethod of producing the
polishing pad of the present invention. Fig. 6 is an enlarged schematic
diagramillustrating the cutting edge of Yhe groove 10 processing tool used
for the nethod of producing the conventional polishing pad. As shown in
Fig. 5 1in the nethod of the polishing pad of the present invention, the
grooves are formed by mechanical cutting with the groove processing tool
and t he coneentei secichionl af gr seve Lkafiongets bvectiangliads gdtei pwdll sshage are
formed on the polishing surface. It is desired that the sectional shape of
the cuttingaddgatof ftike grecee protéssimgiteoldivsed ifoor toheoumst hbg of
produci ng the polishing pad of the present invention be rectangle wthout
t he si de rehuebeanglfe de fient20hilve ngonventibova dgroddy enpr eoess hgvtiogl shown
in Fig. 6. Wen the groove processing tool having the side relief angle c
is used, thehw dbbvef lehetyr.oove forned is snmall by the wear of the groove
processing tool (Fig. 4), and the non-uniformty of the retaining anmount of
t he abrasi vg02333l iy i5s iRotinsehflizeigent Isyrehfzainedi 2wtizeh icauses atthegnon 19
uniformty and deterioration of the abrasive rate. In the
one embodiment 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
diagram illustrating the cutting edge of the groove
10 processing tool used for the method of producing the
conventional polishing 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 secticnal shape are formed on the polishing
surface. It is desired that the sectional shape of the
cutting edge of the groove processing tocl used for the
method of producing the pclishing pad of the present
invention be rectangle without the side relief zngle ¢ in
20 the conventional grocve processing tceccl shown in Fig. 6.
When the groove processing tool having the side relief
angle ¢ is used, the width of the groove formed is small by
the wear of the dgroove 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-



. si de. shape of the cutting edge of the groove processing tool, when the
groove processing tool having the rake angle 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
t he groove processed surface is not suff%%lently obtained (Fig. 4).
Therefore, it is desired 10 for the groove processing tool used for the
met hod of producing the polishing pad of the present invention to have the
cutting edge shape without the side relief angle ¢ and the rake angle d as
shown in F|&nl§0rP6@§4F“gndﬁﬁérﬁﬁﬁﬁédoﬁf05r6@@c@@63§ﬁéepéﬁﬁ§hlnénpé €of the
15 present invention, it is required to mechanically cut while stepw se
varying a fééelesﬁééaemé ftééd CafbuRY 6A98 gfodve IFrevEsSITRGEESSNI The
wor di ng "stepwi se varying" a feed speed and feed anmobunt of a groove
processi ng 66 uyBE" REEeTH OPERePS OLE SSHLESNTSS Lv &y iige theed adgedddadnd f eed
20 anmount while form ng one of concentric circular grooves. The value of
the feed spdednafdict henvieké lanagdy @rposce prvgy s siad nordasdégvinn ior dég - of
precedence, decreased in order of precedence, or increased or decreased.
The tife at Seveér ysest ephrnyobé ache agame odr tdief fogoeve. 2% eBB3BY [Cooils
desired for the feed speed of a groove 20 processing tool to be within the
range of 0.@l1thotBel@clishing surface to be processed varies by the
wear of the groove processing tocl, 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 metheod of
producing the poliishing pad of the present invention to
have 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 pelishing pad of the
15 present invention, it is required toc mechanically cut while
stepwise 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 tocl used
herein refers toc stepwise vary the feed speed and feed
20 amount while forming one of concentric 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 cor different.

25 [0035] It is desired for the feed speed of a groove



+mmn, preferably 0.01 to 0.08 mimn, nore preferably 0.01 to 0.05 mimn
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 circular grooves. \Wen the
feed speed is smaller than 0.01 mMmn, the processing tinme is increased
and the wear of the groove processing tool is accelerated. On the other
hand, when the feed speed is |arger t han 4P 10 m mn, the occurrence of the
burr is increased, the load 10 applied to the groove processing tool is

i ncreased and the groove shape is not stable. [0036] When form ng the
groove at a constant |ow feed t he_ wear of the groove processing tool

peed, . r
is large anHrPﬁgssﬁP8c§§§9n§Ot%ﬁewﬁ§hﬁﬁcF@&sé@?g?héﬁepopé,tpt%réodesired 15
that the feed speed is increased_in order of precedence. In addition, it is
desired t haf/Pher ePBETETEPHY 8 Ut SppiOnd® fHE eedOdE PhET§re6Y Prdéessi ng
tool, that is, atinme that the feed speed is zero at the position_ of
reachi ng thé® §r86ve/Pidcessi n§ ©6olVaid echétdéepést FéEPiSonPrERGTadY the 20
desired groove depth. It is desired for the time of stopping the feed of
the groove Pr&€essiEn§gPFeolmors e elgirghilly £héor angdest O3 lgo T redasnds,
preferably 1.0 to 3.0 seconds. Wen the tinme is |onger than 5 seconds, the
wear &f thengr 6dveopreséssicng itresll airs dracyes -On Whisa Gtiserf clggdndpreas wsen t he
time is shorter than 0.5 seconds, it is difficult 21 to maintain the stable
groove shap@maﬁdeguﬁba@eospét@/min, the processing time is increased
and the wear of the groove processing tool 1s 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 to the groove processing tocol is increased and the
groove shape is not stable.
[0036] When forming the groove at a constant low feed speed,
the wear of the grocove processing tocl is large and the
processing time is increased. Therefore, it is desired
15 that the feed speed is increased in order cf precedence.
In addition, it 1is desired that there be a time of stopping
the feed of the groove processing tool, that is, a time
that the feed speed is zero at the position of 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 tocl to be
within the range of 0.5 to 5 seconds, preferably 1.0 to 3.0
seconds. When the time is longer than 5 seconds, the wear

of the groove processing tool is large. On the other hand,

25 when the time i1s shorter than 0.5 seconds, it is difficult



- [0037] The feed anobunt of the groove processing tool is stepw se varied by
stepw se varying the feed speed as described above. In addition, it is
desired to stepwise 5 vary the total feed anobunt of the groove processing
tool, which varies depending on the desired groove depth, as the sanme as
the feed speed. [0038] As described above, in the nethod of producing the
pol i shing pad of the present invention, t%% processed 10 surface of the
groove can have | ow surface roughness Ra of not nore than 10 and the burr
formed on the surface of the polishing pad by the groove processing is
reduced to form éﬁncent [ hﬁular rooves having the desired rectangle

: c ci
sectional shap&elWrént k eré%@ Es §TRE V6T Sorocesied ers Siiftsce of the
groove is Iara{eﬂ}t7 the flowability of the abrasive slurry and abrasive waste
i s degraded,ORBi7dh Theadses EREURST Rat i S OSYFatERES Sad 'dedOCilbéd above. As
shown in Fig. 3, the burr formed on the surface of the polishing pad by
groove procé$&PingSits VREdGEed Yt §TERVAPE 2B IgHE6V ESehawiey SHiegist A@ngl e edge at
t he upper edge portion of the groove using the nethod of producing the
pol i shi ng ﬁéécéﬂb@ﬁeaﬁp€§entIpnﬁéﬁﬂﬁé@ﬁrlﬁtadéiﬁk@ﬁFe@hécaﬁ§ﬁ@Wlﬁ€tween t he
side surface 11 and bottom surface 12 is right- angle, and it is possible to
st abl y f or mVER® §heovedahafierg 2Bopnécicde thecttangive Seedesiainds s,
Therefore, in the 22 polishing pad obtained by the nethod of producing the
which varies depending on the desired grcoove 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 c¢f the grocve 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 greooves having the desired rectangle
sectional shape. When the rcughness Ra of the processed
15 surface of the groove is large, the flowability cf the
abrasive slurry and abrasive waste is degraded, which
causes the formation c¢f 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
of the groove using the methed 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



. polishing pad of the present invention, the shape of the groove formed 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 wthin wafer of the
abrasive anount and the consunption of excess abrasive slurry, are
di ssolved. In addition, the suitable retafnment of the abrasive slurry
between the 10 material to be polished and the polishing pad can be
obtained. [0039] In the polishing pad of the present invention, the wdth,
depth and pitch of the groove are not limted as |ong as the grooves having
preci se recPrglFeisdcPrEn&PTESISRapy &M SABIoF odr MEPCUWSUHT D HdSgr oove may
have a width of 0.2 to 5.0 mm a depth of 0.2 to 4.0 nmand a pitch of 0.5
to 6.0 mm WRildkhdRyg Padsgitt &by Pseisestted IfedYhiche My aifepdndii®g on the
material to be polished, the nmethod of polishing and polishing condition.
In the pres@deod@ ifigvdrd om, thige Peddctnitd i@ ars driicdes @isf didbl y have
the sanme width, the sane depth and the sane pitch, respectively. In case of
usi ng such peltiaghiing pagunitt ofs theasyp e igentsrlolr he amtadive rate, and it
is convenient during producing the polishing pad. 25 [0040] The polishing
pad of i he fhegerdiorienvént pwomprise 823 asi riglee ticayerdd qpualiitghialy pad,
whi ch has been conventionally
detericoration of the abrasive rate, the non-uniformity
within wafer of the abrasive amcunt and the consumpticn of
excess abrasive slurry, are dissclved., In additicn, the
suitable retainment cf the abrasive slurry between the
1C material to be polished and the polishing pad can be
obtained.
[0039] In the polishing pad of 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 groove may have a width of
0.2 to 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 poclishing 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 to control the abrasive rate, and it is convenient

during producing the pelishing pad.

25 [0040] The pclishing pad of the present invention may be a



.used, or a lam nated polishing pad conprising at |l east two |ayers of
polishing | ayer (hard surface |ayer) contact wwth the naterial to be
pol i shed, 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 pa [0041] In the | am nated polishing
pad, the polishing |ayer and cushion IaS%% are separately forned. It is
desired for 10 the polishing |ayer to have a hardness of 45 to 65. Wen the
hardness of the polishing layer is |lower than 45, the planarity of the
material to be polished is degraded. t he ot her hand, when the hardness
of the pol | SARRGCrhgarCrE PhegRBr "EhBACS MPAD HendRrtY SPETG60d TBat Y he
uniformty 15 of the material to be, polished is degraded. The hardness of
the polishi HGFay8r RasedéGrEdPLccardiniyPes j:loé‘p%éf%@g £6975%Phe "Rt eri al
for the polishing | ayer was cut into a size of. 2 cmx 2 cm (a proper

t hi ckness) ad&Y&rSaRpl ectdrhingadarhg ‘TR chardiféss, Laygr n&o éﬁﬁﬁeaﬁég | ef t
at a 20 tenperature of 23C2C and hum dity of 50%% for 16 hours. The

har dness of ReMBoETsRilnGCl BfePokas fas ed By dsiSkg&orsiuad ot afRe
sanpl es having a thickness of not |lLess than 6 mmw th a hardness neter
(Asker °D haP@flesd FEEELCRRAGIEEt UCdd Sy KEPIRSHITLREI kidYes.), Peed oioned i s

desired 25 for the cushion layer to have a hardness of 25 to 100, 24
preferably 36tHeegsthrh@oRdsdness lelrerhérdughiren Lsqydd wagten, 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 pclishing layer is lower than 4%, the
planarity cof the material to be polished is degraded. On
the cther hand, when the hardness of the polishing layer is
higher than 65, the planarity is good, but the uniformity

15 of the material to be polished is degraded. The hardness
of the pelishing layer was measured according to JIS K6253-
1997, 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

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 Co., Ltd.). It is desired

25 for the cushion layer to have a hardness of 25 to 100,



measured with a hardness neter (Asker A hardness neter manufactured 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 M 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 single-layered polishing
pad, the thickness is 1.0 to 5.0 nm and 4%he material thereof may be
suitably 10 selected and used fromthe material used for the polishing
| ayer and cushion layer. [0043] In the |am nated polishing pad, a materi al
for the polishing layer is not limted as long as it satisfies the above
har dness rangefebablivhélpbbi §hingThaykarpaeppepér &by cusbipsr radetr 9ASpor ous
mat eri al . Exanples of the porous materials include, for exanple,
pol yur et haneeresiragd wpbhyeshercdnesenmnepekydfsderr 8sihnrdaesyl neteesin,
pol ycar bonat e resin, hal ogen-based resin (such as polyvinyl chloride,
pol yt etraf | menoéthyliend, bgndopohypliinjkidén€c2Q fidoni derpraporytresif,
phot osensitive resin and the |ike. The porous material my be used al one,
but the porrdgsiprabernial Inaysbdenseddi foeonmhengbiashwnthlateleast hane of
the other porous material. [0044] In the present invention, particularly
preferced is tBbckaagedopobyur ebhane mesi prasethelfaberi ab Boo the paki shing
25 layer, because the pol yurethane resin has excell ent wear
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 pclishing
layer and cushion layer.
[0043] In the laminated pclishing pad, a material for the
polishing layer is not limited as long as it satisfies the
above hardness range, but the polishing layer is preferably
15 formed from porcous material. Examples of the porous
materials include, for example, polyurethane resin,
polyester resin, polyamide resin, acrylic resin,
polycarbonate resin, halcgen-based resin (such as polyvinyl
chloride, polytetrafluoroethylene, and polyvinylidene
20 flucride), 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 inventicn, particularly preferred is

25 foamed polyurethane resin as the material for the poclishing



resi stance and pol ynmer 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 fdamused 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
chain extender. The isocyanate-term nated urethane prepol ynmer conprises 15
pol yi socyanagegerl, oweroliseultae weilghregdlaps rasd rhibgls axgledduirdr Wesirght

pol yol . [0047] Exanples of the polyisocyanates, which are not limted,

i nclude 2, 4reandtenc?, 6nddipodgmeandte itrgl wernes 1 2R phys2,c4l- ranglearties

4,4' -di i socyanat o di phenyl net hane, 1,5 20 napht hal ene diisocyanate, p- and
m phenyl ene cdini $ecyanadtleg, cbdiameryl bdi veocyanatze ,complodienerdidfsaeypanat e,

di phenyl -4, 4' - diisocyanate, 1,3- and 1, 4-tetranethyl xyl ydene dii socyanate,
t et ranet hyl ene «@iiiagqcyanat e, 1, 6- hexanet hyl ene dii socyanate,
dodecanet hyl ene dii socyanate, cycl ohexane-1,3- and 1,4 25 diisocyanate,

1-i socyanat q-034i530¢y aRaheEUIY IFo3nbn?y 26e tgdinRidaHeyR ahkexane f adtsophor one
di i socyanate), bis-(4-

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

10 for the polishing pad 0of the present invention is formed by
the foaming method.
[0046] The polyurethane resin comprises isocyanate-
terminated urethane prepolymer and chain extender. The
isocyanate-terminated urethane prepolymer comprises

15 polyisocyanate, low molecular weight polyel and high
molecular weight polyol.
[0047] Examples of the polyisocyanates, 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 diisccyvanate,
dimeryl diisocyanate, xylylene diiscocyanate, diphenyl-4,47-
diisocyanate, 1,3~ and 1,4-tetramethylxylydene diisocyanate,
tetramethylene diisocyanate, 1, 6-hexamethylene diisocyanate,

dodecamethylene diisccyanate, cyclohexane-1,3- and 1,4-

25 diisocyanate, l-isocyanato-3-isocyanateomethyl-3,5,5-



i socyanat ocycl ohexyl ) met hane (= hydrogenated MDT), 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#@ pot-life during casting and
nol di ng. [0048] Exanpl es of the high nolecul ar weight polyols 10 include
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 ipelthgachonatexianevilewiebdootney diidlspsivsnads)st drice, (4and
preferred is polyether in view of cost and nelt viscosity. 15 Exanples of
t he pol yet hésopghkyaltsciyrtbunde yileaethamepr(digtds cafersttard M )corfpowmndt havi ng
a reactive hydrogen atomw th al kyl ene oxide, such as ethyl ene oxi de,
propyl ene oxi-depcvhutybernelokiecds, -St' yriene vexiade,c iedtarahydmeftivaar,, 1, 3-

epi chl orohydrin, or m xtures of these al kyl ene oxides. 20 Exanpl es of t he

starting compeunds-hag-ng sackeactiowe t ydregern catcamridicliide meat er, bi sphenol
and dival ent al cohol for preparing polyester polyol described Iater. [ 0049]

Exanpl es of igelyeaszhenrates chavicie 1ahkydroxie oM addnadnidea ineact it ser oduct s
of diols, such as 1, 3-propanediol, 25 1,4-butanediol, 1,6-hexanediol,

di ethyl ene @lycel udta Bobvet Byl are cahtcelat iRl Wi aR 1€ ndinec ahand/zor
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 pclyester, 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
alkylene oxide, such as ethylene oxide, propylene oxide,
butylene cxide, styrene oxide, tetrahydrofuran,
epichlorohydrin, or mixtures of these alkylene oxides.

20 Examples of the starting compounds having a reactive
hydrogen atom include water, bisphenol and divalent alcohol
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-hexanedicl, diethylene glycol,



. pol yt et ranet hyl ene glycol, 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
preferabl e that both the dival ent al cohol?and dibasic dicarboxylic acid
have | onger chai n conponent. 10 [0050] Exanpl es of dival ent al cohols, which
are not limted, include ethylene glycol, 1,3- and 1, 2-propylene glycol,
1,4- and 1, 3- and 2, 3-butylene glycol, 1,6-hexane glycol, 1,8-octane
gl ycol , neopertgithyllgasl glogellohd®ranediartlisafolglycol and/or
1, 4- bi s- (hydroxymet hyl ) -cycl ohexane, 2-nethyl-1,3 15 propanediol,
3- net hyl - 1, popeeamedieshy 122, 4rltvdotet ittt 8o qesmeaneadiadl Ly ldicettppingne
gl ycol, dipropylene glycol, triethylene glycol, tripropylene glycol,
di butyl ene dlsychl asandpitee vl kerdodG5E) Branples ofcarterditzasipe ogivdamniszoxyl i ¢
acids include 20 aliphatic, cycloaliphatic, aromatic and/or heterocyclic
di basi ¢ di carbbwylaite )aci dxaloptl epr efferred dsseal igghatdles dmcleytd caddqihati ¢
di basi c dicarboxylic acid because it is required that the resulting NCO
term ndt ed pregaloysenfi ¢livalguitd adrcdhei meltth viiseosid Wi ddrianoiatd aadidgasi ¢
25 dicarboxylic acid is applied, it is preferable to use in 28 conbination
with aliphatiue ar dycldealiirgtaticc Hiveadiar ger distance between ester
bonds in crder to improve hydrolysis resistance. It is
preferable that both the divalent alcohol and dibasic
dicarboxylic acid have longer chain component.
10 [0050] Examples of divalent alcohols, which are not limited,
include ethylene glycel, 1,3- and 1,2-propylene glycol,
1l,4- and 1,3- and 2,3-butylene glycol, 1,6~hexane glycol,
1,8-octane glycel, neopentyl glycol, cyclohexanedimethanol,
1,4-bis- (hydroxymethyl)-cyclohexane, 2-methyl-1,3-
15 propanedicl, 3-methyl-1, 5~-pentanediocl, 2,2,4-trimethyl-1,3-
pentanediol, diethylene glycol, dipropylene glycol,
triethylene glyceol, tTripropylene 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
cyclecaliphatic dibasic dicarboxylic acid because it is
regquired that the resulting NCO terminated prepolymer is

ligquid or low melt viscosity. If aromatic dibasic

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



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 terninatedzéroup. Lact ones, such as
c-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 SAMHING RS radde O BET t0 & 000 4 MRRG IofC thdaidstic 15
properties of the resulting polyurethane. \Wen the nunber average nol ecul ar
wei ght is | cWerateay 500,24 elfasaricd e Hroperhts ebl GFradiey riss |ad
pol yurethane resin is not sufficiently obtained, which is brittle resin.
Theref ore, vheparshiaig Jiaidredr éparletid romaine pa s etavhrd o esiiti s 20
hard and brittle, which causes the formation of scratches on the polishing
surface of théeamterdcsld t a4l gl isshied. s ipoldsi nghgdat fromaite
pol yurethane resin is easily worn, and it is not suitable in view of life
of the 5 pol iislipighpad.c Gride totregrh thenldi ¢ wheid t eoiuritedreraver age 25
nol ecul ar wei ght is higher than 2,000, the resulting 29 polyurethane resin
is soft, andiitdeerlmolylshi rgrildyeryclohexane dicarboxylic acid (o-, m-,
p-), dimeric fatty acid (such as oleic acid) and the like.
The polyester polyocl may have a portion of carboxyl
terminated group. Lactones, such as e—-caprolactone, or
10 polyester of hydroxycarbexylic acid, such as e-
hydroxycapronic acid may be also used.
[0052] Number average molecular weight of the high
melecular weight polycl 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 laver prepared from the polyurethane resin is
20 hard and brittle, which causes the formation of scratches
on the pclishing surface of the material tc be polished.
The polishing pad from the pclyurethane resin is easily
worn, and it 1s not suitable in view of life of the

polishing pad. On the other hand, when the number average

25 molecular weight is higher than 2,000, the resulting



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-pentanediol and 1,6 19 hexanet hyl ene gl ycol, or
m xtures thereof. If ethylene glycol or 1,4-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
har dness of RHeYLESHAT g oIty urfetIedife mBtddd e Polssiihg aeterial is too
hi gh, and the polishing material of the present invention is brittle or the
surface of [ETamareashsiram demigel Y O tnotieg i hamnds ftaihaiiemoa cohol s
havi ng | onger chain than 1, 6-hexanethylene glycol are used, suitable
reactivity durdniyidasti ng and nol ding, or suitable 20 hardness of the
resul ti ng pol yurethane nol ded polishing material is sonetines obtained.
However, thelEst] iBxamyol eshigh,l@ndidlte gl aotwaissftulpdloyalse el wiasal ent
al cohols. [0054] Since it is necessary to select the isocyanate conponent
dependiing ortlitvee edgsialetblpots [fide phepatg reastd e 25 ransb Ivod didws @nidodd | ower
the nelt viscosity of the 30 resulting NCO term nated prepol ynmer, the
i socyanate above. As the low molecular weight polyols used for the
present invention, 1% is preferable to use at least one
selected from the group consisting of diethylene glyccl,
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 glyccol as low molecular weight
polycls other than those used for the present invention is
used, the reactivity is tooc high during casting and molding,
or the hardness of the resulting polyurethane molded
15 polishing material is too high, and the polishing material
of the present invention is brittle or the surface of IC is
easy to damage. On the other hand, if divalent alcchols
having longer chain than 1, 6-hexamethylene glycol are used,
suitable reactivity during casting and melding, or suitable
20 hardness of the resulting polyurethane molded polishing
material is sometimes obtained. However, the cost 1is too
high, and it is not useful to use the divalent alcohols.
[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



. conponent is applied alone or in conbination with two or nor
thereof, which are not limted, include 2,4- and/or 2,6- di

e. Exanpl es
socyanat o

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 dii socyanat

e, dineryl

di i socyanate, xylylene diisocyanate, diphenyl-4,4"- diisocyanate, 1,3- and
1, 4-tetranet hyl xyl ydene dii socyanate, téy}anethylene di i socyanat e,
1, 6- hexanet hyl ene dii socyanate, 10 dodecanet hyl ene dii socyanat e,

cycl ohexane-1, 3- and 1, 4- diisocyanate,
1-i socyanat o- 3-i socyanat onet hyl - - trinmet hyl cycl ghexane

= i sophorone

3,5,5
di i socyanat 8FSUBFAPEANCPs b8YEARBOEGC PERERYITREY haRE (=2ORYEFGgEnat ed MDI ),
and 4-isocyanatocycl ohexyl -2'-isocyanat ocycl ohexyl met hane, 1,3 15 and

1, 4- bi s- (i s6EYRABREDFELRYPPPéYELORERERe OThiid- Combination with

two or

i socyanat o- 3- met hyl cycl ohexyl ) met hane and the like. [0055] A ratio of the
hi gh nol eculrarewei §HeMpoEyoltheserhie Whawhmalréc tiodr Midiidled, pdnydiides

determ ned depending on the performance requirenent of the polishing |ayer
prepared byZ,20 asidngrt Bese paliyoryanptosel iBeaspl s 20f /1t Re 4¢haiamdériender s
used for the present invention include, for exanple, organic diamne
conpounds. 4EXanplesoctlathéocodgahier vdimeihaeecoipoandsh thilehear e not

limted, include 4,4'-nethylene-bis(o-chloroaniline), 2,6 25

di chl or o- p- phyenylyenedeanire and, A-phenintleare diiisE2ydndt e, diddhlegrydani | i ne),

3, 3" -di chl oro-4, 4" -di am nodi phenyl net hane,
diisocyanate, xylylene diisocyanate, diphenyl-4,4"'

diisocyanate, 1,3- and 1l,4-tetramethylxylydene diisocyanate,

tetramethylene diisccyanate, 1, 6-hexamethylene diisocyanate,

10 dodecamethylene diisocyanate, cyclohexane-1,3- and 1,4-
diisocyanate, l-isocyanato-3-isocyanatomethyl-3,5,5-
trimethylcyclohexane (= isophorone diisocyanate}, bis-{4-
isccyanatocyclohexyl)methane (= hydrogenated MDI), 2- and

d-isocyanatocyclohexyl-2'-isocyanatocyclohexylmethane, 1, 3-

15 and 1,4-bis—-(isocyanatomethyl)-cyclohexane, bis-{4-

isocyanato-3-methylcyclchexyl)methane and the like.

[00855] A ratio of the high molecular weight polyol to the

20

25

low molecular weight polyol is determined depending on the
performance requirement of the polishing layer prepared by
using these polyols.

[0056] Examples cf the chain extenders used for the present
invention include, for example, organic diamine compounds.
Examples of the organic diamine compounds, which are not
limited, include 4,4'-methylene-bis{o-chloroaniline), 2,6-

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

2-



-chloroani | i ne-nodi fi ed di chl orodi am nodi phenyl net hane, 1, 2-
bi s(2-am nophenyl t hi o) ethane, trinethylene glycol-di-p- am nobenzoate,
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 ext ehder during preparing pol yurethane
resin can 10 suitably change dependi ng on nol ecul ar wei ght of each
conponent and the desired properties of the polishing | ayer forned
therefrom In order to obtain _the polishing |ayer having excellent abrasive
properties, FCHETRES et hat 3 1HEY G Ty éF“éWWQﬂé%ﬁ%ﬁﬁ%%%ﬁﬁﬂﬁ9QW1the
organi c 15 isqQcyanate to the total number of functional groups (hydroxyl
group and aftR6 @RS NienTeRe T3Sy 61 Cand rerkian i reaiahdery e Wi -n v Ke range
of 0.95 to 1.15, preferably 0.99 to 1.10. [0058] The pol yurethane resin of
t he present Higemergmopasnyighpe ) sibaiiced ByiNeidwH arcettHaire-mekiwg
techni ques. The polyurethane resin may optionally contain stabilizers such
as anti oxi damtigobsmziogadtcant3s S foulsr (imedmys, thpicgmentés, toflivgrer sliamdms singt i ¢
agents, and the other additives. [0059] In the polishing pad of the present
i nventiton, ithe §ik25 d&dier édwf ovo liela Hecanesd aidl yurletchanadfserr ifdeel paloivehi ng
| ayer 32 (that is, the porous material for the polishing |ayer or
can be used as the chain extenders. They may be used alcne
or in combination with two or more.
[0057] The ratioc of the organic isocyanate, polyocl and
chain extender during preparing polyurethane resin can
10 sultably change depending on meolecular weight of each
component and the desired properties of the polishing layer
formed therefrom. In order to obtain 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 amince grcup) in the polyol and chain
extender be within the range of 0.95 to 1.15, preferably
.99 to 1.10.
[00B8] The polyurethane resin of the present invention can
20 be produced by known urethane-making techniques. The
polyurethane resin may optionally contain stabilizers such
as antioxidants, surfactants, lubricants, pigments, fillers,
antistatic agents, and the other additives,

[0059] In the polishing pad of the present invention, it is

25 desired for the foamed polyurethane for the polishing laver



-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 pm
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
nmeasuring the average «cell dianeter int f oamed pol yur et hane, 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 deﬁj%gd for th ,f?ﬁned pol yur et hane for
the polishi Ag"Payer’ tHChRPECHSsPELEriidlgradi ty o8 154591 16 Y cRS. When
the 15 specific gravity is |lower than_ 0.5 g/cnB, the strength of the
surface of FRETPOLILERI hGaMayer Eh6l PERilFGZ6nérhicd tredddéd 2Pand SrRE e
planarity of the material to be polished, such as a sem conductor wafer is
degraded. OfetRe CaEHEteThafd ROkhER TEhé hage ditF iF@ gR&wiftey abs yhizghée t/Ran 1.0
g/cnB, 20 the nunber of the mcro pore in the polishing |ayer (polishing
zone) is reddcedorgn®rehergbanariot o o lgowd, BlEn tthe abcadsioge Sedtle tends to
be degraded. The specific gravity is aratio of a nass of a sanple to a
mass ofS pur élawater Raviong vhe tdenms angleumdhgs pllk@agamy é satcd pressure of 25
1.01 bars and a tenperature of 4C. The specific gravity 33 can be neasured
accordi ng teulif$cz88@ly obtained. The planarity means smcothness in
micro 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 polishing layer (polishing zone) is
reduced, and the planarity of the material to be polished,
such as a semiconductor wafer is degraded. ©n the other
hand, when the specific gravity is higher than 1.0 g/cm’,
20 the number of the micro pore in the polishing laver
(pclishing zone) 1s reduced, and the planarity is goed, but
the abrasive rate tends to be degraded. The specific
gravity 1s a ratio of a mass 0of 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 anount 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
conpr essi bi ldany tef meaEumeb.0%orginef erablis GG 3. 0% Wen the
conpressibility is within 15 the above range, both the planarity and
uniformty davdlg Isuftfhecipentilsghiolt aiawedhf e comareessiiiddrityidrs det ersm ned
by using the following formula: [0063] Conpressibility (%9 _ [(T1-T2) / T,]
X 100 20 [ OQe4]irwherfeirn tHe rfepmesenicl hhesthirekness tofe acamiieg afdyesr
application of 30 kPa (300 g/cnR) stress for 60 seconds to the sanple, and

T2 represent@diisHitickress afo Hdie samdeirafderoap iwatdonn mfe fk8QKkRa
(1,800 g/cm) stress for 60 seconds to the sanple in the state T1. 25

[0065] 9 n the pal ieghi ngiHead tofe therdqiasents invent i1Qihn 145, s34 desired for
t he foamed pol yurethane for the polishing |ayer
planarity of the material to be polished is degraded. On
the cther 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
1¢ abrasive amount within the surface of & silicon wafer.
[0062] In the polishing pad of the present invention, it 1is
desired for the foamed polyurethane for the pelishing 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 obtained. The compressibility is determined

by using the following formula:

[0063]
Compressibility (%) = [(T;=-T2) / T;]1 x 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 tLo 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 Iay%? 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 nodulus is |l ess than 200 MPa, the strenqﬁh of the
surface of RS1F6G dRirnGhcayermes rSlrededddread® t fé SpPaaritiy Sofl ayRe
material to be polished, such as a sem conductor wafer is degraded. The
storage el d$0ld siddgl gengBans &laast ifc GRFHNISES ifdddired e vappl Wilng? si ne
wave vibration to the foam polyurethane as a sanple wth a tensile node
fol der of atdynRd¥itc viidegeltdst icompy es20 bdigddtr gresteetery] GE6 T T ridtchod of
preparing closed-cell type foamed polyurethane suitably used in the
pol i shing | @peref grandte Pl itdhiokpesad off thise gorlesdnmd nverstri o wi | | be
explained in detail hereinafter. The nethod of preparing the foaned 25
pol yur €t hand acorpni sésinigeel fol [remierd est dpsdia) tlorofrc)Lhe3Fatfe006d] tcake
Stirring to prepare a cell dispersion of an
polished, and the stabkility of the abrasive properties 1is
degraded.
[0066] In the peclishing pad of the present invention, it is
desired for the foamed 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 storage 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 clesed-cell type foamed
polyurethane suitably used in the polishing layer for the
polishing pad of the present invention will be explained in

detall hereinafter. The methoed c¢f preparing the foamed

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



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 ord

nary

tenperatures, the prepolymer is nelted pre-heating to a suitable
tenperature. [0069] (b) Mxing a curing agent (chain extender); 10 A chain
extender is added to, and m xed with, the cell dispersion under stirring.

[0070] (c) Curing step The isocyanate-term nated prepol ynmer

hai t [ I | d, d_heat - d...15 [0071
ised i n proGdEERSn (61 A& BOrgur g RARE= Fosi fof daibire=ased ™ &

m xed with the
}he i nert gas
f6rning fine

cells, and it is gigf rabLéPnot conbuitible. Exanpl es of the gases include

nitrogen, oxygeX2rate&arBoRdroRFdBT GRS

Yd®Fare gas such as

hel i um and

argon, and a m.xed gas thereof, and the air 20 dried tQ renbve water is nost
preferabl e nSviewPERPESEY SPEO?SFaRS &SsEFFFEr ol ditSFEYENAGSThe i nert
gas in the  silicone-based surfactant-containing isocyanate-term nated

pr epol yner t8IROPAM-EANBT EBPLYMCRe PRk AGWA & rPePE ¢aRThe I28se@Tfi tREut
particular limtation, and exanpl es thereof 25 include a honpgenizer, a

di ssol ver, aNEWn98erew Praretary 36 Trlgercand {Re IFitke FRélshape of an

agi tator of the

dispersion. When the isocyanate-terminated prepolymer is in

a solid form at ordinary temperatures, the prepolymer is

melted by pre-heating to a suitable temperature.

[0069] (b) Mixing a curing agent (chain extender);

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

dispersion under stirring.

[0070] (¢) Curing step

The isocyanate-terminated prepolymer mixed with the chain

extender 1s 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 argen, and a mixed gas thereof, and the air

20 dried to remove water 1is most preferable in view

[0072] As a stirrer for dispersing the inert gas

of cost.

in the

silicone~based surfactant-containing isocyanate-terminated

prepolymer to form fine cells, well known stirrers can be

used without particular limitation, and examples

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

thereof

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, and 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

preferably BdiGSt e8%ashenddéssar yne15hpp674L PR 896 “RéCRo@ lofBsreparing t he
f oamed pol yurethane, heating and _post-curing of the foam obtained by
casting theSté&rrrdit§p@rsi eAitAcHimply dndifescriingseirr BNt B tRdP@RSper si on
lost fluidity are effective in inproving the pgysicaL properties of the
foam and af&Péxegemaltyrsaist abréerad yTheceltic dicgperfdngn cgay Sbe cast in a
nmol d and i nmedi atel y post-cured in a heating oven, and even under such
condi ti ons, [R@ABII dnnet pireredichtiel proondoendd 166 fifleg entegctirve rsompenent s,
and thus the dianeters of cells are not increased. The curing reaction is
preferably gerdudhnedt2Franondemalfopresguresetld stisbielrisient he shgpe of cells.
37 [0075] In the preparation of the polyurethane resin, a well
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 is
10 preferably used. Such a stirrer 1s 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 polyurethane,
heating and post-curing of the foam obtained by casting the
cell dispersion in a mold and reacting i1t until the
dispersion lost fluidity are effective in improving the
rhysical properties of 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 catal yst accel erating 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 foanmed pol yurethane naxype in a batch system where each
conponent is weighed and introduced into a 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 i rovided.to _produce. nolded. articles. [0077] The polishin
Iaygr used #@PgPﬂeIBongthﬁpﬁﬁé%éPn1§%t% eppgggﬁgeﬁhﬁgﬁti8ﬁl@agabge&}oguced
by cutting a sheet of . the foaned onureHhane esi n prepared as descri bed
above | nto BOBRedeterHFRaCSTIE  SLODPBFOM XRE R SRFrG LFRd GHPha pr esent

invention, it is desired for theﬁﬁflishing I%yer to have a thiikness, whi ch
20 is not |itRFEEdI YoPMONE~PE 5895 CAmA LBl €5 9GP OtheE REEREIS 28R 1ysdFar i ng

t he polishing |ayer havin% t he above thickness include a nmethod of
processi ng R PEamSBlock LpFodPEd 3hY AMreNeChod "GesSetitded tabdfect 678 gi ven
t hi ckness by a slicer of band saM/t%pe or planer type; a method of casting
resin 25 i n9&tRsFAneEnpEPSnAg g aviftPrhdvimeg 18 §aven "ohilekdess to 38 cure

it; a nethod of using coating technique or sheet
predetermined shape mold after the mixing step.

[0076] The procuction of the foamed pclyurethane may be in
a batch system where each component is weighed and
introduced into a vessel, or in a continuous production

10 system where each component and an inert gas are
continuously supplied to and stirred in 2 stirring device
and the resulting cell dispersion is provided tc produce
molded articles.
[0077] The polishing layer used for the pcelishing pad of

15 the present invention c¢an be produced by cutting a sheet of
the foamed polyurethane resin prepared as described above
into a predetermined size.
[0078] In the polishing pad of 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 pelishing layer having the above thickness
include a method of preocessing 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 moid 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 pm 5
preferably not nore than 50 pm 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,
vari abi | i tyC8fet hitékReBS TR gfges i Rark e "dpp&rhiAYe of5

when t he
ing time is

| ong, which reduces the productive efficiency. [0080] In addition, in order
to restrai n"CRELIREr e PREcof anchéNehildkess of the polishing |ayer, the
surface of the polishing |ayer (zone) adjusted to a given thickness nmay be
20 buffing tl08dCddItThe Pebfireg thogatthentcals sprigierdahley tComaist éd st epwi se
by using abrasive sheets having different particle size. [0081] In the

pol i shing | apardabddied Plomhiikantsamed nodl ywret Hawe 30 e present
invention, it is required to 25 provide grooves on the polishing surface
(pol i sl ng zardrra®lyconttacons tthan Pét erd.al Wherbd hgolvisghied itld tpoldfsh t he

thickness is larger than 100 pm, the pelishing layer has

large crinkle, and portions having different contact state

with the materiazal to be polished are formed, which degrades

the abrasive performance. In order to dissoclve the

10 variability of thickness of the polishing lavyer,

the

surface of the polishing layer is dressed by dresser having

abrasive grains of diamond electrodeposited or melt bonded

thereon at initial stage of polishing. However,

when the

variability of thickness is larger than the upper limit,

15 dressing time is long, which reduces the productive

efficiency.

[00BO] In addition, in order to restrain the variability of

the thickness of the polishing layer, the surface cof the

pclishing 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.

[0081] In the polishing layer formed from the foamed

polyurethane of the present invention, it is required to

25 provide grooves on the polishing 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 the exterior thereof. The gr ooves
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 cuFgPIEFCISWELR] BeBatirAdPddes, Mo cdiahside tar éetamdulta® gr oove
conprising side surfaces and bottom surface, U shaped groove, V-shaped
groove and PRECFLRE.. Fi'§e 2bIrgsgvesSheddhi EreNessSainiew PAldstviad ng
grooves having rectangular cross section shape. The side surface 11 and 20
bott om sur f &8€ $2méf cohgugieosy ey cehavn sif eritg.vel varre taiimeer bsurtfgce of the
groove. The term"inner surface of groove" used herein refers to at |east
one surfacerotssihnde osuithacgrandelsot t Gmes urrfcaske sofa ltsve hgrveowve fungtéase of U
shaped groove, it is difficult to distinguish between the 25 side surface
and botX om sdr fuadécasmliyheiistmebusinftaddcofakinzes 4G sgrnoowe.onl mhease of
V-shaped groove, the inner surface of
polishing surface. In addition, the grooves alsc have a
function c¢f a path for briefly retaining abrasive waste,
such as abrasive dust, used abrasive slurry, ancd smoothly
discharging it to the exterior thereof. The dgrooves alsc
10 prevent the material to be polished from breaking by the
absorption ¢of the material to be polished to the polishing
layer.
[0082] The grooves on the surface of the polishing layer,
of which the cross section shape is 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 grecoves 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 ¢f the groove. The term "inner surface of
groove" used herein refers to at least one surface of side
surface and bottom surface of the grcove. In case of U-

shaped groove, 1t is difficult to 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 i% considered that the technical
ef fects acconplished by the present inve Yion 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-porqus surface._in mhg}e becau mar e excel lent technical
gaapern I

ef fects canIb8°VEbt aifed2°E5°F0 &5 6t e 1gPEdv & Yot 3T Ofol i shi ng
surface of he polishing |layer is not particularly limted, but includes,
for exanpleFE?OGESOWSOBP%B6P§65n8P1W05ﬁ“¥§U6ﬁ5§§rﬁéqeangle | oop, square
| oop, penta%on | .oop),  oval Ioo%r and the like. The nunber of the groove is
not particullPB¢128™ ithet 88 lastieAgPas ial i 9563 tha® ™2 1oThe 1T 15
arrangenent of the grooves is not particularly limted, but includes, for
exanpl e, | 08p tgP66¢ES2EGnEeRt HECaMPY L& ramfed SUEGEe Glooves IEEEHRt Hiocal |y
arranged, | oop grooves conprising one |oop groove and the other grooves
positi &ned PR AOPoPPIrOMS25USEEESUNded BRShET ddiF GHeeVe ¥ ViiRg §8Bildhi ng
surface and 41 the |ike.
depth and rectangular cross section shape, even if only the
bottom surface of the groove is non-porous surface, 1t is
considered that the technical effects accomplished by the
present invention are sufficiently obtained. However, it
10 is more preferable that the inner surface c¢f the groove,
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 [0084] The shape of the groove on the polishing surface of
the polishing layer is not particularly limited, but
includes, for example, round loop, polygonal locp (such as
triangle loop, square loop, pentagon loop), oval loop, and
the like. The number of the groove is not particularly
20 limited as long as it is not less than 2. The arrangement
of the grooves is not particularly limited, but includes,
for example, loop grooves concentrically arranged, loop
grooves eccentrically arranged, loop grooves comprising one

loop groove and tThe other grooves positicned in a portion

25 surrcunded by the loop groove on the polishing surface and



- [ 0085] Anobng 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 direction ©f the 10 di aneter on the pol i shi ng
| ayer. The |inear grooves nay be arranged in a lattice pattern. There may
be perforations penetrated fromthe polishing surface to the backsi de of
t he polishing | ayer in addition to the grooves described above. 15 [0087]
It is desiré&HSforkfhe groove on the surface of the polishing |ayer to have
awdth of 0.05to 2.0 mm preferably 0.20 to 0.50 mm Wen the wi dth of
the groove [P98SkaPrerdat har G00F MFPOVES sedicrfiped ALy eentéPPt HECOHBFasi ve
slurry in the groove, and the technical effects of 20 functioning as a flow
path of thezabradiedeisl Ghey fara odufPheeantily 6B ailsed arghPerigsgPages t he
abrasive rate. In addition, it is very difficult to process the grooves
havi ng a w drhvefwsmdl borashas ©e05onrmangsd apdodastiingisty cifs prgegeadad. On
t he ot her hand, when the width of the groove 25 is larger than 2.0 mm the
pol i shieng efthecwuirvevarea of the 42 polishing surface of the polishing |ayer
contact with the
[00B6] There may be grooves having the other shape or
recesses on the polishing surface in addition to the loop
grooves. The grooves having the other shape may be, for
example, linear grooves arranged in the directicn of the
10 diameter on the pclishing layer. The linear grooves may be
arranged in a lattice pattern. There may be perforations
penetrated from the polishing surface to the backside cof
the peolishing layer in addition to the grooves described
"above.
15 [0087] 1t is desired for the groove on the surface cf the
polishing layer to have a width of 0.05 to 2.0 mm,
preferably 0.20 te 0.50 mm. When the width of the groove
is smaller than €¢.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 tTo 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



material to be polished is reduced, and the abrasive rate 1is reduced. The
abrasive rate is a paraneter used for evaluating the abrasive properties. 5
[0088] In the present invention, it is desired for the groove to have a
pitch of 0.1 to 20 mm The pitch 15 is distance between the groove 14
formed and the other groove 14 as shown jn Fig. 2. Wen the pitch of the
groove is smaller than 0.1 mm nany grooves are formed on the 10 polishing
pad, and the polishing effective area of the polishing surface of the
polishing |layer contact wwth a sem conductor wafer as the material to be

polished is_reduced, which reduces the abrasive rate. t he .ot her hand,
Bhen' the pi eI LGP ITHe SORO00E o [LPqBR i 530 Lo 1 S OE hr 84381 e

pol i shing surface of the polishin%lLayer contact with the material to be
pol i shed i sTPhEFedsedt® BR/dPOURSDEH ¢ GraluGReki Shde Sélkésn Vend &gt eri al

to be polished and the polishing pad. Therefore, the material to be
pol i shed rerSvE§IEER-t hé NSoRPSRPRY Ch&AF (W éh Bed 38w t2g dgiecdedor
"dechucking"”). The pitch of the groove nmeans a shortest distance between
adj acent gr §0vasatingsd el fhiresdé§i PEPPRSIT ¥e groove to have a depth of not
|l ess than 0.5 mm which is a distance fromthe polishing surface to the
deepest® por tli0888df Iph&hgoremestr fayentwpen 25 tife desptiebf ohé&hgr oove i s
| ess than 0.5 mm the bal ance 43 between feeding and discharging the
abrasi ve sl @ropvies tpofrave a pitch of 6.1 to 20 mm. The pitch 15 is
distance between the groove 14 formed and the other groove
14 as shown in Fig. 2. When the pitch of the groove is
smaller than 0.1 mm, many grooves are formed on the

1C polishing pad, and the polishing effective area of the
polishing surface of the polishing layer contact with a
semiconductor wafer as the material tc be polished is
reduced, which reduces the abrasive rate. ©n the other
hand, when the pitch of the groove is larger than 20 mm,

15 the area of the polishing surface cof the polishing layer
contact with the material to be poclished is increased, and
the frictional resistance between the material to be
polished and the polishing pad. Therefore, the material to
be polished removes from the polishing head (which is so-

20 called "dechucking™). The pitch of the groove means a
shortest distance between adjacent grooves.

[00B9] It is desired for the groove to have a depth of not
less than 0.5 mm, which is a distance from the pclishing

surface tc the deepest portion of the bottom surface. When

25 the depth of the groove 1s less than 0.5 mm, the balance



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 qigth 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, a cutting tool of a predeterm ned
size, a nethod of casting resin in a nold having a given surface shape and

curing it, _a _nmethod of pressing.resin ysing.a press plate having a  given
Ul ace ShaBBT EeHetREH e FORNTHG THE Hrtocte By re BRocdrieHog abiy. o
met hod of forning . the_grooves by printing, a nethaod of form ng the grooves
by | aser |igHEZ1GePRG 1&aPRORIEFExI U8 Fdsdr &t e TSR ePiéferred is the
met hod of mechanical cutting. [0091] The polishing pad formed froma porous
material, 20ldGEANEs faalﬁe%e Py @fetthgn& o9 Ve ddl IR G pal "Shi F§Tthe
sem -conduct or device. In case of form ng the grooves on the porous

materi al by thRe KeéRarifcabhec thlickgessb@ir Cher PBPSh 156r daive Tf baved Joy
cutting the pore portion are forned on the inner surface, such as the side
surface and thét PehiZhisgr Facdacef 1hd igrod\e thFhe tysa@tdbodsithe sl urry and

44 abrasive dust are easily remained and accunul ated by the
polishing pad. Fig. 2 is also a schematic cross secticn

for illustrating the width 14, pitch 15 and depth 13 cof 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 tool 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 grcocoves by

15 phetelithography, a method of forming the grooves by
printing, a method of forming the grooves by laser light
using carbon dicxide 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 to polishing the
semi~conductor device. In case of forming the grooves 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



- 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 ﬁgove, it is considered to use
nmet hods of form ng the groove, for exanpiée, 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
easi |y cause heat _deterioration. .The heat. ggggﬁgoratioqﬁﬁgu S ﬁﬁ@lling of

the groove, PREPHEF “HEFdERENG S Phé SRS e Y R F winiYe i Cause 15
scratches. On the ot%&r %an , in case of formng the _pol.ishin Igyer by
non- f oamed FEESFPSE, Othd G 86V8 Ravi A BIRSoRP TTnrdr & Fa0& e &Y 1364 so
formed by cutting and the |ike. However, the polishing Iﬁéfr formed from
the non- fo&redFalérrye t edd§EEY PO etla PSRN Yot @R¢! 28'Cabr asi ve
slurry. In addition, since the non-foaned material has no pore forned by
foam ng, théPEBEaTEyEadfurtsy L egdvdedor &siSre adidt Krare sndlésdaife, whi ch
increases the formation of scratches. [0093] The polishing pad of the
present® i nveliioATdérprifs @9 L1z itke J5olrcshisnef figiem Hlor wed ired -a pordus
material and the 45 inner surface of the groove fornmed on the surface of
t he poclishing pad 1s not durable tc long time polishing.

[0092] In order to solve the problems described above, it

is considered to use methods of forming the groove, for

example, by heat pressing, embossing, laser processing.

10 The inner surface of the groove formed by the methods is
smooth surface without burr, but the inner surface has a
drawback to easily cause heat deterioration. The heat
deterioration causes swelling of the groove, 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-foamed 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
formation of scratches.

[0093] The polishing pad of the present invention comprises

25 the polishing layer formed from a porous material and the



pol i-shing | 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
snmoot h surface, which does not have any paeres. In case that the inner
surface of the groove has a non-porous surface, 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 um preferably 1.5 to 3.0 pmas a surface

roughness. ﬁ@rtgl‘?rfg{:‘&e&fl tﬂﬁ ?i‘@ @ge QHQH”S gg QLri‘ac%O?%hmﬁs curve

is larger than 5. the tec ects o ucing o e unusua

retai nment BElﬂgﬁlégf?Q%Q?{M%OSEUEBM—QB?RHQtsﬁ?%gbgten%£¥ gLai peduc 0 the

ot her hand, pr epar € non-porous surtace ving a

cent er "nel§x8£agsfkggggﬁgfg%5399£oﬁ saualinesn FULVE OL Lesaetppo 1.0 pm

based on the presen eve e polrshing pad of the

present i ivgnti op, i tggepglthLngrgHgfgc ag,0nogves and the inner

e.h
surface of e gro ve non-por ous ~sur 553 'S 'possI
effectively_r strain he he grogve fr sj dual , abrasi ve
Slurry and Pho. %asn%%x?ro% 8080 acr o soBfeb Se TRk o R et hobhbT F &R ng
| ayer is forned frog%gorou§ 46 naterlal Thgrg%o&g, it 1sh90555b|e to

prner su ce ¢f the groove for & po ayer

restrain th
has smocth surface, which does not have any pores. In case
that the inner surface of the groove has a non-porous
surface, it is 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 um, preferably 1.5 te 3.0 um as a surface
roughness. When the center line average roughness Ra of &
roughness curve 1s larger than 5.0 pm, the technical
effects of reducing of the unusual retainment c¢f 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 preéent invention, since
the pclishing surface has grooves and the inner surface of
the groove has the non-porous surface, it is possible to
effectively restrain the clogging of the groove from the

residual abrasive slurry and the retainment of the abrasive

25 dust even 1if 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-dinensional surfat 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. %QO 6] A nmet hod of .nmeking the inner surface of the groove on
the polishi AGteayer -a AoFI5orEEs dir fac@asdiiided % 5 étifod '$F forming the
groove by cutting and the like, and then processing the inner surface of
the groove UGUSHElNGH-3pONGES Sr frdice ARF I5oste priodessi mgid Bdams es of

met hods of post processing include a nmethod of irradiating a |aser beamto
t he surfaceP§Eticor P FHERaffer hsufdcdestond e D agtidsy & 45e ld Arbser
processing machine to nelt it; a nethod of thinly applying a resin to the
surface por tiogW-¢frithésabtdddrt Ysur f ace of the groove to level it; a method of
applying a resin to the groove portion, and then newly formng a groove;
and the | i kd.0035][ JB9TerBeanplies cfveartara esiumingsesd Horoft e ysosthnssscessi ng

47 include resins that can be used for preparing the polishing
curve”" used herein 1is 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-porous surface includes a

15 method of forming the groove by cutting and the like, and
then processing the inner surface of the groove to the non-
porcus surface by pest processing. Examples of methods of
post processing include a methed of irradiating a laser
beam to the surface porticn 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 grocve to level it; a method of
applying a resin to the groove portion, and then newly
forming a groove; and the like.

25 [0097] 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 solvent, 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 |ike. £0098 The polishing | ayer of the polishin ad of the
pr esent invé%?%%ﬁei S5 R Aeb #F oRfENRE pBPEGs tREt BFFRPT 118 ?H@rngﬁé?lPﬂ t he
polishing effective area portion, which is the polishing surface other than
t he groove pBY®Fon, TREhaRDPS, SEREaGPoBYe TPt ERCPEFt P8R B FHE2HBFi §Ri ng
| ayer, the porous surface is exposed. That is, the golish[ng surface has
m cro poresfopPD FDOIOPRTREIPBEi SAT AGCHalYoRPPh& 1pPesBht TRAVEBNEPORNARY be a
singl e-l ayered polishing pad, which is conposed of only a polishing |ayer,
or a | ani nat&@dopel PSAFhgnpadtEeHPr FBEnoamingesseatwentagersrobethe
polishing |ayer and a cushion |ayer positioned between the polishing |ayer
and a pol i shbayge25 prarehes48f petlDojisThRéE porilshindgtpadriesipr &ébetlbly t he
| am nat ed

groove portion include a method ¢f coating the resin

thermally melted thereto; a method of preparing a resin

solution by dissolving or dispersing the resin in a solvent,

and then coating or spraying the resin solution thereto; a

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

[0098] The polishing layer of the polishing pad of the
present inventiocon is formed from the porous material.

15 Therefore, in the pclishing effective area portion, which
is the polishing surface other than the groove portion,
that is, the groove pitch portion of the polishing layer,
the porcus surface is exposed. That is, the polishing
surface has micrc pores.

20 [0099] The polishing pad of the present invention may be a
single-layered pclishing pad, which is composed of cnly 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.



. poli-shing pad conprising the polishing |Iayer 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 jn a pattern portion when a
material to be polished having mcro unevenness 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 polishj layer, the ,uniformty within wafer is inproves by the
properties g$18$he%%%sﬁ? hspé§%r?a§51Foﬁéf%e?ﬁgyﬁaFhﬁei@mggagﬁg cushi on

| ayer is preferabl | ower than that of the polishing | ayer, which inproves
t he adapta%?%%$§l%? PAe E%TPEHFHGQI5§8er61FHé“ﬁthgeﬁa¥8?,t%ﬁd t he
uniformty of the polishing |ayer is inproved. It is desired for the

cushi on | ayersEb hateyah- Askdf %Pﬁ%%ﬂﬂggéy26 BE230 RoT20C pReferably 25 to
35. [0102] Exanples of nmaterials for forning the cushion_layer, which are
not |imtedsoBRenfaet tdetBenBRABOERIEFbPOUSREf BBELER1BHCh2E8  pol TSt er
nonwoven fabric, nylon nonwoven fabric, acrylic nonwoven fabric; a resin

i npr eghat edPSNhBRWLYERT f 4br FeIUSHER a8 psHgEster 2AGARBYEANT BBENCTRY

i npregnated w th pol yurethane; polynmer 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 a2 material to be polished having
micrce 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 cushion lavyer.

15 [0101] The hardness of the cushion layer is preferably
lower than that of the polishing layer, which improves the
adaptability of the polishing layer to the whole wafer, and
the uniformity of the polishing layer 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 layer,
which are not limited, but include a nonwoven fibrous
fakbric, such as polyester nonwoven fabric, nylon nonwoven
fabriec, acrylic nonweven fabric; a resin impregnated

25 ncnweven fabric, such as polyester nonwoven fabric



pol yur et hane foam pol yethyl 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 pressingnjt. [0104] The doubl e-coat ed tape
conpri ses adhesive layers on 10 the both surface 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

I . ddi ti I th iti for .t he adhesi I

et ude rubbPYEA0BEEAE BieR yy CEEP T re. Bas¢lCadaSt o ARl L RECTI RS, I n
view of the petal on cantent referred is the acrylic-based adhesive,
because it RAs SRBINSBENt AL oP STKETHECE ST GRZT f BB T Re *EonBosFEron of the

olishing | ayer may be di erent fromthat of the cushion.|ayer, each
D oheai ve 0o bl ah: 8. HbhE e coaPearEn L RER: NEVE THEFRarEare EEE28S i on

and adjust the adhesion of the each adhesive |ayer to suitable range.
[0105] The BBFi & ﬁnzlgﬁd obt ai ned as described above is nounted on the

polishing platen by bonding with a double- 25 coated tape, and the surface
of seniP-condfePdd Haferheanche 158 NabIPShERS PRE 18bdBFel8d8TedOt P8

conpri ses adhesive | ayers . ,
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-ccated 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. In addition, examples c¢f 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-hased
adhesive, because it has small content of the metal ion.
Since the composition of the polishing layer may be
different from that of the cushion layer, each adhesive
20 layer of the doubkle-coated tape can have different
composition and adjust the adhesicn of the each adhesive
layer to suitable range.
[0105} The polishing pad obtained as described above is
mounted con the polishing platen by bonding with a double-

25 coated tape, and the surface of semi-conductor wafer can be



on t'he 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
possible to prevent the tape fromrenainigpg on the polishing platen. The
sane conpositions for the adhesive |ayer as 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 'Congﬁﬂ%eé{"?‘f e'thydé'éﬁi‘%i_;%?@e&OHa%Qi E?Hnef‘?s&?é %Qgegwéemé ers

i nventi on. e sem - conductor I'S genera orne y depositing wire

15 metal ang,oxjdepfbilmopesilicon. vehet, A petbod,ols nohlshLAgcLpe: -

sem - conduct or "'waf er and pol 1rshing apparatus "used for e nethod are not

|mted, bupping; TRt hodal s, conduched, byqushng the.0ql Lshing.poparats

conpri si ng, exanpl e, a po I'ng pla supporfing a po
20 a S”pporEhgggéif‘ggi%goiéigk”thEﬁ‘Q) o EinggggéH‘g sinfc@t @%éa' to be
pol i shed (suc S a sent-conductor wafér), a  backing for ‘anrformy applying
pressute to tTe M@fer a dianr ab&agife sl Ery-ﬁeﬁging gechanisn1.ghe
pol i shi'ng p%% & B uRted  an" the % I Eﬂwng EI% 8 By E ﬁﬁiﬁa ﬁf?ﬁ &’ doubl e
25 coated tape. The oIisgin | at en_and supporting, stand are 51 osjtioned
such that thb bol TERTRE AN an8 Cemi T cofialirorne Sao8taEeR BetdusBORt
is possible to prevent the tape from remaining on the
polishing platen. The same compositicns for the adhesive
layer as that of the double-coated tape for bonding the
10 polishing layer to the cushion laver 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 depcsiting wire
15 metal and oxide film on silicon wafer. A method of
polishing the semi-conductor wafer and polishing apparatus
used for the method are not limited, but the methcd is
conducted by using the pelishing apparatus comprising, for
example, a polishing platen for supporting a polishing pad,
20 a supporting stand (polishing head) for supporting a
material Tc 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 supporting stand are



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 i shing pad while rotating the
pol i shing platen and supporting stand, and 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_ar t limted, are adjusted, to suitable
ange. [ O107pThePany, SH-hr GGkt 18 BBLEFGn6nPeRo "Bl FATS 6P EHE 15
material to bg ?olished auch as thﬁ sem - conduct or fer, is.snpothly
pol i shed. AFteF tﬁBpBBF?§ i RY, FafcPngtePoAding e FaeREgFRGPEAGVReYI i ke are
conducted, and sem -cqonductor  device is produced. The sem -conductor device
i s used for2Tpr 6EESE8F, LheRBF) ShBSFhe 3Nidk&2Ve02EXAKPEEST [FEYO8PTLon
Hereinafter, the present invention is described in nore detail by reference
to the ExanpFéBeChbiVethHe pPeskht SiAGerti 6hei SURBCII APt E§2PY t Re Exanpl es.
25 (Average Cell Dianeter) 52 [0109] In neasurenent of average cel
di anet &r, tR&essing mechanism for pushing the semi-conductor wafer
onto the polishing pad is provided. During polishing, the
semi-conductor wafer 1s pushed onto the polishing pad while
rotating the pclishing platen and supporting stand, and the
polishing is conducted while feeding the abrasive slurry.
10 Feed of the abrasive slurry, polishing lcad, revolution
number of the pclishing platen and revolution number cof 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
gevice 1s produced. The semi-conductor device 1s used for
processor, memory and the like.
20
EXAMPLES
[0108] Hereinafter, the present inventicn i1s described in
more detail 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 cal ¢fil ate 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 specifi d%CR4 thy TESSaEEmeReE ERREE | Alarsenpertdttire of 23C 2C
and humdity of 50%o0 for 16 hours. The specific gravity was mneasured by
usi ng a hydmerstrdr I(: SEIEr iafs K Dol (i idhelssyer (W3S Hatdniess® 6f pol i shing
| ayer 20 [0111] The hardness was neasured according to JIS K6253- 1997. The
mat eri al forthif&nssls sHi wdpduaydr maPadialliat cc@ thyd Aeawfr 2 @ 2 cm (a
proper thickness) as a sanple for neasuring the hardness, and the sanple
was | eft at macnodmuer atuhte rofa R23C2EMEMIE huo digys wf 1rBD%BfWrad: hurls. 25
The hardness was neasured by using a stack of the sanples 53 having a
t hi cknéss ofdimatetsgss tThen Bmmheniwds andarithess a slide glass, and the

diameter of the all cells was measured at an optional 0.2

mm x 0.2 mm sguare 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 to JIS

Z8807-1976. The material, such as the pclishing 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°CZx2°C and
humidity of 50%=%x5% for 16 hocurs. The specific gravity was
measured by using a hydrometer (Sartorius K.K.}.

(Hardness)
{1) Hardness of polishing layer

20 [0111] The hardness was measured according te JIS Ke253-
1997. 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°C22°C and humidity of 50%+5% for 16 hours.

25 The hardness was measured by using a stack of the samples



-meter (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 size
of 2 cmx 2 cm (a proper thickness) as a sanple for neasuring the hardness,
and the sanple was left at a tenperature of 23C2C and hum dity of 50%%% f or
16 hours. 10 The hardness was neasured byS%sing a stack of the sanples
having a thickness of not less than 6 mmwith a hardness neter (Asker A
har dness neter manufactured by Kobunshi Keiki Co., Ltd.). (Conpressibility)

15 [0113] The material .for the polishing layer, which cut into  di sk having
a di aneter V?nﬁnﬁ(éhﬁFgﬁéﬁstﬁ#bWﬁés&ﬁ?%M%ianuééﬁmhé”éjkéhﬁ@édpﬁﬁSneasuring
t he conpressibilité%#the sanple was left at a tenperature of 23C 2C and
humidity offe66Y0%KEE 40 MREEHS S STRE tednpreesdiasitiiiey s Kedadidéd 20 by

usi ng TMA (SS6000; manufactured by Sei ko Instrunents). The conpressibility
i s determ n&gity GSi-nglithe )f-ol lowing fornula: [0114] Conpressibility (% _
[(T,-T2) / T-] x 100 25 [0115] wherein T, represents the thickness of a
sanpl e 54 after @ppHeeaniess of IVskRra 360ey/ cnstress for 60

5 [0112] The hardness was measured according to JIS K&6253-
1937. 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.

10 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 Cc., Ltd.).

(Compressibility)

15 [0113] The material for the polishing layer, which cut intec
disk having a diameter of 7 mm (a 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%8F10% for 40 hours. The compressibility was measured
20 by using TMA (S56000; manufactured by Selkc Instruments).
The compressibility is determined by using the following
formula:
[0114]
Compressibility (%) = [(T.-Tz) / T-1 % 100

25 [0115] wherein T: represents the thickness of a sample



*secohds 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 measuring the conpreggion recovery, 10 the sanple was
| eft at a tenperature of 23C 2C and humdity of 60%0% 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

forml a: 15ak@%}7kﬁ§g??'ﬁ§§t%hi°8£r @‘éo‘}@%y (@%Egl(/gﬁxﬁlgé{rgéé?%rX6é~00 [0118]

wherein Tl represe ckness of a sa after applicatiron of 30 kPa

(300 g/cnR) r r nds the sanple, 20 T2 represents the
t hi ckness 0F8%8§5§a%§|égngégggsppﬁﬁgation of 180 kPa stress for 60 seconds

to th le in the state T1, and T ts the thick f th
Sanpl'e after no I oadda CTFESTBI- 60" SebbnHG ant T Ao BpprTELt b BT 30 25

kPa (300 o/ ciB);stress 127189 $8500d5.L0 the 33 aat 18 2Re 2LaLT.T2

5 in the state T,.
(Compression 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°C%2°C and
humidity of 60%*X10% for 40 hours. The compressibility was
measured by using TMA (S$6000; manufactured by Seiko
Instruments). The compressibility is determined by using
the following formula:

15 [0117]

Compression recovery (%)= (Ts-T:)/(T.-T;} x 100
[0118] wherein T; represents the thickness of a sample
after application of 30 kPa (300 g/cm’) 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 Mddulus) [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
viscoel asticity spectroneter (nmanufactured by |wanoto Sei sakusho, now IS

G ken) was used to determ ne storage elastic 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

Abr asi ve PrgggE% g¢s] [0120] As the polishing apparatus, SPP600S manufactured
by GCkanoto i ne” Tool Works, Ltd. was used in evaluation of abrasive

roperties of th esul ti Lishi ad. 20 (Abrasive rate 0121] The
gbrgsive rate magségf%?ﬁiﬁgﬁgg§ct gggéﬁéglatiog fron1a tine)uLtiI Lolishing
0.5 umthic DES§ % n OXId filmf on1tT mformed on silicon
waf er having i bi ngt%? %f ?%cﬁ%g ahHH ?ﬁléﬁﬂ@%@ 6? Bh°B%fde fil mwas 25
measured by_an nter erence t hi knesa neasurln ¥|ce 56 nanufgctured
ofi

by O suka DE%HI‘%ES T‘f‘i%s’p‘cﬂl;s?ﬁl g*tondPE sam Or measuremen

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

frequency, 1 Hz.

15
[Evaluation of Abrasive Properties]
[0120] As the polishing apparatus, SPP600S manufactured by
Okamoto Machine Tool Works, Ltd. was used in evaluation of
abrasive properties c¢f the resulting polishing pad.
20 (Abrasive rate)

[0121] The abrasive rate was determined by the calculation
from a time until polishing 0.5 pm thickness of an oxide
film from the oxide film formed on silicon wafer having a
diameter of 8 inches. The thickness ¢f an oxide film was

25 measured by an interference film thickness measuring device



‘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 pmthermalsgoxide filmwas deposited on a
8-inch silicon wafer and subjected 10 to patterning, 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

wafer was palihshed-under piherabeuerdeselided mRNYNIARSnARGNEAGN ons _
difference in level was neasured to 15 evaluate the planarity. The planarity

was det erm ned by %%%ﬁ%@%qgsﬁh@m%*@ﬁ?%%&f%%ﬂﬁ%%ér@GLQ§e“maGE%aE%u%ebocal

difference in l'evel, which is lev ence in the pattern where |lines

naving a W i obeR10, A weke sRaced At 30 o, that g pthe i Prence i

| evel after m nut rom ol'1 shi ng. e other i s the abrasi've anount in

oo bt o e ARTLRLT S SL00R ol SOLENESH D LN BEL T8, LR B0t L

spaced .at 30 pm_and a.pat.tern., where |i havi n i dth_of 30 _pmis spaced
at 2705pn1 fg ﬁaf P@g& g&“@opiﬁﬁﬁnA“gﬁ $§§§Yﬁhsa'dgéﬁ%% oe§Vaf5ate the 57

pl anarity. ?@%oﬁ%%&%%% %Qet%%c%g éff%g&gqﬁpr%%hlevel, t he

(Planarity)

[0122] For evaluation of planarity, a 0.5 um thermal-oxide
film was deposited on a 8-inch silicon wafer and subjected

10 to patterning, and a 1 pm oxide film p-TEQS (tetraethoxy
silane) was further deposited therecn, to prepare a wafer
having a pattern with an initial difference in level of 0.5
prm. 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 a local
difference in level, which is level difference in the
pattern where lines having a width of 270 um were spaced at
30 ym, that is, tThe difference 1in level after 1 minute from

20 polishing. The other 1is the abrasive amount in 270 um
space when the glcbal difference in level between tops of
lines in two patterns, which are a pattern where lines
having a width of 270 um is spaced at 30 um and a pattern
where lines having a width of 30 pm is spaced at 270 um,

25 was reduced to 2000 A or less was measured to evaluate the



.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 wthin Wafer) [0%;;] After polishing, the thickness
of the filmwas neasured at 25 points on the 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 Wthip, Vafer (o) = (Tmax - .Tm n)/(Tmax .+ T n),x 100
The snallerp€ﬁ8a¥é¥§é thFhSmﬁ%ﬂFSr%ngl%EE%tﬁéf Fé eF%tﬁg l&ﬁﬁﬁkr%@?y
within the Eur%ace %f t he siIicoa waf er i s. Nunber of sg&atch) 0125]
Nurber of sEr@PEReSREf SREET &ds PLASAT0.25 "Fm G YERE S50 MaféF &ftEF pol i shi ng
was neasured with a wafer surface_ analyzer WR500 nuf act ured by Topcon
Cbrporation%égbrggE@e oQ&ﬁﬁ@é&nﬂafo[5%§6Pafﬁ§rpnﬁ@r r PEEETpOLETOR 6f the
groove forned on the polishing surface of the polishing |ayer was cut out

as 25 a teSEpPefeliTRe t dd€ pléde CAdREFedPERSENE GIRss toldt ¢R8P rh a

wax. The center |ine average roughness Ra of a ,
5 the smaller the abrasive amount of the portion not to be

polished, and it is shown that the planarity is excellent.
(Uniformity within Wafer)
[0123) After polishing, the thickness of the film was
measurad at 25 points on the polished surface of a silicon
10 wafer. The maximum thickness Tmax and minimum thickness
Tmin of the film were used to calculate uniformity (%)

according to the following eguation:

[0124]
Uniformity Within Wafer (%)
15 = (Tmax - Tmin)/ {Tmax + Tmin).x 100

The smaller the value of the uniformity is, the higher the
uniformity within the surface of the silicon wafer is.
(Number of scratch)
[0125] Number c¢f 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 of the groove formed on
the polishing surface of the polishing layer was cut out as

25 a test piece. The test pliece 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 | engt h: 2500um Scan speed: 20pmsec Stylus force: 2nmg Stylus radius:
2. Oom 10 Cone angle of stylus tip: 60 deg§§e 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 roughness .curve as _the surface rqu ess Ra.
(Sectional gﬁ§ eaowaérooagf f%ff?f'%ﬁéméé%??@ﬁﬁ 59%%§§%§F Fﬁe%ngbve was
eval uated by using the follaqw.n val uation criteria. 20 Evaluation
criteria o: TAMS 2g& 9 S ﬁ& &lh%o&éfs\}éi IR TeSured &3 2953 f¥ in the
depth directi on when observing the sectional shape of the _groqve is wthin
the target MEAGETEN 3EhéUIdRCaticHTIGE $5hé 49w T aSuritng Bodimtss Wi ot
nore than 30 25 umor not nore than 10% of the target range. Therefore, 59
rectangl e Sébﬁpgﬁgpesﬁgﬁ@dﬂ§rbg?éﬁhg@pufactured by Tencor Corporation

5 at the following measuring condition.
Scan length: 2500um
Scan speed: 20um/sec
Stylus force: Zmg
Stylus radius: 2.Cum
10 Cone angle of stylus tip: €0 degree
Further 4 test pieces wWwere 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 is 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 evaluated by
using the following evaluation criteria.
20 Evaluation criteria
0! An averadge ¢f the groove width measured at three
points in the depth direction when observing the sectional
shape of the groove is within the ftarget range and the
deviation of the three measuring points i1s not more than 30

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



-L:- The average of the groove width is within the target range, but the
deviation is larger than 30 pm 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 targetg 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 }gngg@g%egeéwqgn%qag%%%ﬁdigyo%yéy%éJmafollomﬁng eval uation

criteria. Evaluation criteria o: nmore than 80 pm L: From80 to 100 pm

20 x: Not Iess than,JQ0 pm (\ear, Of,ar g0ve i gress| na. Lagl): ] 01201 After

processi ng the groove by using the groove processing too of 'whi ch the

cutting edog uas neuky. palished Lhe wear, state.of I he cutdj ng edge of the

groove 25 processi ng todl was evaluated. e corner portion 60 of
the cutti ngB%(%g_% %@O‘ﬁ%r'g%ﬂ? %’or?ne\éa%n yasautr %%e( %rl{sllo%g. The rectangle
5 sectional shape is dgenerally cbhtained and the deviation of

‘the three measuring points is not more than 30 um, but the
average of the groove width i1s slightly out cof the target
range.
%: The average of the groove width is out of the
10 target range and rectangle sectional shape is nct entirely
obtained.
{(Surface burr)
[0128] Burr from the groove to the surface in the sectional
surface, in which the sectional shape of the groove was
15 measured, was evaluated by using the fcllowing evaluation
criteria.
Evaluation criteria
0: Not more than 80 pm
A: From 8C to 100 um
20 X: Not less than 100 um
(Wear of groove prcecessing tool)
[0129] Affer 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



-a 'scanni ng el ectron m croscopy SEM or mcroscope), 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. 4: R=0.20 to 0.30 nmand the corner
portion of the cutting edge is slightly g cked. 10 x: R = not |ess than
0.30 mm and the corner portion of the cutting 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

oY NGB chanbant iog. gmealaly i eced ondss paai velstiygl o

silicone-based nonionic ctant (SH192 w~ Cor ni ng

Silicone Co.. oLLde) yerectptrpdyeed Lato, 20-4 flugiLug coated yassecand

m xed, and ?he enperature was mainta f e Wwas

vigorously SLLETS [RL BRGUL 4.0L0ULER Rt hout (900 ¢ am by yoi (g, ,T I wori ne

coated stirrer wt g arr-intfo reaction process. s by

wei ght of 4 ﬁ'-gei2¥%ene-bgséo-%hloroaniIine) 25 (1l hara Cuam ne Mr
manuf act ur ed By - PhaPd e 8al2FAglistFy) 612 previously nelted at 120C and

filtergd was intgodgceg. thereto. /After stirring for about 1 mnute, the
m xed valuatlon criterla

o: R =0 to 0.20 mm and the corner portion of the
cutting edge is not nicked.
A: R = 0.2C to 0.30 mm and 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 cutting edge is largely nicked.

{(Example 1)
Preparation of polishing layer
15 [0130] 100 parts by weight of a polyether-based urethane
prepclymer (Adiprene 1L-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
Tcray 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
abcut 4 minutes at about 90C rpm by using a fluorine coated
stirrer with introducing air into reaction process. 26
parts by weight of 4,4'-methylene~-bis{o-chlorcaniline)

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 obtaLn 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 p as ific gravidty of 0.. a hardness of , 53, a 15
conpr essi bi Igﬁeyl&rgsll.yo&%%;tecdor?pge@sq on arréd(:oﬁllgr%roeﬁ]é’?%%& S S exur al
nmodul us of 5 MPa. The buffing treated heet was, punched into a disk
v ng o i SHEREc bt | B LA CHod 18T ey G CodbehiTac w1 qke gr ooves
having a depth of 0.8 mm wdth of 0.25 mmand pitch of 1.5 nmwere 20
formed on t R3S &V e Hisetl iy UGHRE & St fade! VYr' 0 &€ Bri&essi ng
machi ne (Toho Engi neering). [0132] The resin used for the foaned

pol yur et han@&ediviPe SIRSSt st pr dpired s TR i Yo Advewid o dtCtsti rri ng
with introducing air into reaction process, and then the resin:ES was

vacuum3ef odnsd it & hgr 5ar%e i e8ith s et fotepostd 6208 hrotedidfy. L Tthe

resulting resin was coated on the groove ortion in the uncured state, and
cured by hedtont reedtaigrt .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 obtain 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 recovery cf 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 of 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
sheet was prepared as described above without stirring with
introducing air into reaction process, and then the resin

25 was vacuum defcamed to prepare a resin used for post



-The cured resin portion was then cut as descri bed 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 had a 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 O. : m 3 | e- t ta oubl estack tape

manuf act ur e rgggéﬁgnéékigg% %%8@9g§ﬁ8c§?%qﬁt§gf a %gggd%EO%Pﬁeggggggite si de
of the groove_processed. surface of the polishing |ayer. sheet by using a
ar nat or - PESAGGE O o SPBNERP R SPAG o 0730 CALESh S Ayrend ARl foray PEF
manuf actured, by Toray 20 Industries, Inc. t hi ckness, Q.8 having a

sur f ace brggﬁeﬁuﬁFshrﬁsﬁﬁfPoéﬁdoguﬁﬁécﬁéﬁ%t Uéo?&nge?Féépﬁggg%ggeatocushion

| ayer was I%ninated to the adhesiinsurface,of t he _doubl e-coated tape on

the pol i shi h§TPagéroBFsudPAgia (PPEN RACGFS SR %ddi t11°6n & 'dddbiéScoat ed t ape
adhered to 25 the,opﬁosite si de of .the cushion |ayer E%Iusin a |l am nator 63
to prepare &tpBPrsieng pRBIUFEEd6T I FRE YibFadiv & prdpetfe SOt Sthé ¢Fd8ul t i ng
olishin
P g As a result, the polishing layer, 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 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¢ um.

f0134] A double-coated tape (double-tack tape manufactured
15 by Sekisuil Chemical Co., Ltd.} adhered to the opposite side

of the groove processed surface of the polishing 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 corcna treatment as a

cushicn layer was laminated to the adhesive surface of the

double-coated tape on the pclishing layer by using a

laminator. In addition, a double-coated tape adhered to

25 the opposite side of the cushion layer by using a laminator



-pad were neasured or evaluated. As a result, a silicon wafer polished 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 (Comparative Exanple 1) 10
[0137] 100 parts by weight of a polyether-%ased ur et hane prepol yner

(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
nanufactureﬁ bé Tor ay Dow Cohning Silicone Co., Ltd.) were introduced into
15 a fluori h8 B65PGSVEsEaL T8R4 Hi R&H, and the tenperature was mai nt ai ned
to 80C. The m xture was_vigorously stirred for about 4 m nutes at about 900
rpm by usiné°é3ﬁwugpﬁnéb66 £88 PEPPREETSH OF ithEr 8G5SLAd ™S POitAta P 8act i on
process. 26 parts by weight of 4,4 -methyl ene-bis(o-chloroaniline) 20

(I hara CuanP@d Nﬁrﬁaﬁﬁﬁéé GFe8T by VRRARL Cheni'Cal® FRGULLryP Spré¢Pdusly
melted at 120C and filtered was introduced  thereto. After stirring for
about 1 mi ntéSrt RelhAPked Prekétigntss wOldFhvas Pacr ddGcéd fithto a fluorine
coated_pan-type open nold. Wien the reaction solution did not 25 flow, the
nol d was pufcrAtaRedvaRdaf@cposfiidqrBd tar BIOCtES PPAr s6 1R6uPact 888 oduce a

f oamed pol yuret hane resin bl ock. This foanmed pol yurethane resin bl ock was
sliced by ad9spHcefability 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 paris 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

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 (Thara 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 cocated
pan-type open mold. When the reacticon soluticon did not

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



-ofv band saw type (manufactured by Fecken) to obtain a foanmed 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, um a specific gravity of 0.86, a
har dness of 53, a 10 conpressibility of 1 % 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

circul ar gr%%ge% ﬂ%ﬁ'ggt% Jeptn.of, Q. %ﬂ%%Fﬁﬁlgb?e%%a%e2§e%qha%ﬂgEkFCh of

1.5 mmwere formed on t he sur ace of the sh by using a surface groove

processing gaql 0o lahe Fndlineeri nok Ja PraBARe Lhe o ROIEhi NG Layer sheet

havi ng groove processed hlng surf nner sur face of the

groove (\Mth%utoa%%_stg%oft rOC%%%éQ%ECQ?%fﬁbFPn%%bﬁﬁ e ave&ﬁgg r%ughness Ra

of a roughness carv - coat” tape

(doubl e-t ac mpg uf ac% red b Seki.sui_ Chem cal Co., Ltd.) adhered to
t he opposit é°§i'de o thé é@@gvé S0 esSEd 'sur face of the polishing |ayer 25

heet t f Pol h P 0141] A
b0l yot fyl end OtaRh ?&P%e&ﬁwﬁé ed gy cfey ap o Bputt [

{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 ©5.0%
and a flexural medulus 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 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
polishing layer sheet having groove processed polishing
surface.
[0139] The inner surface of the groove (wiﬁhout 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 cpposite side
of the grocve processed surface of the polishing layer

25 sheet by using a laminator.



-Industries, 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 layer by using a lamgator to prepare a polishing pad.
10 [0142] The abrasive properties of the resulting 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 sl |y, [ in the grooves. 15
(Exanple 2) [0143] 10%;5§¥%§rg§y&gf%ﬁP15¥ha péﬁﬁgther-based ur et hane

prepol yrer (Adignene 41325 TAMAGLUed by Nty gl NOO . SON! 801512 27

meq/g) filt by wei g SI I cone- d non

sur f act ant I?g#%% q%@pf%ﬁ{ﬂgsqtgx e ora gbélkﬂ9§§%!| %Q%ﬁ%p Ltd.)

were introdu nto i 'né coa vesse

tenperature,was |nt %t TMamxt re was Vi garousl tlwedfm
about 4 ni ndtét heréaé"t}o fff&p U SEEIG &S (Fori e "Eodt & SCHps/etnlsﬁr Fer Wit h

q h
o0 S SR BSR4 SR 2,

hara Chert cal, ndustiy), (Brevioushy [elited al, 120G and fltered ves

laminator. In additicn, a deouble-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 of the resulting polishing
pad were measured cor evaluated. As a result, a silicon
wafer polished by using the polishing pad had scratches
after polishing for 15 hours, and the abrasive dust and
abrasive slurry were unusually remained 1in tThe grooves.

15 (Example 2}

[0143] 100 parts by weight of a polyether-based urethane
prepolymer (Adiprene L-325 manufactured by Unircoyal, NCO
content: 2.22 meq/g) filtered and 3 parts by weight of a
silicone-based nonionic surfactant (SE19%2 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 cof 4,4'-methylene-bis{o-chlorcaniline)



thereto. 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 yuret hane resin block was sliced by a glicer of band saw type

(manuf actured by Fecken) to obtain a 10 foaned pol yurethane resin sheet. The
sheet was buffing treated with a buff (manufactured by Amtec) to forma
sheet having the desired thickness (sheet thickness: 1.27 mm). The buffing

treated sheet fLor, the.nold shi nabaver lad AN AXGLAYS Geld, IRNRLer o 45

pm a specific gravity of 1 a har 3, a conpressibility of

1.0% a_ coppressian seavery f 165-0%and 4 fexy al, Jdulus. o 275 Wa.

[0144] The buffing't eet “was pun into a aving a dianeter
OF 24 oS (A0, o A0 Sanesntyy o 20yl A A10EVeRIRNG o W dih of
e, Dol Lshong Jayer snest Ul 19, 3CUTLA0E 910G BLOSSROLIg, JRCh re. A
vas medsur od T 68y SREe Eiide. ¢ Pha TGt GOVt Kt ReR HarT ra ar of the.
groove processing fool Mef ¢ 2valyated S eld $ & cured at 110°C
for & hours to preduce a foamed poclyurethane resin block.
This foamed polyurethane resin block was sliced by a slicer
of band saw type (manufactured by Fecken) to obtain a
10 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 polishing layer had
an average cell diameter of 45 um, a specific gravity of
15 0.86, a hardness of 53, a compressibility of 1.0%, a
compression recovery of 65.0% and a flexural modulus cf 275
MPa.
[0144] The buffing treated sheet was punched into a disk
having a diameter of 24 inches (610 mm), and concentric
20 circular grooves having a width of 0.25 mm, depth ¢f 0.4C
mm and pitch cf 1.5 mm were formed on the surface cf the
polishing layer sheet by using a surface groove processing
machine. A feed speed of a groove processing tool was No.l

shown in the following Table 2. The surface roughness of

25 the resulting groove processing surface was measured, and



Shown in the followng 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., thihckness: 0.8 mm having a surface
brushed with a buff and 10 subjected to corona treatnment was lamnated 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 gushi é] dyeredy Hsiie, &hamaatgr- £ o0 eRale & pald shing pad.
15 (Exanple 3) [0145] The polishing pad was prepared as described in

Exampl e 2 exfept.d halodde ierdaneoh Al & o7 opue, Profgssiag, 100l yas No- 4

shown in the fo e surface roughness e resulting

groove Processlo SUface A% 29 drensired, and 4hs shape pladhie ar cove,

surface burra wear 0 ve processing wer e evaluated. The

results are sh in.the ow Table 1 T T ative
Exanpl e 2) [Céjf dﬁaé)epoﬁcliogﬁlneg %g:dk \;\agasp%r%%gﬁrjfeeﬁ?gls&d%s%i e 5?%1 25 Exanpl e

2 exce th the fe speed. of a,groovye_ pracessing 68 tool s..No. 11 shown
inthe Tollo heﬁrblclaalbfcgo 2. %’qsuaqugeclée r%(gg%n%s%p%%]t%% Srlecg%lél\fn%hegroove

processing %%gé¥éaﬁ¥§%essed surface of the polishing laver sheet by

using a laminator. A cushion sheet (polyethylene foam,
Toray PEF manufactured by Toray Industiries, 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 con the polishing laver by
using a laminator. TIn addition, a double-coated fape
adhered to the opposite side of the cushicn laver by using
a laminator to prepare a 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 polishing pad was prepared as described in

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



-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 following Table 1. [0148],Table 1 Exanple No. Conparative
Exanple No. 1 2 1 Surface 5.57 8.59 12.54" roughness Ra Abrasive rate 2300
2300 2350 (A/mn ) Nunmber of scratches 53 76 178 (per a wafer) 10 [0149]
Tabl e 2 Feed speed of groove T Groove No. processing tool (mmn) Burr W

(sec) Shape(}f‘o(ﬁ. g{a%?)%lg?&gl_s?{o%gl 8L”n8§hje %l]i'o%n% Ofa%lez 20 OJTh%' %‘?hrc%'a%% 0.08

- o000 3

roughness of the resulting groove 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 Takle 1 and Table.Z.
[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.

[0148] Table 1

Comparative
Example No. Example No.
1 2 1
Surface 5.57 8.59 12.54
roughness Ra
Abrasive rate 2300 2300 2350
(A/min}
Number of
scratches 53 76 178
(per a wafer)
i0 [0143] Table 2
Feed spged of groove. Ts Groove
No. | prcoccessing tool (m/min) Burr W
{sec) shape
1 2 3 4
1 0.01 0.03 0.05 1.00 1.00 A o A
2 0.01 0.C3 0.05 0.08 - 0 0 [}
3 0.01 ;0,03 10.05 - - o o o)
4 0.01 0.03 - - - 0 o) e}
5 0.03 0.05 0.08 1.00 - o A O
6 0.03 0.05 0.08 - - o) A o




-4 0.1 0.083- - - 000 50.030.050.081.00- opO 6 0.030.050.08- -
OAo069 70030.05-o0po 8001----00x 9003----4A010
0.05- ---xx0 11008----xx0 121.00- - - - xx 0 13 2.00 -

)

- X X A Ts: Stop time of groove processing tool W War of groove
processi ng tool [0150] As apparent fron1t?$ results of Table 1, the
pol i shing pads of Exanples 2 to 3 had snmallTer surface 5 roughness of the
groove processing surface and smaller nunber of scratches than the
polishing pad of Conparative Exanple 2. The polishing pads of Exanples 2 to
3 had exqgel{ent ahrasi e prapertjes as coapared with the 5 poljshing pad of

Conparat i\ Exanple 2 10 1101513 thelother hand__in lthe poljshing mad of
Conpar at i e é&xagpbe 2 produced without the-nethiod ef Qroducing the
pol i shi ng {pad—ef—thepreseAt—nveption—the—abrasive—rate—wasthoet—+educed,
but the nqnﬁ%r of Oscnatches =was yery |arge and| th& burfr dn the serfage of
the pad fr rOOVE procgessingrwas grgely degraded:
P T TP UEReyE P >t gEny aear g % o

11 0.08 - - - - X pr o

12 1.00 - - - - X b¢ o]

13 2.00 - - - - b¢ b4 i

Ts: Steop time of groove processing tool
W: Wear of groove processing tool
[0150] As apparent from the results of Table 1, the
polishing pads of Examples 2 to 3 had smaller surface

5 roughhess of the groove processing surface and smaller
number of scratches than the polishing pad of Comparative
Example 2. The polishing pads of Examples 2 to 3 had
excellent abrasive properties as compared with the
polishing pad of Comparative Example 2.

10 [0151] On the other hand, in the polishing pad of
Cecmparative Example 2 produced without the method of
producing the polishing 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

15 groove processing was largely degraded.

[0152] As described above, the feed speed of & groove
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 grcove



[ 0152] As descri bed above, the feed speed of a 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, stepw se
increased in No.4, and increased or decreaged in No. 1. In No. 1, there is
atime that the feed speed is =zero at the position of reaching the groove
processing tool 5 to the desired groove depth. [0153] On the other hand,
No. 11 is a conventional nmethod of producing the polishing pad that the

feed speed ofy dheqigrooue 1PhACessing d0ala lpoanstant | muidiaigr oove

processing “step. Inthe polishing pa f anples 2 an the ‘10 grooves

havi ng pr eCis%%graﬁ(séLeﬂl%'c‘%e%%%td %a!Nos.Qe}pgayr?c{‘tcﬁr?cJe%V%eé%ﬁ %%ec%‘érsrecognt he

groove process ace are obtaine st'epwi se varying the feed speed of

t he groove RﬁﬁC%SSig%,g%POH a§5%3@M1' %-Ngﬂm;tﬂﬂﬂi”Qﬂfﬁﬁgg?géggﬁggﬂﬁr hand,

in the polishing p ‘Cortparative anpl e 2, since speed is

constant as shown.i No. . .t he ctional s e of the agroove i ot
zer‘ﬁ:(]JI at Q&le o]sjitl Srereaﬁr}lnlyngs{]:?feacger%ou\%er rg)ncet%sgn&? {c')ol

preci se rectangl € and t Re groé%%chas oove
processed surface. 71. V%%T IS CL IS: 1. A sem conductor wafer
pol i shi%ng pg'é’ % I r?&szﬁre oVeS Y ge&%ﬁ 'shing surface and forned froma

f oared [0153] 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 grocove 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 obtained
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 pcolishing 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.



*pot yur et hane, wherein a processed surface of the groove 5 conprising a side
surface and a bottom surface has a surface roughness Ra of not nore than
10. 2. The polishing pad according to Claim1l, wherein the processed
surface of the groove has a surface 10 roughness Ra of 1 to 9. 3. A

sem conduct or wafer polishing pad conprisfng a polishing |ayer, wherein the
polishing layer is fornmed froma porous material, a polishing surface of
the 15 polishing | ayer has grooves, and at |east one portion of the inner
surface of the groove has a non-porous surface. 4. The polishing pad
according to C ai m 3, wha@ qigh dhevpen-prous surface has a center line
average 20 roughness Ra of a roughness curve of 1.0 to 5.0 pm 5. The

pol i shing pad accordi Rg t0 ANt o .C@ 4 s Whenel dQove, has a
depth of 0.5 to 1.5 mm 2€ 6. The pocishlng péﬁ accor |ﬁ8ﬁ%o angg%e of I 72

Clains 3 to rgin gt f J%&%if NeLNs materi al
havi ng an a\?%r a\sﬁeé%cgl dlrbgjr%gggrﬂyf r%fjﬂceéoéﬁ 9 . The poI i shing pad
according t n Cl ai to gggq I has a
specific ¢ a\eliiys(J %¥gﬁm% “% %b/cégr) R 4¥% ﬁg§p§ggaccor§3ng to
anyoneEpf comprising 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

10 roughness Ra of 1 fto 9.

3. A semiconductor wafer polishing pad comprising
a pclishing layer, wherein the polishing layer is formed
from a porous material, a polishing surface of the
15 polishing layer has grooves, and at least one portiocon of

the inner surface of the groove has a non-pocrous surface.
4. The polishing pad accerding te Claim 3,
wherein the non-porous surface has a center line average

20 roughness Ra of a roughness curve of 1.0 to 5.0 um.

5. The polishing pad according to Claim 3 or

Claim 4, wherein the groove has a depth of 0.5 to 1.5 mm.

25 6. The polishing pad according to anyone of



10 Ctains 3 to 7, wherein the polishing layer has a conpressibility of 0.5
to 5.00. 9. The polishing pad according to anyone of Cains 3 to 8, wherein
the polishing | ayer has a hardness 15 of 45 to 65. 10. The polishing pad
according to anyone of Cainms 3 to 9 further conprising a cushion |ayer,
wherein the cushion layer has |ower hardpess than the polishing 20 |ayer.
11. A nethod of producing a sem conductor wafer polishing pad conprising a
step of nechanical cutting by stepw se varying a feed speed and feed anount
of a groove 25 processing tool to formconcentric circular grooves having 73

rectangl e segtijpuak shape Q;ﬁefrfé‘iranH S*fs'orig_s%‘ir 5‘3 Svek2: sThe AFRlhed ;acgor ding

to daim1ll, mhereln the’ st ep o fornlng the es conpri ses stopping the

feed of .0 r.QGge t Qql Lerhain t thepasi tion
that the gréggggﬁr@§§§gﬁ%3 ?%gﬁ% e%@hes a es?rég &%hg%e% 3% ?ﬁegéeﬁﬁod
accordi ng tg o aim1ll, wherein the 10 feed speed and feed amount of a
groove processing tool are stepw se varied and increased in order of
precedence. 14. The nethod according to Caim1ll, wherein the polishing pad
is formed froma foaned pol yuret hane. 15

5 7. The polishing pad according to anyohne of
Claims 3 to 6, wherein the polishing layer has a specific

gravity of 0.5 to 1.0 g/cm’.

8. The polishing pad according toc anyone of
10 Claims 3 to 7, wherein the polishing lavyer has a

compressibility of 0.5 to 5.0%.

9. The polishing pad according to anyone cf
Claims 3 to 8, wherein the polishing layer has a hardness

15 of 45 to 65.

10. The polishing pad according tc anyone of
Claims 3 to 9 further comprising a cushion layer, wherein
the cushion layer has lower hardness than the polishing

20 layer.

11. A method ¢f producing a semiconductor wafer
polishing pad comprising a step of mechanical cutting by
stepwise varying a feed speed and feed amount of a groove

25 processing tool to feorm concentric circular grooves having



*15. ‘A nethod of producing a sem conductor device conprising at |east a step
of polishing the surface of a sem conductor wafer by using the polishing
pad according to anyone of Clainms 1 to 10.

73

rectangle sectional shape on the polishing surface.

12. The method according to Claim 11, wherein the
step of forming the grooves comprises stopping the feed of

5 the groove processing tool for a certain time at the
position that the groove processing tool reaches a desired

depth.

13. The method according tc Claim 11, wherein the
10 feed speed and feed amount of a groove processing tool are

stepwise varied and increased in order of precedence.

14. The method according to Claim 11, wherein the
polishing pad is formed from a foamed polyurethane.
15
15. A method of prcocducing a semiconductor device
comprising at least a step of polishing the surface of a
semiconductor wafer by using the polishing pad according to

anyone of Claims 1 to 10.



