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DESCRI PTI ON  POLI SHI NG PAD, METHOD OF PRODUCI NG THE

SAVE AND METHOD OF PRODUCI NG SEM CONDUCTOR DEVI CE BY
nventi on relates to a polishing pad used f or MMM
invention relates to a polishing pad used for
polishing a material to be polijshed, a nmethod of . sgs0m
produci ng the polishing pad and a net hod of produ0|nm

o210 part et ary, Cr1Lelat o2 oo pol  oht oo IKANMIITAN
used for planarizing intg Sngg&nge!ectrics_and t&oeoo2+
like by CMW (chem cal nechanical "polishing) in the

EORLFLIE iy CUEERSH, B BrSEiRC A anaE ABi umper o
P D P PO R RF OE| BEoup e 5.,

sem conductor integrated circuits, the device size

have been scal e down and the integration has 20 been

AR e thee TV e st ructure has been conpl ex and.
SLSET LRRGHGoenE IPRhbUBhE LBFom EPopPo2ésaing pad
ST Sotch OF | GRUTBon BACEA £ CababPy DAl GANF8soF URPBROA of
e Tt VB D bL pRORBSBR| E1Ye@ oREBNPE OF i PRPYBAGES =
S An 02 EE 80vEE by rE Ehe L0108 ing pad. More

particularly, it relates to a polishing pad used for
planarizing inter layer dielectrics and the like by CMP
(chemical mechanical polishing) in the manufacturing
process of a semiconductor device, a method of producing
the polishing pad and a method of producing a semiconductor

device by using the polishing pad.

Background Art

[0002] Recently, in semiconductor integrated circuits, the
device size have been scale down and the integration has
been improved, and micro processing has been required. 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,

particularly high resolution in photolithography process
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phot ol i t hography process, techni ques of exposure by
using a |ight source of shorter wavel ength have been
devel oped. A 5 nmethod of conpensating the deficiency
of the depth of focus to assure the resol ution
wi t hout defocus of a micro pattgrn by reducing
unevenness in the device structure as possible has
been attenpted. [0003] As a method of planarizing the
unevenness in the 10 device structure, the C?P

104, i.ch_m.rrc -surf pr.ocessin a . .
ST 6n “arer “uad gﬁg?ﬁéﬁ,5ﬁ§§%ggéﬁ9u§%@ﬁo%&%s;%lve organic
a at r [ i;ng in the . .CVP methaod i
SPoan oS SPeAss Tt PRSP e i hpBaratus dSedhe

y.reference to

i i i ded,w.th i shi | at .
PP e R o B R 15 Betr i awgé&e%f?? d SR e DY using 3
[ li_shi 5 orting a

Sn%ﬂ?Q??ilsgtg‘é%tﬁgggo%?@?ﬁé%%%é’& RARE N feentdarderaioped. A

: i shi I 2_and th t]
Fafhba dcRRpERded olc A Enae Eha hom Sl gadePtiand focus
' b li.shed .4, bot f which 20
LS RSBy R sBlRs S et Belhchl o nepaceorn
pol i shi.ng.pl aten and the . su ortin% stand are _
cgﬁsfﬁgﬁgégg HOCBENEEFaLIE b8 BEAEICRg SAFHGHRY T RSt PRgSible

sFaft% 6 ang 7. TEs material to be polished 4 is
sPAEkP6f"t RE*EBPH6F i ng stand 5 which is provided |
Wi ressi ng mechani smfor 25 pushing the materia
té5§8gégﬁﬁsﬁewgﬁh8ﬁt8ftﬁéaBéFﬂéﬁpﬁthe BagVEnaesshdn the
ne, of polishin%_(not i ndi cated). Abrasive (slurry)

|I

t .
35?Vé88iﬁ§rH€6H5 st F¥Ft Befbed afcabPashvairror surface

processing of a silicon wafer was applied, has been used.

An apparatus for generally using in the CMP method is shown
by reference to Fig. 1. The CMP apparatus used in the CMP
method is provided with a polishing platen 2 for supporting
a polishing pad 1 and with a supporting stand (polishing
head) 5 for supporting a material to be polished 4 (such as
a semiconductor wafer). The polishing platen 2 and the
supporting stand 5 are arranged such that the polished pad
1 and the material to be polished 4, both of which are
supported by them, are opposed to each other, and the
polishing platen and the supporting stand are constituted
to be capable of rotating around rotating shafts 6 and 7.
The material to be polished 4 is stuck on the supporting
stand 5 which is provided with a pressing mechanism for

pushing the material to be polished 4 onto the polishing
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suspensi on havi ng 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 CWP apparatus conprises dresser having
abrasive grains of diampnd elegtrodeposited or nelt
bonded thereon to dress the surface of the polishing

pad (not indicated). [0004] As an exanple of the

nmet hod, there is a nmethod of 10 dressing the

pal i;shin resser, .rotati the shafts 6 an ,
7?g%u2h?%geﬁge?ég e §4p8%38%ﬁﬁ§ B%PFSHPﬁdCﬁgﬁdf'by rasive
thlgres?igg_Eecganisn1 ile feedi.ng an abrasive ,
sI'Grry™Yf rom tRE“aBPaBFTE28EGM - fidediOnd SfEc REniedhag 1ve

to _the centeé MEortign of the pqlishing pad tao . .
pol' PEAIRGCTPhEVaFEr 2PFAS1ECt HE 2P A¥CRodS mildiga particles
saratches on the Ii¥eg_to be polished such as the

i it 8PEF5G8r 18i 8RedtFPed 6P1Hd ORafter theneoldissdadsiped 1 on
o% t he brﬁgive rate and poor uniformty of the

abP&sPO& I GRDOAL PARERPNZt he IBuRASEE 160 a téiel (CMEn ampbae tus
are robl em 20 [0005] In order to restrain the

f GPHREFBRSoF T ER&CHI BRYINEcRREGRAYE OEailgsnededdampnd

th?t abrasi ve dust of the polishing pad and di anond

of L EREr B 8BSl LREr ABdMALEI REndgFesbiRAgODf tohdress the
polishing pad, inter |ayer dielectrics, abrasive dust
oFUF h&CRaPér CARIPRS é8NABEaBRYe (8PGr Apd2tated) .
(collectively, abrasive waste) are discharged to the 4
ekPRPA brAsf abhexpBPLshPhgthadmethotihe themeentsi enaletGhR of

apparatus, the abrasive waste is discharged by
C@ﬁ@ﬁﬁa@gsppe polishing pad by dresser, rotating the shafts

6 and 7, pushing the wafer 4 onto the polishing pad‘1 by
the pressing mechanism while feeding an abrasive slurry
from the abrasive slurry-feeding mechanism 8 to the center
portion of the polishing pad to polishing the wafer. 1In
the CMP method, micro scratches on the layer to be polished
such as the inter layer dielectrics of the wafer, the
dispersion of the abrasive rate and poor uniformity of the
abrasive amount within the surface of a silicon wafer are
problem.

[0005] In order to restrain the formation of the micro
scratches, it 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

(collectively, abrasive waste) are discharged to the
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feeding the abrasive slurry to the center portion of
the polishing pad in a sufficient anount. In case of
formng a 5 dressed |ayer on the polishing pad by
dressing and then polishing the wafer while feeding
the abrasive slurry described gbove, the abrasive
slurry is pushed out by <centrifugal force fromthe
rotation of the polishing pad and by pushing the

waf er onto the polishing pad. Therefore, 10 the

a [ S l, di.scharged.to the L% erlor
g&%ékggﬁo e E%ﬁggggéggiﬁﬁogé%cOnggrn%ng eB lOEﬁ.nﬁMP
es abraS|ve | ur.r
R S S A AR S dﬁsigesg%eﬁgear8y| ghgtinuously
s a ave t he poli shi
ne?ﬁogngo%% n?%vgsfﬁg i u&EV ékﬁrgﬁgF% §O5ﬁ gﬁeor the
% hem_ there have hee
v%??éﬁ 189t8 t antﬁu ééﬁéép PERURL . gRo6GEs Pérformlng a
nalnl g, abrasive slurr t he pollshlng surface and
§8H5F§ NGVPE. 0p06§?]ppﬁl§§5gﬁeeé Pe E SR6- n9647046 e
hi ng,  pa r|S|ng rooves for flow ng
aBBg 6é“90FE@dW? th lﬁﬁeﬁee PﬂléﬁeaﬁérﬁﬁévéuﬁéPrry
rtion of the surface of the polishing p and a
ngFSFFPﬁ ofPP8Fes thEr 2PERSNENG LHR& Y é§r§§§bédféﬁﬁeéy
on the surface of the polishing pad other than the
pSFPFBﬁfFHQ% fﬂécﬁr569@st§ﬁerpg@ﬁé@n Pd dhecpedéghipg pad
one enbodi ment of the polishing pad, the polishin

péHdSbYCBHﬁPFggnéhﬁaﬁﬁﬁ@é BatLelhSgPedv-8 dEmeadin Fgéreforer

center portlon and the peripheral portion of the
stPeagRraplivReslurry is almost discharged to the exterior of

the polishing pad without concerning the polishing to
consume excess abrasive slurry, which is expensive.

[0006] In order to dissolve the problems, various attempts
have been made in the polishing method to improve the
abrasive properties of the material to be polished. Among
them, there have been various attempts with respect with
grooves for remaining abrasive slurry on the polishing
surface and discharging it.

[0007] In Japanese Patent No. 2647046, a polishing pad
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.

As one embodiment of the polishing pad, the polishing pad
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pol i shing pad, and pores forned in a portion between
center portion and the peripheral portion, is
described in Fig. 1. 5 The pores are forned in broad
area at once by using punches arranged in a line or a
fewlines. It is difficult to form the pores by using
a processing apparatus generally used for that
pur pose. The technical effects of reducing the
unusual retainment of the abrasive slurry based on the
1 b 2N, _f [ and di schargi ng.th
agggg%ggggﬁu?%3%%§Fe%%gggggrQFE V&rﬁér%FQCHSSE&? FrREteT
retai noment " .used  herei t he

t tunu I ans that
rgggkﬁﬁgn%%gftpﬁepegﬁP rgd §FﬁFﬁf“i§%in%Faﬁﬁélﬁce of the
non-uniform state_on the olishing surface of the
ngggﬁbﬁagpgag’wﬁP%hpﬁ§§sa Bgﬁefgl%f@e89r5ﬁ°BoPF§W@ﬁ§ center
anat%EiaI t% %ﬁ polishgd. [Oogg].ln Japanese Patent _

KBRAL L BlibPCat6n PRE 1 P28 710PPSSE O 1 a 150 PESKiTAGeFadn Fig. 1.
c risin rooves farned such that the groove shape
ggggeppfggl%§eh§9FW§dalBeﬁF8Fdi§r@@céﬁtPP€et8Y figdng punches
polishing pad. Lt is described to dissolve a problem
ZGrBFDE?gnépe@r#ﬁ&etﬁé Gr d6Ve 1dR&Se t dtalsi KiiddAcudfteio form
processed to de%rade the uniformty by the

eEBENPPEESt P Yol S 1BgneREPFESELPCURRPAGREYTe JEBerRE Ly used
pﬁlishin gad. However, it is difficult to prevent

t Eraﬁpégi dTPREE i nThRe teERNECalpeitieei soP ft Hedwafiag the
fromdegrading. In addition, the 25 technical effects
oFfP&Haei A§LEL PRBCURGSs GRP RETrGiSAVEnt lokrg bphed on the
aprasive slurry based on the bal ance between feeding
aRdlarsenkegiragnt hecdbraspe sischprgiagnshe abrasive slurry

particularly ,
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
effect on polishing a material to be polished.

[0008] In Japanese Patent Kokai Publication No. 249710/1998,
a polishing pad comprising grooves formed such that the
groove shape geometrically having a center is eccentric to
the polishing pad. It is described to dissolve a problem
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 of the wafer from degrading. 1In addition, the

technical effects of reducing of the unusual retainment of
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di scl osed. [0009] In Japanese Patent Kokai Publication
No. 70463/1999, 5 a polishing pad conprising a first
zone having plural concentric circular grooves and a
second zone having a second pitch. It is described
that the polishing pad has ( two zones having a
different groove pitch to inprove the wuniformty of
the polishing. However, the technical 10 effects of
reduci ng of the unusual retainnent of the abrasive

b feedi d .
kHErXb?§§§geoglhg?3 nggﬁeoReE“%e a%%%cbgggﬁgﬁpgrﬁyedlng

S
di scharging the a sirve slarry ar

di sgl it.is difficult to inprove the .

AP of bty 2R nbshBor PERPRGe 780 0010PY ROTapaREdEuLarly
Pg%gg&oggéai Publ i cati on No. 198061/ 2000, a polishing

pad conprising plural |oop grooves and plura

S line rooves_is disclosed. |n.the polishin

L GB08Y 1B P aREEEarrEeBbaRoRaa FubaACroROPREON] QHIER/ 1959,
t he brasive slurr bx fornin%,the rooves into the
s?rggi%iglpgngadsﬁg BT ﬁbﬁﬁvér,1Fﬁtt%8nﬁopﬁ§ﬁpﬁgpéﬁé§l

it is oblem that the abrasive slurry necessary to
PGPSR HGLFI GRECBAET AFBRYCERENS: PedRFPPAoACBFoBPESNT a

In addition, the_technical  effects of reducing of the
uriGS8aF Pe&F&Pnnent of PR&Cribedsithatsither pobasddnenprad has

t he bal ance_between feedi ng and 25 di scharging the
ab¥8sf9Bes| BrVyRdr 8 Aof IBAFRIcaraPrg pitdhsépodmarogrdthe

the uniformty of the_polishing is not sufficiently
oBPafAegity oT the pollishing. “However, the technical

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

[0010] In Japanese Patent Kokai Publication No. 198061/2000,
a polishing pad comprising plural loop grooves and plural
stream-lined grooves is disclosed. In the polishing pad,
it is attempted to positively control the flow of the
abrasive slurry by forming the grooves into the stream-
lined shape. However, in the polishing pad, it is problem
that the abrasive slurry necessary to polishing flows out
along the stream-lined grooves. 1In addition, the technical
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
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[0011] In Japanese Patent Kokai Publication No.
224950/ 2002, a polishing pad conprising grooves
havi ng 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 polishing pad, the shape of the groove
and the surface roughness thereof are considered. 10

FQW@E?BBeb édggﬁgeﬁﬁﬂ%or%ﬁ ai Q&E?%Qﬁls%&% tIg,nnot

view that I'shing surface nmateri

grﬁ@%&%?e%@ﬁ& obEgﬁhedn addition, it is different from

presen invention’in V|em1that the material to be
I s .bare er_ or t.r at.e. eover
prpeies OPBEltort 18 of Tna bvasUe srully badeo 2002
on th b%lance et wee &&~ qlsc ar &EF
abr &Sity PgrPy aF@mﬁgﬁs&ng 5@3%5 %ﬁiﬁ? ushRged bottom
rous nat he 0|IShIn er as described
g o N R grﬁ’fﬂﬁﬁgﬁ@g&lﬁ&enén the
Kokai. Publication No. 9 6/2004 20 a pol.ishin
S EIRY BRGuas D5t A M S o Ther FRe THBE g the
surface roughness of not re than 20 um on the
SOPESRENG SULFEVe STPRPHY Bl TG oARE CROOUES 4060 the
roughness of the inner s face of the groove i's
céﬁgig8F§8m SPRESsur facé ngt PeRe hGovdaps of the
obt ai ned for %he 25 groove forned b%ﬁ utting the
paEPENEnG Sult Scéuﬁ§@§ﬁ'ﬂoqﬂhq§sﬁnﬂ g i @Lien cengdidgred.

It has been found froman additional test by the
pPOYENE T neént6r S1EA&E ST T o fihiec Mresedt thwention in view

that the polishing surface material is round graphite cast
iron. 1In addition, it is different from the present
invention in view that the material to be polished is bare
wafer or glass substrate. Moreover, the unusual retainment
of the abrasive slurry based on the balance between feeding
and discharging the abrasive slurry are not discussed in
case of using porous material as the polishing layer as
described in the present invention.

[0012] In Japanese Patent Kokai Publication No. 9156/2004,
a polishing pad comprising grooves, of which the inner
surface has a surface roughness of not more than 20 pm, on
the polishing surface. 1In the polishing pad, the surface
roughness of the inner surface of the groove is considered.
The'surface roughness of the groove is obtained for the

groove formed by cutting the polishing surface material or
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i nner surface of the groove to have the surface
roughness of not nore than 20 pmin case of formng
the groove on the 5 pore material by the above met hod.
Therefore, a main object of the invention is the

sel ect of the polishing |ayer graterial rather than a
nmet hod of form ng grooves, ( which is different from
the present invention. In addition, the unusua

retai nment of the abrasive slurry based on the 10

babaneggbetween .f geding anpd disgha PQE%%nEh%r%Q{ ag VY¥ditional

slurry are not di scussed in case of using porous

”@EEE' %ﬁet?§es%%klggl to%%e&h%% q%S rl%e%fé Pﬁg for the

present i nvention I'n order to |ssolv

pﬁHHE?”gur%aegl'%h%%% %@?ov%o&o %%ES%§QQSU€E@§F roughness

sem conduct or device t COI’]CGI’] Cir

gg@oggﬁ Rg¥an ahga% %_gh% C&o%eagegggﬁggye%bﬁo@§§§WﬁgOn the

upper edge porti on of

t di d J P t Kok
it R e R A g o
e T T AL
| it tt
A U L R

sed hnf% pan%s Pat% t Kokai Publication No.
é 072062 o614 rPWe SIPgﬁﬁﬁﬁtpé&vﬁp§épgsedIPnaddltlonr
anese Patent = 25 Kokai Pu tion Nos. 181649/2001
aﬁ ©182735P 2065 PR g © e& BOTESAVEOS LURE ¥f Pgwedf on the

t he. abras slurry between the device surface to be
gﬁﬁgﬁga bﬁ§W€ﬁ8 GpFEr"SuPREc 816 hpRging the abrasive slurry

are not discussed in case of using porous 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
circular grooves having right-angle edge are formed at the
upper edge portion of the groove and groove processing tool
are disclosed in Japanese Patent Kokai Publication Nos.
181649/2001 and 184730/2002, and a fine groove processing
machine, processing tool and method of processing for
forming concentric circular grooves or lattice pattern
groove on semiconductor polishing pad for CMP processing
are disclosed in Japanese Patent Kokai Publication No.
11630/2002.

[0014] In the polishing pad disclosed in Japanese Patent

Kokai Publication Nos. 181649/2001 and 184730/2002, it 1is
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pad by form ng concentric circular grooves having
right- angle edges at the upper corner portion in
cross section 5 and adjusting the width, depth and
pitch of the groove to specified ranges, and it is
expected that hydroplaning is 5estrained and the soft
nmetal surface of the device is “effectively planarized
by the CMP processing nethod. However, the cross
section shape of the groove is not 10 stable, and the

fl it f_the.abrasive slurry vari.es ver ad.
Tﬁ%\gs}f)gf)e,c)ésnt%é:ﬁlleeca 5t afgio\‘/”e Opio%ber 3RS SV rf‘glturryy Tetueen the
suffi.ci ently. _obtai ned. 01 n the polishing pad
O e YRS oS P oy G g U ace of the
pro%e§§i t @ol di scl osed in'JZP nese Patent 15 Koka
PEBE Cdt iT0A ™GOS £PESGIYE6S, Gt @%s&?@@é&%ﬁla@ﬁa& rgfght-
the groove is not stable, and the flowability of the
aﬁpggﬁvgdgﬁﬁrﬁﬁ VES &PP&Fe P REd. PRI O sl s ion
are ; easily fornmed, and stable abrasive properties are
n6d SAPHSEia%k :-{E‘eob"tléjitﬁed.d%ﬁ GO Piteh e dlsveroove to
polishin% pad di scl osed in Japanese Patent Koka
PIBCICdAt NS 2GS S 1 18T64 92661 S XPBAL30) 2002 dwdiroplaning is
11630/ 2002, edges at the corner portion in cross
séCEiteR1erd ERE Fheove fits Meitght sardles shyp fspési fdgivige is
the shape of the cutting edge of the groove
pFOLEESSITG LYo Bl 2nererzesy bivt tﬁ@ B Py oregstsed ndo me thod.
restrain the occurrence of dulled edge and 10 burr on
t HEWRYEH » s (Hac& OsF 15196 tgodovdrarst &fl ¢ haboasione is not
properties are not sufficiently obtained only by
Sﬁéépﬂﬁhn@nd 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
Kokai Publication No. 11630/2002, the cross section shape
of the groove is not stable, and the flowability of the
abrasive slurry varies every pad. Therefore, scratches are
easily formed, and stable abrasive properties are not
sufficiently obtained.

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

attempted to restrain the occurrence of dulled edge and
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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 problens at the same tine,
such as the occurrence of scrajghes, the
non-uniformty or deterioration of the 10 abrasive
rate, the non-uniformty within wafer of the abrasive
amount, the consunption of excess abrasive slurry and

t Gr3u 'ofna th% Rv%th' %lﬁ‘}% c%f é\aeb ﬁ;%o\{leé sl W 2b l%eta\%er a s ive

e material to be polis poli'shi'ng pad i

? Q&QQega%g%s% t{%&f&h%ﬂ%bkﬁé£%>lnter ﬁ%ﬁy by specifying

ctrics (c emca

”‘Eﬁ@ag'h%%gu%%l t‘%hl rg:gl)ttlngt Iprgdtghe d)r%u %Ct ?%&%%&o§%2551ng tool.

sem conduct or devi ce 0
pol i shing pad and a net hod of produ0|ng a
sem conduct or devi ce by usi ng the polishing pad.

[ﬁOl%ﬁ di s IV|n he problens at the sane tineg,
(V] %Fgégﬁo PHF i°h provides a polishing pad
I | ayer dielectrics and the
'Eg@TéN%f%eﬁiN&%ﬁTﬁé’gﬁam cal polishing) in the
g&ph gﬁt rin pracess of sem conduct or device, a
3d 1ot BPABUBERG ST RE gor SHISTE ad "aifd Ao tifod Sof
pr.oduci.n a s conduct r 25 device by using the
8|15§ﬁ.l.¥ PGP LEIS FOOTSR FRESHA S i) Pad Soft Mneccurrence
sent |n ntlon is suitably used as a polishing pad
u§ d SEER Y5 &rTar iTHen g OR ~UREEOmTH Tt @ th &AL isiad iy ovp the

(chem cal mechani cal , _ o
abrasive rate, the non-uniformity within wafer of the

abrasive amount, the consumption of excess abrasive slurry
and the suitable retainment of the abrasive slurry between
the material to be polished and the polishing pad in a
polishing pad used for planarizing inter layer dielectrics
and the like by CMP (chemical mechanical polishing) in the
manufacturing process of a semiconductor device, a method
of producing the polishing pad and a method of producing a
semiconductor device by using the polishing pad.

[0018] By dissolving the problems at the same time, the
present invention provides a polishing pad used for
planarizing inter layer dielectrics and the like by CMP
(chemical mechanical polishing) in the manufacturing
process of a semiconductor device, a method of producing
the polishing pad and a method of producing a semiconductor

device by using the polishing pad.
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polishing) in order to dissolve problens at the sane
time, 5 such as the occurrence of scratches, the
non-uni formty or deterioration of the abrasive rate,
the non-uniformty wthin wafer of the abrasive
amount, the consunption of excess abrasive slurry and
t he SU|tabIe retai nnent of the ""abrasive slurry
between the material to be polished and the 10
polishing pad. In order to dissolve the problens at

e_polishing pad of the present
Even??gﬁthpgllSoﬁpghpﬁ % t@SWBFF§ éFHS@@%OBnlé
surface and ned froma fo o
Sk PRl R aoRs A ﬁlésbeggegggd%ﬁ@f%eé sEapREizing
gropve.c risin urface and a 15 bottom
ﬂ??SEéaﬁgg ggugPi&ék guéﬁn§¥§ REPEM1IREL REFE82PHERL
0020] , The sent vention relates to a
s%ﬁ%iaﬂaa {orD &égsF 68|Eéﬁﬁﬁévﬁa&rea%ﬁmﬁsﬁﬁgt@ﬁoé@@@ time,
pollsﬂlng surface and fornmed froma foanmed .
pﬁPgﬁr@FhB 8, ORRBFEFPRCE 26 Froeésbed  sthfabenopnifermity or
groove conprising a side surface and a bottom surface
h§§t3r§9FF &Enr8%gﬁﬁ€s§bﬁéséﬂen6ﬁtﬁmréhetﬁQﬁ Upiformity
00211 In order to put the present invention into a
ndr BR1BUNEABF eCfr BBEI ERF28PFEI BPVBA, thei sopsempitabheot
that the 25 processed surface of the groove have a
sE¥Face PBURRRBSSSRETIY apf theosgitpbde2reraiamenhepf the

enbodi ment, the present invention relates to a
s%ﬁ¥%%hﬂﬁc§%Prﬁﬁf@?tﬁéﬁpsﬁhﬁgmééérééﬁpﬁpsbﬁgpallShed and the

polishing pad. 1In order to dissolve the problems at the
same time, the polishing pad of the present invention is a
polishing pad comprising grooves on a polishing surface and
formed from a foamed polyurethane, of which a processed
surface of the groove comprising a side surface and a
bottom surface has a surface roughness Ra of not more than
10.

[0020] The present invention relates to a semiconductor
wafer polishing pad comprising grooves on a polishing
surface and formed from a foamed polyurethane, wherein a
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 order to put the present invention into a more
suitable practical application, it is preferable that the

processed surface of the groove have a surface roughness Ra
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pol i shing | ayer, wherein the polishing |ayer is forned
from5 a porous material, a polishing surface of the
polishing |ayer has grooves, and at | east one portion
of the inner surface of the groove has a non-porous
surface. [0023] In order to put;she present invention
into a nore suitable practical application, it is
preferable that: 10 the non-porous surface have a
center line average roughness Ra of a roughness curve
05f110t5095 0O pm the groove have a depth of 0.5 to

.5 mm the polishing |layer be fornmed froma porous

nP@@ﬁﬁ?l HaéggghéP @ﬁgBég eﬁ@ll glagg n%flggegglop gelates

pm 157t erein t I shi ng Rave'a' Speci

gfévgtgem g RukLol. 989 Qﬂgolggg&/eg' hza' ”gmggl g njaye

a conpr essi ity of € po 9" Pafer

d f 6 20 th [ i shi d
RSB R AT P

er C Se a cusni on n

R kU e S
Iates 25 to net ho roducin n1con uct or

ma?%r po?lsﬁfooviﬁ 6“% 8&n€??§|n8n B?§ 8F of the inner
mechani cal b W se _var ng ed speed
and" f 2ed 3ﬁnﬁﬁ ?O ¥§ bsge pP88e§§¥ RY FBB at8- form
CP88§§§r£C 8%&8%'%0 8ugo g B%ggggtr?ggggglon into a more
suitable practical application, it is preferable that:

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;

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

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

the polishing layer have a hardness of 45 to 65;
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 invention relates

to a method of producing a semiconductor wafer polishing
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sectional shape on the polishing surface. 5 [0025] In

order to put the present invention into a nore

suitabl e practical application, it is preferable that:

the step of form ng the grooves conprise stopping the

feed of the groove processing tf | for a certain tine

at the position that the groove grocessing t oo

reaches a 10 desired depth; the feed speed and feed

anount of a groove processing tool are stepw se

v%rbedo%n%.increase% in &rder of, precedence; and the

pofishiPRG Tgad e 3 Seéd °fr SRk CYging by stepwise

pol_yur.et hane. %0026] In yet further enbodi nent, the .

pé’é%éﬁf“gi ﬁvgﬁtei O PERE APEs fE6h aRRdd off Bpig@ediengr@cessing

s%ni onduct or device conprising a step of polishing

t FEOSuMHPace Bt CRPSEMILINd GLEa lwdt &IF A5y ags iy iftge rectangle

pol i shing_pad of the 20 present invention. [0027] In

tﬁ@cﬁc}PingHi §G36F CRe téEnPOdAGheNSr SWatféceand the | ke

by using_the polishing pad of the present invent, it

i 400824 Breordledi $ooPié phebarseatt timyesdnernt iimeo a more

such as_the non-uniformty or deterioration of the

aBHasPbe er RréctasathaéPRada camiifoar niltty i thief ewabdre chat :

the abrasive anmount, the 14 consunption of excess

abrasi ve sl GPey S&r® PHe foumtiall ¢her eraionesntcoopriilse stopping

abrasive slurry between the material to be polished

ahaet ﬁéeﬁopifsﬁ%ﬁggﬁ@@yeaﬁa‘oﬁaﬁﬁimm aoby ifori & certain time
at the position that the groove processing tool reaches a

desired depth;

the feed speed and feed amount of a groove
processing tool are stepwise varied and increased in order
of precedence; and

the polishing pad be formed from a foamed
polyurethane.
[0026] In yet further embodiment, the present invention
relates to a method of producing a semiconductor device
comprising a step of polishing the surface of a
semiconductor wafer by using the polishing pad of the
present invention.
[0027] In the polishing of the semiconductor wafer and the
like by using the polishing pad of the present invent, it
is possible to dissolve problems at the same time, such as
the non-uniformity or deterioration of the abrasive rate,

the non-uniformity within wafer of the abrasive amount, the
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effective to reduce the occurrence of scratches
because the 5 polishing pad has good bal ance between
feeding and discharging the abrasive slurry during
polishing to reduce the unusual retainnment of the
abrasive slurry in the grooves guring pol i shi ng.
Therefore, the polishing pad isleffective to the
manuf act uri ng process of a sem conductor 10 devi ce,
such as CMP of a sem conductor wafer. Brief

Descri ptian _of awi ngs [0028] The present invention
vvi%“%%@&ﬁé)%&igeﬁiﬂ%% %ﬂﬁéﬂ]s‘f%o%lhfrrro\mat% tdea a3videpble
descri.ption %jven herei nbel ow ~and the acconpanying
draWeAG TR G $0G VT a5y Weays 0Fr 15 BeUMpaDy ditomadmsial to
agg thus are not limtative of the present invention,
an§ Wherded Bng e £l istHemhmad icragyt ppadtionlarly it is
iIIustratin%‘ a polishing apparatus generally used for
CRP LI5F4ddss LoRitgdure £ he qsamance s sasedidhos because the
illustrating 20 groove having rectangul ar cross
s@Ctilsh isvapad mag. 9adk be legendtd tovasrose eskictd amd
illustrating one enbodi ment of the groove fornmed on
t Ré SEERIrSHINYy they e r asfl wene lputt s lurg qeagadfi sthimg to reduce
present invention. Fig. 4 is a schematic cross section
| thgstnasiued 28 aim@egrtoove ther méd aori vehe lpoiryshimg he
| ayer of the 15 conventional polishing pad. Fig. 5 is
afTeRV&asg i rseige wetliic hdinggr arfiherd figster, attiheg parié shing pad is
enbodi ment of the cutting edge of the
effective to the manufacturing process of a semiconductor
device, such as CMP of a semiconductor wafer.
Brief Description of Drawings
[0028] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawing which is given by way of
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 process.

Fig. 2 is a schematic cross section illustrating
groove having rectangular cross section shape.

Fig. 3 1s 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

the groove formed on the polishing layer of the
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groove processing tool used for the nethod of
produci ng the 5 polishing pad of the present invention
[(a) front elevational view, (b) side elevationa
view. Fig. 6 is an enlarged schematic di agram
illustrating the cutting edge ofs the groove processing
tool used for the nmethod of producing the
conventional polishing 10 pad [(a) front el evationa
viem1 (b) side elevational viewj. Fig. 7 is an

gggg§? 38Q§ngghg Q%ﬁgrgghof the corner portion of

e cuttfing ed roove proceSS|ng tool before
and after paolishing_illustratin t hod of
the wear ofggﬁé Srg8v8”p?o@8§8|§g § E86§§Pm

Cr on of nota i shin
CoEEShE RS ofar Bre s RbadT Rk P eol! Eﬁﬂﬁyc&t%pe@%aﬁ 0§ boe
polished 20 5: . Sup |n nd 6, 7: Rotatln shaft
sgr%vss%scgﬁaepy fp-88 H8ef 2REn ks moghag. O Bggucing the
;1 Side s rocessed surface of groove 25
1@0 ?ShEBQtB 58 fge Eeﬁ?85eé§¥8n§&PPaééaéf tgPaéve

g&h of groove 14: W dth of groove _15: Pitch
o?layaa%gn view, side elevational view].

Fig. 6 1s an enlarged schematic diagram
illustrating the cutting edge of the groove processing tool
used for the method of producing the conventional polishing _
pad [(a) front elevational view, (b) side elevational view].

Fig. 7 1s 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 tool.

[0028] (Description of notations)
1: Polishing pad
2: Polishing platen
3: Abrasive slurry
4: Material to be polished
5: Supporting stand
6,7: Rotating shaft
8: Abrasive slurry-feeding mechanism
10,20: Groove
11,21: Side surface of processed surface of groove

12,22: Bottom surface of processed surface of groove
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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 forned
froma foaned ~. pol yurethane, wherein a processed
surface of the groove conprisiqg a side surface and a
bott om surface has a 10 surface roughness Ra of not

nore than 10. In another enbodinment, the polishing

pad of the present invention conprises a polishing

| ayer, ,wherein the polishing layer is forned froma
porou%3ngﬁ%? %I?Lag %?Y%hing surface of the polishing

| ayer gas grogve , _and at | east one portion of 15 the

i nnert surfEdel o L t AE°Q¥Bove has a non- porous surface.

In addition, the_nethod of producing the polishing pad
of the' presehtOf ndER?Y®n conprises a step of

nmechanji cal . cutting by stepw se varying a feed speed

and fedd ahbeh®Tof a groove processing tool to form
concentric circular 20 grooves having rectangle

et t Medle shapeCarryhRd pert skhagInkartier. The

pol i shing pad of the present invention and the nethod
ofo%?%u%h%gp@hés%% WAf| opetBgpPapedtwinkention comprises
reference to the acconpanying drawing in detail. Fig.
JIFROVES seherabP tiehbag seefron F\DﬁugtDr@ﬁﬁn@r@mea foamed
enbodi ment of 25 the groove formed on the polishing
|RgeYubtthee povhehehy a7rrpadsaedt herpresenf the groove
invention. Fig. 4 is a schematic cross section

i COMRY Fathe¢igat hedyrvevéaterard anbohetopobiishang hhayer
of the conventional polishing pad. The drawi ngs are
surface roughness 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
the inner surface of the groove has a non-porous surface.
In addition, the method of producing the polishing pad of
the present invention comprises a step of mechanical
cutting by stepwise varying a feed speed and feed amount of
a groove processing tool to form concentric circular
grooves having rectangle sectional shape on the polishing
surface. 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

the groove formed on the polishing layer of the polishing
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schematic cross sections illustrating the groove
formed on 5 the polishing |ayer of the polishing pad,
and the size is not exactly shown. [0031] As shown in
Fig. 3, in the polishing pad of the C present
invention, it is required for t processed surface

of the groove conprising the side surface 11 and
bottom 10 surface 12 to have a surface roughness Ra of
not nmore than 10, preferably 1 to 9, nore preferably

1 n_the ur.face_ r.oughn I.S Iar r t han

18%8 Ef ¥$§m§ i 3 6pvepﬁéO§%ra§%§%Rgl&Fr? iS HematiC cross

degr aded, Qd ohesi on bhereof easily occurs or the
CPOGOTRY Of 1ABTASTIR oW e TEREIy TE5T5EC s, LGPt L shing
uses t? Lornatlon of scratches. [0032] It is

ngVng h&PCdEPBEFR AT gpgldé&ﬂﬁgopa t Theseremwdmgs are

100 100 to 500 or burrs having a length of

256" WF%%GOCFBSfoéscﬁﬁPnérélﬁ&ﬁtﬁﬁﬁén@héﬁezgﬁ@pV@néormed on

crgss szctlon in the groove in_the polishing surface
of P"EhBO ésﬁépﬁsﬂﬁﬁﬁrpéé &het pe lgsbdast pagverticothewsére is
the nunber of the defects or burrs are |arger than 2,
t RBTf FEREBILYi E9°8R - the abrasive slurry is degraded,
and cohesion thereof easily occurs or the clogging of
abP83tVeriasheweasnl YidecSur $n Whieclodassénat bed of the
formation of scratches. The nunber 25 of the defect
aRBSBARF AR¥SREASHr edthySobsaivirrg tfee Gheopeot8ssed surface
cross_section of a sanple forned by dividing the
pefi SAEngropHd FaTBrisvadpibeesiide shefradi 38 and bottom
direction to count the nunber of defects having the
apevéadeplB &adhbuiers Ravifage roughness Ra of not more 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 is degraded, and cohesion thereof
easily occurs or the clogging of abrasive waste easily
occurs, which causes the formation of scratches.
[0032] It is desired that defects having a depth of not
less than 100 pm (100 to 500 pum) or burrs having a length
of 200 pum (200 to 1000 pm) are not more than 2 per one
cross section in the groove in the polishing surface of the
polishing pad of the present invention. When the number of
the defects or burrs are larger than 2, the flowability of
the abrasive slurry is degraded, and cohesion thereof
easily occurs or the clogging of abrasive waste easily

occurs, which causes the formation of scratches. The number

of the defect and burr are measured by observing the groove



10

15

20

25

the above Iength. 5 [0033] Fig. 5 is an enlarged
schematic diagramillustrating one enbodi nent of the
cutting edge of the groove processing tool used for
the net hod of producing the polishing pad of the
present invention. Fig. 6 is anl§nlarged schematic
diagramillustrating the cutting edge of the groove
10 processing tool used for the method of producing
the conventional polishing pad. As shown in Fig. 5,

!Ergg .gggp?%nogftQesggkh%hkggpﬁﬁgbggdhggﬁghgiiﬁ% polishing

i nventi on, e ~grooves-are
tool and the

s i th the. I,
cBRteht P AP ol BFoar GBvoPRayPRg L1 8LPEEFARGI G0 count the
sectj onal sga e gre f or med ﬁn t he polishing surface. ,
| PR Hel r 88T ERAT PRSIEEcENENAPCYRafEPSR #RE PUrrs having

cutting edge of the groove processing tool used for
tﬁée ﬁ@?HSdESPgEFoducing the polishing pad of the

prﬁsggﬁ i nventi on be rectanale W t hout the side

re ahgfe ¢ A 2D ERé2EBARVesENSAaligr 86@eram illustrating
processj ng . tool shown in Fig. 6. Wen the groove
PPBEeSEPAYITEBF Aaving FHET3ndecraRi 6f tARgHEoEVRsProcessing
used, the width of the groove formed is small by the

wkaPl orSeRefgF oble BR&RESsPAgPEEENCERpgEha) podhdhihe pad of
non-uniformty of the retaining anount of the abrasive

2ENG| BFF§eNE ABVEBGLPNCi eftBy gbﬂéiﬁéd?nﬁhIGhdcaabematic

the non 19 uniformty and deterioration of the

abtadroe +AtBSLrAtine tBpdeushape efigehefcubei pgoedge

of the groove processing tool, when the groove

pPbeessrnpdt bePlhasrAgiphethakmeahgheof 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
rectangle sectional shape are formed on the polishing
surface. It is desired that the sectional shape of the
cutting edge of the groove processing tool used for the
method of producing the polishing pad of the present
invention be rectangle without the side relief angle ¢ in
the conventional groove processing tool shown in Fig. 6.
When the groove processing tool having the side relief
angle c¢ is used, the width of the groove formed is small by
the wear of the groove processing tool (Fig. 4), and the
non-uniformity of the retaining amount of the abrasive

slurry is not sufficiently obtained, which causes the non-



10

15

20

25

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 jpughness 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 nethod of producing t he

thEfBEHQagagn fd&@@r@ %9%H|B¥e BEO l@%veg%he In the

cutting edge shape wt out e ré 0034
h Ln_Ei n
ag?ﬁg gh progﬂgﬁgggyﬁ§lg | TSAFNg Tp gaeoﬁrkﬁge k%oceSSlng
t t i hani cal
ity S LT, PR SR TROPILEPL Y e o
t Th
v orrgBe e et "ahtoT Bl GREQREIBY Aoy SBvEn in Fig.
t ool nrefers to stepw se vary
tﬁzfgéi'a%‘@peﬁﬁ ©afinFeEd 255 AnBint GnPPecYor g 2one "t oo
[ i rcul . The value of the fee
SBoEh ha PRLFrkBSaf Bears SpefCnkoChe-PAcreasea Pi the
order of Becedence decreased in order of
pV%@Ed%ﬁcg o?rPﬁg?e8§88e6FlH@cF@Q%edanﬁhéhﬁlﬁﬁSéFed Surface
ever step g be the sane or different. 25 [0035]
'§°Hé§??§a R8rof hehFeddoeBeeRr BEaSgRoBVELREe 15 Rbt!
SSIn%FLOO| to be within the range of 0.01 to 0.10

1Cb? YaBPy2oned ¢516:08) m nThermépecpr éfetfbfigsired

O 01 to 0.05 mnmn and to be varied at 1 to 2 steps,
pF%¥ng%|9roove processing tool used for the method 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 Fig. 5.

[0034] In the method of producing the polishing pad of the
present invention, it is required to 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 tool used
herein refers to stepwise vary the feed speed and feed
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 or different.

[0035] It is desired for the feed speed of a groove
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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 mmn, the processing
time is increased and the wear of the groove
processing tool is acceleratedyg( On the other hand,
when the feed speed is larger than 0.10 nmn, the
occurrence of the burr is increased, the load 10
applied to the groove processing tool is increased and

e, A o0MEe,; SHAPE +§ B@tw§ﬁﬁpﬁethé09§§&eV®P”%f@{"%890 10

t'he groove at a constant | ow feed speed e wear of

IhﬁnﬂﬁoqyﬁePéPgﬁfi @gO£o@$ OSO§aﬁgﬁ ﬁndm6P$ $referablg 0.01

processing tine 1S increased her ef of € desirte

ﬁ%ﬁ@?@%ﬂ@ﬂ“ﬁe%%%p‘?gdbéSV%Pfégﬁéﬁﬁ'e o bt eRer PRRIETAPLY
Fhoro %t ot 98 Mord PRl eBly oS LOTs SL0RHE BROSES L Ming
e e oL 0O S Cor GOORKE DRREESENEG 4P  boeedt Ls
ﬁrﬁ%%%%ﬁﬁﬁw%ﬁwﬁﬁwﬁﬂwmw
ran e, .of 5 to_5, seconds prere

SHB e V@%ﬁ ?ﬁet??n%r?%v?oﬂﬁ%?e?ﬁéﬁgSt%%%ohﬁsacFﬁ%erated

the pogltl

of the I oo processin is. larg t he
oth e?h%a%heﬁg SRan TREN L TR ?geﬁham? tha aag%r ‘2fan 0.10
seconds, is difficult_21 to maintain the sta

deB%%'sﬁ%%eoﬁﬁﬂrﬁﬁ??%c%st%?eburfob§7}n?ﬁ%a?%%d Ptfe 1oad
a”““ghecgftgtgg Oy R OeeS 09 LO0L LS (SLEPMSE 0 and the
yPhgCEReTPEeboSpetll 4R

groove shape 1is not stable.

[0036] When forming the groove at a constant low feed speed,
the wear of the groove processing tool is large and the
processing time is increased. Therefore, it is desired
that the feed speed is increased in order of precedence.

In addition, it is desired that there be a time of stopping
the feed of the groove processing 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
desired groove depth. It is desired for the time of
stopping the feed of the groove processing tool to be
within the range of 0.5 to 5 seconds, preferably 1.0 to 3.0
seconds. When the time is longer than 5 seconds, the wear

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

when the time is shorter than 0.5 seconds, it is difficult
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descri bed above. In addition, it is desired to
stepwi se 5 vary the total feed anount of the groove
processing tool, which varies depending on the
desired groove depth, as the sane as the feed speed.
( [0038] As described above, i?lthe nmet hod of
produci ng the polishing pad of the present invention,
the processed 10 surface of the groove can have | ow
surface roughness Ra of not nore than 10 and the burr

fﬁHrﬁ%ﬁﬁﬁhfﬁ“%ﬁ%”gfggﬁéﬁ%%£6WepQ#é?QiQ@dpggr Xcéhgtate.
0 |1 C

groove processing is reduced to m ~concentr
' ' e Si ect angl e. .
G P EER R, AP AL B P Eing tool s
S sur f.ace roove i s _large, .the
ST (Pl 1D ot YL POV Fod S e Tesdsta
A el O TR MBS PHE s Pedbhe ) S0&wise
f ormed .on t he face of the olishin ad b roove
PrEcessingh e f g%%ec(% S0t &f gt }2% %Jvr %%‘(/% sP ’ﬁ%%? %@l ng tool,
i.ght, - | e edge at .the upper edge. portion of the
R 0 o TS S P e ctes i B e Ty e SR, as the
pad of_th pr sqyt i nvention. In addition, the angle
bseat%e%stﬁé sTHe™ sTR¥%te 11 and bottom surface 12 is

rj - le, and it i.s possible to stably formthe
A B Fer Db 4 atal®s obf angt nS detd sl PEFAipeing the
Therefore, in th 2 ol i shing pad obtained by the

st o9 pl?%%&fné“? rfgfe%%ﬁlFshﬁlﬁﬁn‘bJaﬂn of LR PP e’Ened

invag%%on, t he shape of the groove forned on the
POt SN SUrtacE TV St Gt 12 BRdl ehesurface roughness Ra of

not more than 10 and the burr formed on the surface of the
polishing pad by the groove processing is reduced to form
concentric circular grooves having the desired rectangle
sectional shape. When the roughness Ra of the processed
surface of the groove is large, the flowability of the
abrasive slurry and abrasive waste is degraded, which
causes the formation of scratches as described above. As
shown in Fig. 3, the burr formed on the surface of the
polishing pad by groove processing is reduced to obtain
grooves having right-angle edge at the upper edge portion
of the groove using the method of producing the polishing
pad of the present invention. In addition, the angle
between the side surface 11 and bottom surface 12 is right-
angle, and it is possible to stably form the grooves having

precise rectangle sectional shape. Therefore, in the
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retai ning 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
within wafer of the abrasive anmount and the
consunption of excess abrasive.slurry, are dissolved.
In addition, the suitable retainnment of the abrasive
slurry between the 10 material to be polished and the
pol i shing pad can be obtained. [0039] In the

p 0 esent,.Ln LQn, .t
Sgptﬁg %g ??ghébﬁg§%§&g§ o%gbaﬁgehgg fn??egﬂ%QBBISRS

3501160 8180yE3, DRVing precise tectapale SeeLignabelfe cne

pe are-s ‘ oove
2 0.2t
S "”5l§sgeﬁghsﬁa§ass 8 £agpye, "3 the

| ected f th t Lal to
et R S ok
C itiLo t he sent 20 n en t he c ncentric
TBEHPE 5t obURoERPRF SRabI SURBVES EHE. BaMECRAPRILEHeOF

h dt itch, respective I n case

2$”Egrh @E?ﬁnpaF ?n@bgﬁal"?t rF‘EePeégﬁ PBXCBHP?SFMW
t he_abr asi e ra and it i s convenient . durin ,
pVbBﬁ&Pnﬁa RE B%|FEﬁ.ﬁarﬁaavezempeéﬁo?n#hEhsopggﬁpﬁgtlon of

pad of the present _invention may be a
s?ﬁ@?ésl 89E$EHVE0FFEEFMQ pad, d\%\/ﬁﬁeﬂm"ﬁgs bé@naddltlonr the
conventional ly, us or a lam nated polishing p
c%ﬁbF?QFﬁgrﬁFaF§§§Pttﬁé tbgyép§aéﬁvﬁoﬁﬁgﬁFﬁgbﬁﬁyéﬁn the

(hard surface |ayer) contact with
material to be polished and the polishing pad can be

A
n
r
t
r
S

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
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 polishing condition. In the present
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 polishing pad.

[0040] The polishing pad of the present invention may be a
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the material to be polished, such as a sem conduct or
waf er 5 and an cushion |ayer (elastic supporting

| ayer) positioned between the polishing |ayer and a
polishing platen, or a nmulti-Ilayered polishing pad.
[0041] In the lam nated polishing pad, the polishing

| ayer and cushion | ayer are separately forned. It is
desired for 10 the polishing |layer to have a hardness
of 45 to 65. When the hardness of the polishing |ayer

fﬁgﬁgglggéPeésgagggh%ﬁgaﬁﬁe't%ﬁ?&htHgangégéhgkﬁggnp§onally

IS degr ot han

ﬁég@esérog Egﬁlggkéghbg %Lgﬁ u%ggogbggsgigggp gséeast two

e planarrty 1's goo
I h ded, .Th d .
ITRTRAR) e B AR TR S P s o
23- 1997, 1 The pmt th hi
55 ik erla%.g P S5eRPatd: chilea’ Broper-TAreRREGEy T water
f he hard th .
e Rea bt gg?é?ﬁge?%ﬁ%éﬁaﬁﬁﬁgggisagCSeyaaﬁ positioned
hum dity of 50@@ or E hours. . The Tardness of the
p%?%@ﬁ?%gt?%yg? nashBastyel B)dugi RgLashirdcRisFebhecr @
sa #es haV|na hi ckness qf not less than 6 mMmw th
amng Unes¥che ePOE%ERéPgEPﬁ rdness neter manuf actured
b h d d 25 f
CHRBRRATEr S KhmEBarabical habnese s bS5 ooontion taver
prefera 30 to 85. The hardness qf the cushion |ayer

ﬁgﬁ?%d 1G¥Eh arRafBRREECABY ef OFRERer Athé?dﬁéééred for

er manufactured b¥ Kobunshi Kei ki Co., Ltd.)
aEQ%rH?hbs@bnglégyer o have a hardness of 45 to 65. When

the hardness of the polishing layer is lower than 45, the
planarity of the material to be polished is degraded. On
the other hand, when the hardness of the polishing layer is
higher than 65, the planarity is good, but the uniformity
of the material to be polished is degraded. The hardness
of the polishing 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
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

for the cushion layer to have a hardness of 25 to 100,
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K6253-1997. It is desired for the polishing |layer to
have 5 a thickness of 0.2 to 4.0 mm preferably 0.8 to
3.0 mm It is desired for the cushion |ayer to have a
thickness of 0.5 to 2.5 mm preferably 1.0 to 2.0 mm

( [0042] In the single-layeredpolishing pad, the
thickness is 1.0 to 5.0 mm and the material thereof
may be suitably 10 selected and used fromthe

material used for the polishing I|ayer and cushion

| 8y&fer £094330! Pot S 'aﬁhgaﬁﬁgdﬂekESBEthFaQusﬁ on layer was
material for the polishing layer 1s not [imt ed’a

I t i sf S u
ﬂﬂgiﬁf?éhvﬁgﬁliy%$§?é9§?e@§?§2|”ﬂ%ggﬁoéné%9gﬁsﬁ$ hecer

RRLRE B ERb oby STBERLER. RLiKRocRO! obfa. ThEFp2etRp o o1s

i ncl ude or ex po yure ane f esi poFyes

rﬁéﬁ@B g@%yanlgga[§55951§8&yk5% EESI88F§§R Xcaig92r go have

resin, sed resin (such as I'A

oD erl 000 géﬁéiéf%Eiﬁﬁstﬁﬁhfgissé??P€ .

the Lik mat d
the Br6(S° TRr oPhSI SHaD B0 Deu®: ROcBRREnA: FBNCHTERS of 0.9

sBit PhULREFBRY PMoreferred is 25
| th th | f t
pﬁﬁgiﬁiﬁgny§£§|a?@Slégiégagédt3513§F§552Pﬁ322tP@th1ckness
h | ent t ner havi ng
desi E@etﬂigrQQﬁ%L?aﬁe?%Eeﬁgggaﬁgg PGskFRy BovaPReaubyanly

varyin osition of
Yecgeg an used grom tge material used for the polishing

ga t_one of t he Otgab F ?aﬁlnaterlal [0044] In

layer and cushion lavyer.

[0043] In the laminated polishing 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
formed from porous material. Examples of the porous
materials include, for example, polyurethane resin,
polyester resin, polyamide resin, acrylic reSin,
polycarbonate resin, halogen-based resin (such as polyvinyl
chloride, polytetrafluoroethylene, and polyvinylidene
fluoride), epoxy resin, photosensitive resin and the like.
The porous material may be used alone, but the porous
material may be used in combination with at least one of
the other porous material.

[0044] In the present invention, particularly preferred is

foamed polyurethane resin as the material for the polishing
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material. 5 [0045] A nethod of foam ng the

pol yurethane resin is not |I|imted, but includes

chem cal foam ng nmethod using a foam ng agent,
mechani cal foam ng nethod, a nmethod of adding holl ow
m cro beads or precursor formng hollow mcro beads
by heating, or conbinations thereof. Mcro foam used
10 for the polishing pad of the present invention is
formed by the foam ng nmethod. [0046] The pol yuret hane

resi,Or CORRLLSSS Eﬁ@cﬁéﬂ?ﬁgéthgﬁgigéggg HE8B3RE11ent wear
prepol yner and chai n extender. The

L%?§¥§B§B§ét ergi pgmegr gLbang ar segk%gﬁggﬁg)gggg;ﬁgﬁééerties

yi socyanat e, w nol ecul ar “wei ght
cula h gh : Y ¢ . Exanpl ok
o1 BocyAnat s P hA APy Aty Bt sdPPRatugs 9taTe
. 2;6- diisocyanato toluene, 2,2'-, 2,4"- and/or
Zﬁgégg%%%bcyanato di phenyl net hane, 1,5 20 napht hal ene

A T T T T

nery i1socyana
R E R bty 51 DRER e TR LG8 akaEBLmoy BEF AR HyFBRe®
e N8 RRane BrrERRTERLY 5%y BroRntng: | Sare5Rgc1o]
2 bR B Ry Pe b GhexRe it o P BB RFoHar af PEBC HnBpaFon micro
2G4 ol spevenatocye ohexyllrethane, (- hydrogenated

anatgggﬁlohexgé-Z'-iggc¥anatocyclohex¥lnethane,

4-1soc
f ing p of t resent” invention 1s formed by

1’%§ tMe po
the foaming method.

[0046] The polyurethane resin comprises isocyanate-
terminated urethane prepolymer and chain extender. The
isocyanate-terminated urethane prepolymer comprises
polyisocyanate, low molecular weight polyol 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-
naphthalene diisocyanate, p- and m-phenylene diisocyanate,
dimeryl diisocyanate, xylylene diisocyanate, diphenyl-4,4'-
diisocyanate, 1,3- and 1,4-tetramethylxylydene diisocyanate,
tetramethylene diisocyanate, 1, 6-hexamethylene diisoéyanate,
dodecamethylene diisocyanate, cyclohexane-1,3- and 1,4-

diisocyanate, l-isocyanato-3-isocyanatomethyl-3,5, 5-
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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 alone or in conbination of two or
nore thereof. The polyisocyanate may be suitably
sel ect ed depending on the desiyged pot-life during
casting and nol di ng. [0048] Exanples of the high

nol ecul ar wei ght polyols 10 include

hydr oxy-term nat ed pol yester, polycarbonate,

POl &Sty 1 Sk Ponat ] t%pPlV§£BSE Hgysgﬁsgcgga Q?tebls (4-

pol yest eram de an erre are-polye

aﬁgoéféggéébg ?5ﬁex Vh&%hgée golygﬁgr0|xg%%d MD %, 2- and

resi stance erred i'S
CPst # t 1 s of Fe _
po yo?gg?ﬂ% 5d¥%?§§§§ %nzprg duc s O§Y8}9 ﬁ§9§8ﬁgbaﬁaf 1,3
[ye h en E i de,
suc as e Ln%o% g nge%%yggLSYS PaganSUt Ilénég
oxi de, oxi d trah g ,
epfc%Y%?%%?dr|$F%%¥fﬁ¥§fﬂ?%§¥ m?ﬁéggeaFRQIEHE oxkBes. These
Ex? les of the startln(gIln ounds avi ng
re%% USES o bydh At ot 1 Ré?%r ngﬁheﬁoWOEﬁdthereOf
dival ent al cohol  for arlng Bglyesﬁer pal yol
deseri® %llT’%%?naf%dBf@ afpirE&Po¥” pBl§ERFHoHaPERAINg on
€%|ng roxg g i ncl ude reaction products of
oFg ode St g?oﬁ%ﬁbﬂgoFaSt?BglaZdbﬂPéﬁéago
anedlo Iene gl ycol, 27 po Iyethylene
gt€%€$f %%?%% %%y? nE gl ytoh BAfEERIar weight polyols
pol me ene col, wth phosgene, diallyl
CSF bt TS Setal Bhehy| PearBoRat o) Dbl VEgEPDRALe,
carbonate (propyl ene
polyester carbdnate, 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.
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 oxide, styrene oxide, tetrahydrofuran,
epichlorohydrin, or mixtures of these alkylene oxides.
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,

1,4-butanediol, 1,6-hexanediol, diethylene glycol,
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carbonate). Exanples of polyester polyols include
reaction 5 products of divalent alcohol with dibasic
di carboxylic acid, but it is desired to have |arger

di stance between ester bonds in order to inprove
hydrolysis resistance. It is preferable that both the
di val ent al cohol and di basic dicarboxylic acid have

| onger chain conponent. 10 [0050] Exanpl es of dival ent
al cohols, which are not Iimted, include ethylene

gg%]é/dPgéth%lg’nea@gyécD? p,lasep%ﬁ;@eﬁy%xe%lycall an@Pdr1, 3-

utyl ene glyco exane glyco

lpcgapg“ﬁé@f‘ﬁn@c%fgf)% ng@p@&iy' wIt¥CBhosgene, diallyl carbonate

y exanedi

u?ﬁsa§h¥gﬁgé%g?t@¥£% éXQE9h8§ag§cﬂgcngggggn%t§ }gropylene

pr opaned pent ane

%:grboﬁ {QFthyéx%?§1e965%3§§gggkte9'ﬁ%?ﬁP? QLX88e reaction

di propyl ene gl yc ene

E%%@ﬁi%e@ﬁgyéﬁé% 28%33. A fhéﬁ%é THROGH:
[ 20
@éu € dgsip §t£0 ¥C gg§9glggg% %E HE%%

|ke .
cR§ oxXylic acid,
a
erocyt aS| |car f

e

Faftr paber
!;i?faé' EEZL%%?% F& ShERatPoaviRal eRg ?sg'a%? Rgencot s
ETheregte PLRGELNE, L, Sh0M1E UrhePhotypre diPacic
b By pkbi Foabl & c5eFaar %%s?f%haeaagpeﬁgggbg?téi& o

lic acids whi ch are

“Fhbso REBLER 2! bhe, L carbonyl g scide, WPLeh are |y

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 glycol, neopentyl glycol, cyclohexanedimethanol,
1,4-bis- (hydroxymethyl)-cyclohexane, 2-methyl-1, 3-
propanediol, 3-methyl-1,5-pentanediol, 2,2,4-trimethyl-1, 3-
pentanediol, diethylene glycol, dipropylene glycol,
triethylene glycol, tripropylene'glycol, dibutylene glycol
and the like.

[0051] Examples of the dibasic dicarboxylic acids include
aliphatic, cycloaliphatic, aromatic and/or heterocyclic
dibasic dicarboxylic acid, but preferred is aliphatic or
cycloaliphatic dibasic dicarboxylic acid because it is
required that the resulting NCO terminated prepolymer is
liquid or low melt viscosity. If aromatic dibasic

dicarboxylic acid is applied, it is preferable to use in
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suberic acid, azelaic acid, sebacic acid, phthalic
acid, 5 isophthalic acid, terephthalic acid,
napht hal ene di carboxylic acid, cycl ohexane

di carboxylic acid (o-, m, p-), dinmeric fatty acid
(such as oleic acid) and the li%i' ( The pol yester
pol yol may have a portion of carboxyl term nated
group. Lactones, such as e-caprolactone, or 10

pol yester of hydroxycarboxylic acid, such as e-

e o e Rt S
Pgl ¥

is. not Limted,. but .is preferably ithin the,
ranggkgPﬁg&gctSciéooogfﬁmgﬁgﬁ o Fﬁ@ gﬂé@?ﬁbxfélc acids,
properties of the resulting.pol yurethane. Wen the ,
nﬁﬁggﬁ 257eF2%e ﬁgP§€§Vaﬁ i SUS e 3CHEn BegPic acid,
the elastic.~.. prqperties of the resulting _ .
pol§aF &Enafé % eéif 1Pd Cnbft 1 dg uSEPaiCe it Py 16bt Bhealic acid,
whi ch i rittle resin. Therefore, @ the polishing
Ié?%?htgégéFeécﬂpon1 REPRLPGdAE R&AE r 88PRtHa 12Dehar d

and brjttle, which causes the formati on of scratches

ofittRE Bélﬁ%ﬁi AG18ur A€ bE*eRe FdrCerParyidcpacid (o-, m-,
polished. The polishing pad fromthe polyurethane .
rBsi n aéméééﬂ v 2 Sy ﬁFlgndsiulchi @sned edgi pabre pndvitew like.
of life_ of the polishing pad. On the other hand, when

t hBenBRbEESEFEr RGd YO25TaY| Bayear WOEGREN § fhicghbpxyhan
2,000, the resulting 29 polyurethane resin is soft,
ahB8TThB2HEFI HPHE -| ay8FtopeEpasadhf pemetheprolactone, or

pol yur et hane resin tends to have poor planarity.
polyester of hydroxycarboxylic acid, such as e-

hydroxycapronic acid may be also used.

[0052] Number average molecular weight of the high
molecular weight polyol is not limited, but is preferably
within the range of 500 to 2,000 in view of the elastic
properties of the resulting polyurethane. When the number
average molecular weight is lower than 500, the elastic
properties of the resulting polyurethane resin is not
sufficiently obtained, which is brittle resin. Therefore,
the polishing layer prepared from the polyurethane resin is
hard and brittle, which causes the formation of scratches
on the polishing surface of the material to be polished.
The polishing pad from the polyurethane 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

molecular weight is higher than 2,000, the resulting
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[ 0053] Exanpl es of |ow nol ecul ar wei ght polyols

i nclude 5 dival ent al cohols for preparing pol yester

pol yol 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 {qselected fromthe

group consisting of diethyl ene é?ycol, 1, 3-butyl ene

gl ycol, 3-nethyl-1,5-pentanediol and 1,6- 10

hexanet hyl ene gl ycol, or nixtures thereof. If ethylene
- e ol I l.ar i ght

OhpaghsBErket Divbene gbkeol o7 3%6%%92%&3 “i%v%

| BYBPRLE S orl' SR RS, EBRELLY hELS SRR OB QU Boo:

pal hane nDIded 15 pollshlng naterlal s too hlgh
aﬁéggﬁgaﬁ I'it shing material of the present invention

i tlLe or .the urface

tﬁ&gto"'?ﬁ Fxﬁgﬁ&esl p d|l\%’l Bge e&lugaﬁo|w§ E‘vpﬁéﬂog%géPC%de

chai n.t han | ene ycol _are _used,

S BB ad e Tt PhE e e o dNE Srer dPRg yody described

sui tabl e %g h rdness of thﬁ resul ting polyurethane
"BPAYE - polFshifg | CHapereat < SO Ee 1obLE ME@D for the

However, the cost is . toQ , and it is not useful

t BT GSEPEN TN RPRA!8RY éFc&ﬁoP§efeF@@éﬁ]t9|H§§ g ilgast one

necessary to sel ect the isocyanate conponent

déﬁgﬁ&Fﬁ& gﬁophéh&eQFPEB 68PSPFFén&uPﬁn§l€§§ﬂﬁﬁ@ezleCOl

and_nmpl ding and to Lower the nelt viscosity of the 30

r ésar PPy QéﬁﬁpﬁatédmﬁFgﬁérﬁwérpepﬁénﬁgéQQaﬁépel 6-

conmponent i.s applied_alone or in conbination with two
oPexﬁﬁﬁéhyéﬁgﬁpﬁégcpﬁerééfml%ﬁpéﬁsaﬁéeﬁépfl|nﬂﬁe@thylene

i ncl ude
glycol or 1,4-butylene glycol as low molecular weight

polyols other than those used for the present invention is
used, the reactivity is too high during casting and molding,
or the hardness of the resulting polyurethane molded
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 alcohols
having longer chain than 1, 6-hexamethylene glycol are used,
suitable reactivity during casting and molding, or suitable
hardness of the resulting polyurethane molded polishing
material i1s sometimes obtained. However, the cost is too
high, and 1t is not useful to use the divalent alcohols.
[0054] Since it is necessary to select the isocyanate
component depending on the desired pot-life during casting

and molding and to lower the melt viscosity of the
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2,4- and/or 2,6- diisocyanato toluene, 2,2'-, 2,4 -
and/or 5 4,4'-diisocyanato di phenyl net hane,

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

di i socyanate, dineryl diisocyanate, xylylene
diisocyanate, diphenyl-4,4" ( dijsocyanate, 1,3- and
1, 4-tetranet hyl xyl ydene dii socyanate, tetranethylene
di i socyanate, 1, 6-hexanethyl ene diisocyanate, 10
dodecanet hyl ene diisocyanate cycl ohexane-1,3- and 1, 4

L sorymat el shefpreLc, o steyatel OB Lo 5.5
Ré?@ﬁégeﬁéofgagﬁﬁ9f¥8|9D8§¥|ggEEHaggmgln ggggggghegwo or
m%§§§ya@§5§5§8%09ﬁ§¥é%c§;%§%8n2?%%?°¥§ LB The Al e
R L Bt
Sﬁléf t%aégiﬁgﬁﬁ?n§°%ﬁe?ﬁ2meﬁﬁ?$ pEPL ﬁ@habﬁéﬁaﬁt
p%+§%$%$g%%€§s?§gxaﬁ§|% S35 EDEhaﬂﬁge§§éﬂgéége§§@aryl

r.the resent ention |nclude for exanp
FhLAey ?%B$heX%£ﬁ¥%aﬁd D B ues R Ee. OFPhanB gn -
di.am ne co ounﬁ h are not |imted, include
peeaklitt 1%(oa% | br bahPFFABR thylgysgdene diisocyanate,
dj chl or o- enyl enedi am ne, 4, 4 met hyl ene-bi s(2, 3
3Eetﬁ?%%F€¥g%%$|%hé§ocyanate, hexamethylene dlLsocyanate,

-dichloro-4,4 dlan1nod|phenylnethan
c%?%?6%%?Fbﬁ%e%%d¢%%%acaﬁ%ﬁF6roayahph@aaﬂﬁehyﬁne@n@né44—
1, 2- bis(2- an1nopheny|th|o)ethane trimet hyl ene

g@yk%@c3§nﬁte, —lsoCyanato-3-isocyanatomethyl-3, 5, 5~
trimethylcyclohexane (= isophorone diisocyanate), bis- (4-
isocyanatocyclohexyl)methane (= hydrogenated MDI), 2- and

d-isocyanatocyclohexyl-2'-isocyanatocyclohexylmethane, 1,3-
and 1,4-bis-(isocyanatomethyl)-cyclohexane, bis- (4-
isocyanato-3-methylcyclohexyl)methane and the like.

[0055] A ratio of the high molecular weight polyol to the
low molecular weight polyol is determined depending on the
performance requirement of the polishing layer prepared by
using these polyols.

[0056] Examples of 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-
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am nobenzoate, 3,5-bis(nethylthio)-2,6-toluene diam ne
and 5 the |ike. 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
more. | [0057] The ratio of the,organic isocyanate,

pol yol and chain extender during preparing

pol yur et hane resin can 10 suitably change dependi ng
on nol ecul ar wei ght of each conponent and the desired

RISPEIS 1620 PLILOP, PO b PDUROnL BYET 4} 8% MBI TGS BRI v} Rethane,

order to obtain the pol ayef ~ having exc

S50, LOBETALSPEiLb L ScHESL 80 Bk ol RliRePlare, 1,2-
(et o Sar B Shk T RobTPeup ) FAREERe FOPy8RYERA A P

R onr AR 556 tBL b 63ng) e Thalushe! Siamine ang
POALEE by RhEotrBe hERe ek RGSEEchl OGS AFRer tbed above
Boeh BTN 08 Haht Sha Shr PALCRALES | UBPFYaRiER, b Goed alone
pignents, fillers, antistatic a%ents, and t he ot her

a0 17 Ve BB589" | W ERetP0I PERPAEEpad of the present

inventjon, it is 25 desired for the foaned
pbYQuf bt Hamer #6t0tRe pbPi SRPAQIFayepcE2natehapoi¥olt pad
porous material for the polishing layer or mcro fine

foHmF oF X tFedpbl LRI Rg PoRRFTiBIhBRYEVERSRDBRAgEESER| Fan

di apeter of not more than 70 pm preferably 20 to 70
sultably change depending on molecular welght of each

cbmponent 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
isocyanate to the total number of functional groups
(hydroxyl group and amino group) in the polyol and chain
extender be within the range of 0.95 to 1.15, preferably
0.99 to 1.10. |

[0058] The polyurethane resin of the present invention can
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

desired for the foamed polyurethane for the polishing layer
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pm nore preferably 30 to SO pm Wen the average cel
5 dianeter is out of the range, the planarity is not
sufficiently obtained. The planarity neans snoot hness
in mcro structure of the material to be polished,
such as a sem conductor wafer.;oAs a nethod of
nmeasuring the average cell dianeter in the foaned
pol yur et hane, for exanple, 10 there is a method of
measuring the diameter of the cells at a specified

afe@a PYi ¥Si PPe 3P0 L PRYEREOEESS RY - UPLE - pé??ggl énlgpgr or

pol i shing pad of the present I nvention, esl

I@gﬁfgefigéana@okayrﬁﬁQ slggg §5628§£589¢ng%b8v§5 average

ave a specific gravit

t@$1ﬂ5d§9ﬁ§££fcoafﬁat Mo£§f£§%§r7bh h.% gé%g§1yt98 to 70

st rengt the surface pol ayer
URE ETEPaf oF et kT ort oha 5 Rhen et heggg]aggg%%g?g;en
Bkt Tl PE s Frbngr i nantaSorbrafa: Tvao het
(HaTTnT et 20rey o £ PRuuchlc BRaPeRoCHI AREPEl pipgthness in
%Je%%?.%‘&a?ﬂw SFSE Bt Er i ot ele "Be T E%RERD surh as a
cabr eS8 B cudBRE of A357 TnDTBdr €% afiRe 0f bipeF AFuRBerage
Seeht i ged ?f‘é'zélg%%%f%%%@oiﬁg?ﬁﬁr?@g??iﬁ%gempe@,

i nventi on, is desjred for the foaned

resent
p€W§ ?e%ﬁaﬁem?B?O%h%f %F?EHFh@gIE9%rdlameter 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
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. On the other
hand, when the specific gravity is higher than 1.0 g/cm?®,
the number of the micro pore in the polishing layer
(polishing zone) 1is reduced, and the planarity is good, but
the abrasive rate tends to be degraded. The specific
gravity is a ratio of a mass of a sample to a mass of pure
water having the same volume as the sample at a pressure of

1.01 bars and a temperature of 4°C. The specific gravity
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(polishing zone) to have a hardness of 45 to 65,
preferably 5 40 to 60. Wen the hardness is | ower
than 45, the planarity of the nmaterial to be polished
is degraded. On the other hand, when the hardness is
hi gher than 65, the planarity §§ good, but the
uniformty within wafer tends to be degraded. The
uniformty neans the uniformty of 10 abrasive anpunt
within the surface of a silicon wafer. [0062] In the

Lishi d_of th [ an, it i desired
PELLRETR L LB AR i 1, 1 Cesl e
(Rphe o8, LRk et 2P gEs DL OL 0300,
COmiene s Bt Bels 0 BRSNS e

oRtaine . _The conpres%ibilit is determined by usin
t RBOHSFRORBNGORE! miPalal6083fraresrsessi Bidl ity 66 0P
[ éTl-TZ) /[ T1] x 100 20 [0064] wherein Tl represents
t A8 €Ri ERnes¥hER &hsahpirenesst és dpyeircatedn 46 IbekPa
(300 g/cn?) stress for 60_ seconds to the sanple, and
TPLlpBpresents fhe MRICERASds tof bet poldahse 1af tegraded. On
apglication of 180 kPa (1,800 g/cn?) stress for 60
seEBnAshEs PREMsakpre thct hersingss Ts. h2ghpgosdpn K5, the
the polishing pad of the present invention, it is 34
dedpped ifyr ltshéopéan@@tpéﬁyeuruéltlff@rif@lfcdr wilfyé ipomiagieirngends to
| ayer (polishing zone) to have a conpressibility

r B€o¢epy agrdso Tg@ 1WATPIrREN fMeansompeessilfiorimiyy of
recovery is out of the

abrasive amount within the surface of a silicon wafer.

%ferably

[0062] In the polishing pad of the present invention, it is
desired for the foamed polyurethane for the polishing layer
(polishing zone) to have a compressibility of 0.5 to 5.0%,
preferably 0.5 to 3.0%. When the compressibility is within
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;] x 100
[0064] wherein T; represents the thickness of a sample
after application of 30 kPa (300 g/cm?) stress for 60
seconds to the sample, and T, represents the thickness of
the sample after application of 180 kPa (1,800 g/cm?)
stress for 60 seconds to the sample in the state T;.

[0065] In the polishing pad of the present invention, it is
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above range, the thickness of the polishing layer is 5
| argel y changed by repeated |l oading fromthe nateri al
to be polished, and the stability of the abrasive
properties is degraded. [0066] In the polishing pad
of the present invention, it i desired for the
foaned pol yurethane for the polishing |ayer 10
(polishing zone) to have a storage el astic nodul us of
not | ess than 200 MPa as neasured by dynam c

V] St a n a erature of 40C and
R E e e bE o AR koL RaPR 20kl bl ehpatntg Laver
is_less, than_200 MPa,.  the strength of .the surface of
tﬁ%op%FPéﬂ?néoPSQZEoigaYg ?e&ﬁ@@g?siﬁ%lﬁﬁgprﬁﬁﬁVﬁfy of 50
of t pater al be polished, .such as a _
o6 LEAB0c B Shar Br FoPfeaiaasa i Har soragy 1ol aufief the
nodul us_neans astic dul us _neasured by applying .
SRR arEn P br SEFohnE6 NERES  GAmE B! pan SENARD ASVAS 1s
s?ngle with a tegsile node fol der of a dynam c .
vi ScBBl ¥stePEGY 28 SpBEfFBReterdipgobyPMThECNBRRGE1E to be
preﬁaring cl osed-cel |l type foaned pol yurethane . .
sbiPt aBRr§duseadi hEn&tpBiishngt| A)er abbpsiKe properties is
pglishin pad of the present invention wll be
eXpPERABA - in detail hereinafter. The method of
preBarin the foamed 25 pol yurethane conprises the o
f 6P 6§ﬂngns¥aﬁsp@é}sbénecyadssf fbeeBregaptSinvehhgone it is
prepare a_cell dispersion of an isocyanate-term nated
prepor §fefor AtEe| feanedbasedusarhaneaneri shaddedisbing layer
i socyanat e-
(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 frequency of 1
Hz. When the storage elastic modulus is less than 200 MPa,
the strength of the surface of the polishing layer is
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
spectrometer.
[0067] The method of preparing closed-cell type foamed
polyurethane suitably used in the polishing layer for the
polishing pad of the present invention will be explained in

detail hereinafter. The method of preparing the foamed

polyurethane comprises the following steps (a) to (c).
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term nated prepolynmer and stirred in an inert gas, and
the 5 inert gas is dispersed as fine cells to forma
cell dispersion. Wen the isocyanate-term nated
prepolyner is in a solid format ordinary
tenperatures, the prepolynmer i385 nelted by 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

stooe8 Ngia) WO r {16 €MrprgpstePa Th€l1 dispersion of an
i socyanate-term nated prepolynmer m xed with the chain

exdangeiat s cashiddc&d r@iéj;opmeflﬁat -cured. 15 [0071]
The inert gas used in production of the polyurethane

resd 11 f @ 415a 4@ s f 0f o & 041 NOs Th @ §etd San b dJark St e-
preferably not conbustible. Exanples of the gases

iﬂ@ﬂrﬁtﬂﬁaté&tpﬁ%‘l%@é@g&r{d & LAFOQN; Hi 91 08 B8Sya @ and the
rare gas such as el ium and argon, and a m xed gas

t; f t ' [ i t
s eofgaands thes @l s 29 %'@%%8(:7%]?@\’@0"‘%&5 ésc%"%?

preferable in view of cost. | As a stirrer

ol SRS SE N t hnd herte gf§o&yr1a$£1@e-é&MQQ@éga&e&bolmer is in

surfactant-contai ni ng i socyanate-term nate

P eROI YaTeFo 1P JOF SR A1 08 fel difpe WEL L EDOWL STHELSBAfED s
b ar exanples

used w thout particu [Mmtation, and

e
theread 29 daclude: a, gf@%né&f{abﬁe d'térﬁ%(iéﬁ%é;‘. shape

tw n-screw pl anetary m xer and the

ologl PO Ll DS A 5 DOl BT LACLALLY

imted either, b

3.4 eéﬂfrpl é/xﬁjeqr%jef oié ogcﬁ'?iéé n&, ,Ceilrllgf'mixed with, the cell
dispersion under stirring.

[0070] {c) Curing step

The isocyanate-terminated prepolymer mixed with the chain
extender 1is cast in a mold, and heat-cured.

[0071] The inert gas used in production of the polyurethane
resin foam is used for forming fine cells, and it is
preferably not combustible. Examples of the gases include
nitrogen, oxygen, a carbon dioxide gas, a rare gas such as
helium and argon, and a mixed gas thereof, and the air
dried to remove water is most preferable in view of cost.
[0072] As a stirrer for dispersing the inert gas in the
silicone-based surfactant-containing isocyanate-terminated
prepolymer to form fine cells, well known stirrers can be
used without particular limitation, and examples thereof

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



10

15

20

25

[0073] In a preferable enbodi nent, different stirrers
are 5 used in stirring for formng a cell dispersion
inthe stirring step and in stirring for m xing an
added chain extender in the m xing step,
respectively. In particular, stfrring in the mxing
step may not be stirring for forming cells, and a
stirrer not generating large cells is 10 preferably
used. Such a stirrer is preferably a planetary m xer

jﬁ§xé§n§natkﬁgeﬁiﬂay be,used L0 Bgfgﬁtgéﬁkggﬁ§;§@ +@nd

€ m Xl ng step, and stirri ng con I ONs SucC

|.OL . [tator referabl .
e Pk s PRE Bes S 0 DGy af B R e rer By Fof Whipper-
' t f d I th , . heating.and
EEBeCtPTng B PRent sanr BBt S Raathyocagrima iR c=ddfr
di [ [ | d d ti it until the .
ot QBZPLi GR PoBtefFarar Cy BPeoerPate i 04 FRTPRpr GFiRGEES are
th hysi cal ti f the fo and are
et Fdmely SEar ABPe O30T THEIBEI F BPLpersrBR AagMbéncsee
in anold and i di at el ost-cured in a heating ,
oVERTT4RA SUER GRterhsAEh: T CBREOFoRSX 1REaRR] SAGE chain
i medi ately copducted to the reactive conponents, and
tﬁﬁEePaErd'QnﬁgﬁrQléﬂnaeFF§paréeSHSFtFH€ﬁ¥a3eéP PReticular,
curing. reaction is preferably conducted 25 at nornal .
pFEéEgﬂag t8 SPEbEr2BIt RECBhARE BPLcBFI §ti37inpodps) forming
In the preparation of the pol yurethane resin, a well
kRBWhS catBPy &t SAdEEPEr BPFnESPEFFhLBEnaREIReGELILENLS

such as tertiary am ne-based catal ysts,
oP@%ﬁ@F?Hlﬁagéadcat§P9§t§,Stlrrer 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.

[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 it until the
dispersion lost fluidity are effective in improving the
physical properties of the foam, and are extremely suitable.
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

at normal pressures to stabilize the shape of cells.
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may be used. The type and anount of the catal yst 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 foamed pol yurethane may
be in a batch system where eacty conponent i s wei ghed
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

> 4dl . Lti ; SLon. i s
SEOGT$Pglﬁeyhéepr@@grépﬁoﬁ§§P Eh@?p&?b%ﬁggg?ﬁéhggglh, a well

provi ded to produce nolded articles.

pahdshi nge k ayer usech fpi1hg BQhgﬁggggaﬁédr85c5§%ﬂhesuch as

present 1 nvention can be produce y cutting a sheet

OEerEf§r§QQWFQEPQA§&5e$§@QP¥ég§inoﬁéQQ@E?Q—8§ST%O$%Talysts,

descri bed above ~. Into a p et ernt ned si ze.

gg%?pg%pgéééhinﬂh@aggﬁé ég §é§§?gt knyﬁgt%%g% %%Eggdded are

or the polishing Ia ave a

Wit Spd s M o 0oL 0oy 5o D

paring ishing Ta ernh%ving

(pe.gbove hlkacss, dncude o meLbod,of brgEessing

uced e metrhod de BRd above

| t hi b i f, band t :
S TN BTty PV e o
CcO rrsin a_cavl a
Gﬁrea?g? %Y%%?%oﬁh%¥e3%?%% F%%P?ﬂﬁgﬁegﬁnrah%hﬁi @ﬂ%eg
| di t echni X t i ke, 79] .1t is desired,
;%ﬁt%ﬂ%u%% ig%ﬁ%gélg€%?e g %%Vgnag conllnuous production

system where each component and an inert gas are
continuously supplied to and stirred in a stirring device
and the resulting cell dispersion is provided to produce
molded articles.

[0077] The polishing layer used for the polishing pad of
the present invention can 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
i1s not limited, of 0.6 to 3.5 mm. Examples of the methods
of preparing the polishing layer having the above thickness
include a method of processing the foam block produced by
the method described above to a given thickness by a slicer
of band saw type or planer type; a method of casting resin

in a mold comprising a cavity having a given thickness to
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variability of thickness of not nore than 100 pm 5
preferably not nore than 50 pm Wen the variability
of thickness is larger than 100 pm the polishing

| ayer has |large crinkle, and portions having
different contact state wth the material to be
pol i shed are forned, which degrades the abrasive
performance. In order to dissolve the 10 variability
of thickness of the polishing |ayer, the surface of

106, ROLESNL NG L AXAN S At g5S2d Y Ar 2S36E AU 08 et

aprasive gralns o I anon ectrodeposi

E@ggggngtmﬁéﬁgpﬁue’lnltlﬁkﬁ|§a%e of poli shing.

Wever varta 6f thickness is larger

t [imt ssin | on
gzl %ﬁp9ﬁrgaa&f Qe%ogf?ﬁ8|sﬁgﬁshfasséfYFﬁgtowﬁave a
addi ti . restr e vari b|| t he
CheEkaBLy:bY ?ﬁegéaFﬁgﬁﬁﬁg LEE Toke ShAPadlofTy he
olishing.layer (zone ted to iven thickness
ﬁ%?eggrﬁglﬁu ?Fnéofﬁegp JE% HmbufWﬁﬁg tr&ataERebidity of
ef er abl ducted tepwi.se by using abrasive
EEéF ARk 6 TaFBror SHETPAPE efe ShSeBor6BIPa AeyRE has
lishin ayer  fornmed fron1the f oamed pol yur et hane
afﬁ@ Bgé E%? i AVENPPERIONE PeviBgurtédergntosontact state
provi de grooves on the polishing surface (polishin
thE? 88€ BahtacelwiPhPs REtésP&R ?6ebé058ﬁﬁshéalﬁg degrades
polish the, material. The abrasive slurry provided
dEP?n@b56FF§ﬁ|H@ffPﬁ@a§éﬁ1 coRdGEEsE deviéespdve the

effectlvel¥ retai ned by the
variability of thickness of the polishing layer, the

surface of the polishing layer is dressed by dresser having
abrasive grains of diamond electrodeposited or melt bonded
thereon at initial stage of polishing. However, when the
variability of thickness is larger than the upper limit,
dressing time 1is long, which reduces the productive
efficiency.

[0080] In addition, in order to restrain the variability of
the thickness of the polishing layer, the surface of the
polishing layer (zone) adjusted to a given thickness may be
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

provide grooves on the polishing surface (polishing zone)
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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
retai ning abrasive waste, suc s abrasive dust, used
abrasive slurry, and snoothly Ischarging it to the
exterior thereof. The grooves also 10 prevent the
material to be polished from breaking by the

h 2 b i
0P SR hg~ Ay ar T2rB683] The X BEVGSTBA I RePSUrPCE G
h I . of t t
RS BPLE o e By =aa % BhERY FRerudes, e diarnaning
| d f
BT oRed FaBaachs e§h§5§§563&%8@ %e%tiﬁéﬁiéiéﬁsa@sdaﬁa the

the |
.P?ué%rs?.ﬂé bPBoUReBRa e e GE Ry abas L6P0 o8 VEeat foRCt 1o

g i dg &ﬁfg % 11 a d 20 bottom surface 12 of
Pb g&m18 Eho HUERF. “2€af rasﬁﬁ@rséﬁFchénthe
the ?roove h& term" inngr surface_ of groove" used
hBPLF R FBPePRIE8C5r | dBsEAghé 190rf 406 GFOSVEE adgpf Agde a
d bottom surface of the groove. In case of U shaped
?BBGElOPt tsadPptPchPt Ps! aﬁéﬁuﬁgﬁﬁéﬁlﬁét@@éﬁSﬂW@ pgste,
S|de surface and bottom surface as the inner surface
of Uthe@403PgRE6VE. dPfAtcakacsr avréﬁéﬁédsé%w@ afigg smoothly
i nner surface of the groove conprises onlé t he side
strFERBTILBESAT FA Fhé BSFESAPAg thaye6f -t héhpr 5eaves also

invention, it is
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
limited, includes, for example, rectangular groove
comprising side surfaces and bottom surface, U-shaped
groove, V-shaped groove and the like. Fig. 2 is a
schematic cross section illustrating grooves having
rectangular cross section shape. The side surface 11 and
bottom surface 12 of the groove 10 shown in Fig. 2 are
inner surface of the groove. The term "inner surface of
groove" used herein refers to at least one surface of side
surface and bottom surface of the groove. In case of U-
shaped groove, it is difficult to distinguish between the

side surface and bottom surface as the inner surface of the
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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 i s non-porous surface, i{Pis consi dered that
the technical effects acconplished by the present
invention are sufficiently obtained. However, it 10 is
nore preferable that the inner surface of the groove,

POLEOVL? Mo EASE OREVSURLACE BEoLUE StE THRERCE.20Ece of

ttomsurtace o a non- por ous Su

' b I : hni_cal effect
cHhe b8P St P REHE 520 BoB4) e Rspe bF SERe or cove on

I shi . Of | i shi I . t L
oLGRREh) 301 G Pt S6%1 Bl pa0 P RO rbBee 5P Lonaivgrison, it is

r d ] oo ol ygon | o such as triangle | oop,

B et 8852 P BetPRgbhel 8851 808r R subaBRqot: oSl bkeove to
The nunber of the groove .S not partiﬁularly 20 ,

| P PR B PBRgSRE Pt s hBt CPE§sOfhafc29rPRYe having small
arrangenent of the.grooves i s not garticularly ,

R RFLBGeABUE ST AT ARLEE CFOrSeRShpren FBEBSgr 5FBsiE only the
concentrically arranged, |oop .grooves eccentrically =
ar? BhgBdSUF b3 eg?Bo%ﬂ% gﬁﬂﬁYFsF%gn8ﬁépoF885 grodeeeandt is
the ot her grooves positioned in a portion 25

sTPPBLAGES b?h?ﬁetﬁ%obeaPabGéloﬁfﬁﬁétﬁoﬁpgﬁmﬁél§nﬁﬂaé§ the
and 91 the |ike. [0085] Anpng the | oop grooves ,
dese? Fhed ABBUEIOT 0Bpe gP BEVeS I eRELINgBAaEASEhe HEMAVEE, it

concentric circles are Ereferable
1s more preferable that the inner surface of 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.

[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 loop (such as
triangle loop, square loop, pentagon loop), oval loop, and
the like. The number of the groove is not particularly
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 the other grooves positioned in a portion

surrounded by the loop groove on the polishing surface and
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in view of abrasive performance and easi ness of
processing 5 the groove. [0086] There nmay 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, |inear
grooves arranged in the direction of the 10 di aneter
on the polishing layer. The linear grooves may be
arranged in alattice pattern. There may be

gﬁ{ qi dons penetrated fromthe polishing surface to
the backsi de of the polishing |ayer in addition to

d bo 1 7
(L Wi O T S TiTes oPet RetEas TabTag TagRrorooves
h 0.05.to bl
t°r@a%%%“ Fia: %mmfat(ﬁowereﬂ“lar%ﬁeifee% o %im%?erable
t han to enter th abr asi ve

sﬁfhrrjyewn Fptdshie DAL ThEnt S o coas e ed &f gt geessing

nctioning as a flow path of the abrasive slurry are
ﬁh?|%ﬁ%ﬁﬁ y obtai ned, which degrades the abrasive

rate. ~In addition, it is very difficult to process

t RPRf bolesre H%R/Yn@ TP RS o2 6HRT | e e t AERED. DRI OF
and productivit degraded. On the other hand, when
tHESH R O ?1?1% %‘P%b%l?@s $9Tfarget t M Dien nky Eee loop
polishing effective area of the 42 polishing surface

T IHE Dol R nPFPayes tontet thfthtite shapertay ko for
be poljished is reduced, and the abrasive rate is
rUHRIERLE  ThiD ¥ 3T V@Veat & FaNaePatAnbherdiseet fop of the

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

[0087] It is desired for the groove on the surface of the
polishing layer to have a width of 0.05 to 2.0 mm,
preferably 0.20 to 0.50 mm. When the width of the groove
is smaller than 0.05 mm, it is difficult to enter the
abrasive slurry in the groove, and the technical effects of
functioning as a flow path of the abrasive slurry are
sufficiently obtained, which degrades the abrasive rate.

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

is larger than 2.0 mm, the polishing effective area of the
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eval uating 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

di stance between the groove 14 forned and the other
groove 14 as shown in Fig. 2. Mhen the pitch of the
groove is smaller than 0.1 nm nmany grooves are
formed on the 10 polishing pad, and the polishing
effective area of the polishing surface of the

I nt ac e
R S0 OB e GRS R SRTECEBEIRLET B8 cne

t£§tﬁ€{§§'¥8 ﬁ@t ?15Ehége QtngucQQndgn @Hetggrg 5%% rate

groove s Targer th he area o

R (R S T vt SR R et

e material to n r eaSed
frigtional r £sis ? en t e material to be
po+|§ﬁed a t%eggggls égpggr Tharefore, the
j ol ished r noves fromth hiin

Egggé% |ch s gesﬁﬁpcéPY% lBECthk?ﬁgg?gl?ﬁé B?gcﬁhe
ofrthg roove neans. g g ¥t88i dIS% nce between. ,
a%J%%e%t Qridaves® Pobs 8s eﬂmforTFﬁeprBBv%s s
1t Q. have not i |
it el PERiTre BF arpRid LArPabeCrorhrie hscabher aroove
pﬁétlon of the bgttongsur%ace When 25 the depth of

Y7 oV T s T eb39t han 078 Hnf™h ?h@lﬁﬁbaﬂéetﬁ% groove 1is
bet Mfﬁn feedlng nd di schargi ng the abrasive slurr% S
note L 5of f FHafRn ? BBt a'heY, IWRAPERST T Rof OpFefieranfae
for 0|IShIn epth of the groove is preferab
n%?l g pa S hg polishlnggeffectlveparea of ghe
polishing surface of the polishing layer contact with a
semiconductor wafer as the material to be polished is
reduced, which reduces the abrasive rate. On the other
hand, when the pitch of the groove is larger than 20 mm,
the area of the polishing surface of the polishing layer
contact with the material to be polished 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-
called "dechucking"). The pitch of the groove means a
shortest distance between adjacent grooves.
[0089] It is desired for the groove to have a depth of not
less than 0.5 mm, which is a distance from the polishing

surface to the deepest portion of the bottom surface. When

the depth of the groove is less than 0.5 mm, the balance
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than 0.85 of the thickness of the polishing |ayer
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 width 14, pitch 15
and depth 13 of the groove 10.4£0090] A net hod of
formng the groove is not Iimted, but 10 includes a

nmet hod of mechani cal cutting using, for exanple, a
cutting tool of a predeterm ned size, a nethod of

c [ r-esin i n_a..nl. aving a.qgiven surface shape .
a%%kgggpnégéggngaa%g?ﬁégcoﬁrﬁF%§%F%§ Pediat W& ﬁd“&r% is not
pr. pl avi .a__given surface shape, a nethod of

P 4G P hE 1T 50841 KR BREH e Ehograpir: ok rethad

of. form. th r Qv b rinting, a nethaod of
{BPALG the 0f50vE8t) PhotRa FGREVuding 6arBeR1y not more
d%%ékdﬁ % el gﬁg Eﬂe kike. Preferred is the nmethod

of 'flechanicl t i'ig C*f6681P TTHE Sp &G SRitig Ipda Yesr Reg ing
fr$n1a gorous mat er.ial, . 20 such as foaned

poFYuP8LAZRE s SBXEaFFehl 4 SHoPits kg Stfenath of the
sem - conduct or, deyij.ce. In case of formng the grooves
ohCLtREPEr BEE -natéfiraf By BHECNECK&RICRET icuctiosg, section
"hurr" Yr open pore is formed by cutting the pore

pbPEi Oh1HFETRSLREd thEnWEHEDI Aler Pilichads, asdcheasht B8 of the
si de surface and bottom 25 surface, of the groove. The
ugd&8°%6r &8 ve slurry and 44 abrasive dust are easily

ri ined_and accunul ated by the presence of the

h ﬁgﬁ

il Pole6pen pér éoshipBethAnerosyef asenosf likéted, but
ggggYSdelhgr%g¥hggeo%r%gggakicgaoggigigg,uggggthﬁor exampl
’ ple,
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 grooves by
photolithography, a method of forming the grooves by
printing, a method of forming the grooves by laser light
using carbon dioxide laser and the like. Preferred is the
method of mechanical cutting. |
[0091] The polishing pad formed from a porous material,
such as foamed polyurethane is excellent to polishing the
semi-conductor device. 1In case of foerming 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

surface, of the groove. The used abrasive slurry and
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abrasive rate is reduced, a scratch occurs and the 5
uniformty of polishing is not sufficiently obtained.
Such polishing pad is not durable to long tine
pol i shing. [0092] Tn order to solve the probl ens
descri bed above, it ( is consiglered to use nethods of
formng the groove, for exanple, by heat pressing,
enbossi ng, |aser processing. 10 The inner surface of
the groove fornmed by the nmethods is snooth surface

MEBPEEEVQUBES bHEetgggF?gfgglon %%ﬁa%%sa%cu%%%gg%%kbyothe

easl |y cause eat de

1 f th h
AR AR AL PR B B e

ening o e sur ace-an
in case of formn

a he the t he d, t he
F Lfif érPaygr bggno E?ogﬂ fed SRRCSi afs, stﬁgpgpogg Snd the
ayvin snQ nner surface can bhe al so
CUFFI% Snaa%ﬁels FREuc ﬁﬂme9eﬁcrﬁﬁghp8FC§ﬁln§ng 3§F
oaned mater | tend
p88E¥P£Pé?HaBE|PP§ SPlPﬁelio“§Br§§%$éC§P& Popféined. sucn
addi t pn since.the non terial has no pore
fBPlrlréa b9t BaR Ag, “Pﬁe ggeevé sHGPPy L1BRd PRBESSLRE -
d é 2 ve. no sca e, mhlch | ncreases the formtion of
35 ? ﬁ 9%] ThECPpEFi Shi *n§TpRd °BF e Cpresengbove, it
|nvent|on congrlses 25 the polishing |ayer forned
f FOnFarpor6aEmaPel Pal Maha e O45 forﬂ‘ﬁélﬂ &lief grecge, for
t he gpﬁove formed on the surface of the_polishing

| &Jet'Phés BYnBR2poPEES S<BAT aCBPOTIRE Nilor dPSG T PRECESSing.

i nner ;surface of the groove formed on the surface of
t hee 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
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
abrasive slurry. 1In 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

the polishing layer formed from a porous material and the
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pol i shing | ayer has a non-porous surface" neans that
the 5 polishing layer is fornmed froma porous
material, but the inner surface of the groove forned
on the polishing layer has snooth 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
aver age roughness Ra of a roughness curve of 1.0 to

S.ithdim s pF €4 &8 abk YrHe Sgt®oBe Of PPMAE &n Sthd a6€rface of the
roughness. When the center |ine average roughness Ra

Yo Bi sHOUINNESSr CRE ¥ €3 | Sod BEPBELL e P2 Oe PMThbE6rding "the
technical™ effects of reducing of the unusua

relad et s Of o the dive AP ST Y e SEHEL YoM €ndO0Lurface of the
sufficiently obtained.”On the other hand, it is
BT il L 0o PLEPREE 4 NBoRO0, PO OUS, ; PLLLACR DAY T 0.8 che

center l1ne average roughness rougnness curve

ekB0ntalap R eSS LR S e o
UL ST 08 BTSRRI oy
JEed

NON: PQY QLIS SULfACE, 14y | Sy P@SSLPL g t9,, &f

fect
restrain the c%ogglng of "t he gfoove ??%nw?ﬁ% IIDresmlua?n case
[ t al t of th b [ 25
QL e e PR 48 P TP ) hted o ber aie
4 ial..Th f v el ible t '
e Tgeull 1E TR St e DRt il TS e Ratp have o

uhtsual Tetalinnmen

[ SenPOSSI PLE 10 PLERAL S, NS 0O AL P, PASLARNELY curve of

1.0 to 5.0 pm, preferably 1.5 to 3.0 pum as a surface
roughness. When the center line average roughness Ra of a
roughness curve 1s larger than 5.0 pm, the technical
effects of reducing of the unusual retainment of the
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.

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

dust even if the polishing layer is formed from porous
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long-termusability. 5 [0095] "A center |ine average
roughness Ra of a roughness curve" used herein is a
par anmeter according to JIS B 0601. The center line
aver age roughness Ra of a roughness curve can be
measured with an optical type syyface roughness
tester, such as a three-dinensional surface profiler,
| aser 10 scanning m croscope, electron beam surface
profiler; a contact type surface roughness tester,

SHEPeBa g, S hEFF ok ITRGRE, bREEPAS, t, SRRk RGn e
' .of ¢t the polishing |l.ayer .a
SIS Pl B R B
roove utti .

ORES¥ TR E4 bEREa B rhE hrbocnifE pre RonEhGoEate 1ent

sgrfaQE b% gosti?rgcessing. Exanples_of npthpds of
pdREIprB6EBsEPAG AtV ude a met hod offlrLad!atlng a f

ofo0Ral 88 t2abas §£%a%§sE$5%LSggggpégSnégﬂﬁ%eiﬁéﬁiéﬁness

[t it; thod, of thinl | yi 2sin to the

SorFue B%?Q?Bﬁgsfn?pe a?ﬁﬁ eggﬁﬁ¥éggc§r5§§éhapoa@é Bo0601.
I I it; t hod in resin to the groove

R, enttata T harest Pl ifacs $hosed amschneccorve

l'ike. 25 [0097] Exanples of the resins used for the

P63t B oBeiSPRGI4TL P nePUBREEEGLNE YPRAFUEAACBe FaYENESS

for preparing the polishing |ayer. The inner surface

ofe# %rgrﬁﬁgg gan2behteeadedenslopginshéarenPpoiodsr, laser

surface by applying the resin to the ,
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
method of forming the Qroove by cutting and the like, and
then processing the inner surface of the groove to the non-
porous surface by post processing. Examples of methods of
post processing include a method of irradiating a - laser
beam to the surface portion of the inner surface of the
groove by a laser processing machine to melt it; a method
of thinly applying a resin to the surface portion of the
inner surface of the groove to level it; a method of
applying a resin to the groove portion, and then newly
forming a groove; and the like.

[0097] Examples of the resins used for the post processing
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groove portion wthout the foam ng treatnment descri bed
5 above. Exanpl es of nethods 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 dissolving-or dispersing the
resin in a solvent, and then coatlng or spraying the
resin solution thereto a 10 net hod of applying
polynerizable resin to the groove portion by coating

th
q85§§+§¥he po d%lng ‘%g:éeoﬁg%ﬁgfbglPs%ngr g %? ?%%lShlng
t { f th
PSR e DIE PR h oA b noChr s dEeF Sé"%%aa bortfahed to
th h f ther . thap th
\;')%%W oS TR ”»2@%%%3\52 %m»ii«%g??bsn?a%?ﬁég the
ros ing |ayer, Q% $ qgs i face | s exposed
i 5 °the %]ﬁ ‘Pﬁl gttt haS2HiePo"pBrE enEodF%@%Ted
I d t
saf%og gk %‘%m‘? TR, CRhTERLY S 6 oRBBeRaSgh to the
| ishi I ted lishi d
c%r,]%w%i % gfora el 6en g EredCr Pt hee persshrng pager
wia S AR, Pt el Feemn e sy
polishing pad is preferably the lamnated polishing

el Eohi? i 18Y gt ¥ #el POt shE n‘alﬁa‘;’/é?l%ﬁdthﬁereéelé.h%na solvent,

Iayer The cushion layer plays a role in
and then coating or Spraying the resin soluticn thereto; a

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 invention is formed from the porous material.
Therefore, in the polishing effective area portion, which
is the polishing surface other than the groove portion,
that is, the groove pitch portion of the polishing layer,
the porous surface is exposed. That is, the polishing
surface has micro pores.

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

platen.
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conpensating the properties of the polishing | ayer.
The 5 cushion layer is required in order to acconplish
both the planarity and uniformty wthin wafer, which
are relation of a trade-off in the CMP. The planarity
means snoothness in a pattern gortion when a nateri al
to be polished having mcro unevenness fornmed during
formng the pattern is 10 polished, the uniformty
within wafer neans uniformty in the whole materi al

thP@OFOIﬁéhﬁg gﬁ?n? éﬁérigy ngergﬁﬁovgﬁ b%ﬁw%pgted

properties o ing-l ayer

@%éﬂ.onI?éyéaaSiéﬁF%ﬁ%ifg BenEPlnGREngr TEHE" catH: ohe

I f b h h f th [ ishi
SR L S R

|nprov
I t th f t
?0'% L L T h gt Pabare PEOp R PR Ee P?TIgﬂﬁaEQIﬁgé?IOI
e cu Shlf e t o have  an Askgr A har dness
ST %¥%F I%F@%W% 38 CF§¢B2fOERaRPMBS 1S h Soth the

rnﬁan € for fornﬁ ? Ee CUSEIOH Ia er, whjch are
Pt PR B U ARFRUEY 2 hbRWBY EA FFerGéchfaﬁﬁuéelatlon
woyen fabric, nylon nonwoven

h .
%r?ggrgg? ?? ei%ﬂﬁﬂ@eﬁMFabrFEe BlPBAT ALY nBPeRRabRAOLhNESS

25 nonwoven fabric, such as gester nonwoven_fabric
& ?d%?%b%%?eﬂoﬁﬁfﬂnpﬁb9ﬁr%tﬁé 8T1pd| AePeresi Askednpaving
such as uret hane foam polyethyl ene foam rubbery

rest e $ieh %ESBUF%HW%ﬁedPHbBQrfOF@éEgeﬁberﬁébéﬁrn is

phot osensitive resin;
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 layer.

[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
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
fabric, such as polyester nonwoven fabric, nylon nonwoven
fabric, acrylic nonwoven fabric; a resin impregnated

nonwoven fabric, such as polyester nonwoven fabric
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and the.like. 5 [0103] A nethod of lamnating the
polishing layer to the cushion |ayer include, for
exanpl e, a nmethod of interposing a double-coated tape
bet ween the polishing | ayer and the cushion, and then
pressing it. [0104] The doubl ecpated tape conprises
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

BB B L LA LTS DREL o000 i, D o
L S R s e
Le bt Aokttt L05RTEhEL LB SRRl R LEL] ot

conte % ; %he metal ion. Since the conposi tion of
g Fs 8 | ayer may be different fromthat of the

a dhesi ve 20

dﬁ@g?QT % ¥8Eh?§ PciﬁmhaealagfFé?eﬁ?lleahﬁasi?V8ﬁ BRdthe

t th adheS|o Ee each a?he5|ve | a er to _
SthiBben " FalGe. poted: T {7 EITSHr g padeOBEA: néa!Biereosing
desgri d above .is nmounted on _the polishin | at en by
Don P O R ERe e tobBPE. DO5VEBAr ot BpL SAnbO L haY Sk, fagathe
of sem -condyctor wafer can be 50 polished. The
d%ﬁBbéOan?Ea t3pB BHRPFIE8sladhesi ve |ayers on the

rface of a substrate, such as nonwoven fabric
agél?ﬁfn?aé dedR{PpERaF Rt haPAOGBIRY ¢88F el apEVEofayers on
bondi n

the bgth surface of a substrate, such as nonwoven fabric
and film. It is desired to use the film as a substrate in
order to prevent the abrasive slurry from penetrating into
the cushion layer. 1In addition, examples of the
compositions for the adhesive layer include rubber-based
adhesive, acrylic-based adhesive and the like. 1In view of
the metal ion content, preferred is the acrylic-based
adhesive, because it has small content of the metal ion.
Since the composition of the polishing layer may be
different from that of the cushion layer, each adhesive
layer of the double-coated tape can have different
composition and adjust the adhesion of the each adhesive
layer to suitable range.

[0105] The polishing pad obtained as described above is
mounted on the polishing platen by bonding with a double-

coated tape, and the surface of semi-conductor wafer can be
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the polishing layer 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
fromremaining on the polishigg platen. The sane
conpositions for the adhesive |ayer as that of the
doubl e-coat ed tape for bonding the 10 polishing | ayer
to the cushion | ayer can be used. [0106]

3841 r Sdluct B e deviCre 4 So P Ooduegse tRERMENsE hes ghepi vOf1ayers

pol i shing the surface of sem -conductor wafer by using

tdie pod ishimgs paeh of $hey pé’l?é%faté‘veéﬁ&ﬁnasTﬁgnﬁ@%n fabric

conductor wafer is generally forned dep05|t|ng W re

]éh&m¥f¢ma§% &@%é¥ﬁgéérﬁﬁwkﬁé|6§8§l¥@é§£t ﬁgégogopfbondlng

pol 1 shing the sem -conduct or and p

apa r@ﬁﬁ%h&gufﬁ%gog 4[}5 “‘815&99 fa%%)f "ms@ ot

I's” conduct ed usi ng

%R??{ ?E§Q@ri§l %h {éﬁ ffgﬁnpégopfapgﬁl§9# nggﬁlng,

or suppo ng a po a su

W%ﬂ%suc dgofﬁgeSHﬁgoffi g%@r”@ﬂ ré Erag beiﬁuse it

as a sem -con or war er ack
s%‘%%f‘éi%ﬁ@pﬁ%%%ﬂ%%ﬁeiﬁ% S leéﬁ'a‘gorﬁgahe
o%uJb EgLEph Eﬁfaﬁ%' TP BT Par erang e afesive
fe?%f%%%aﬁggﬁf S SRR et e sUpRoR TR By the
deH HeHe , Pt h%?/St AR ShTER 8o efbrosthsss” 1
[0106] Semi-conductor device 1is produced through the step
of polishing the surface of semi-conductor wafer by using
the polishing pad of the preésent invention. The semi-
conductor wafer is generally formed by depositing wire
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 method is
conducted by using the polishing apparatus comprising, for
example, a polishing platen for supporting a polishing pad,
a supporting stand (polishing head) for supporting a
material to be polished (such as a semi-conductor wafer), a
backing for uniformly applying pressure to the wafer and an
abrasive slurry-feeding mechanism. The polishing pad is
mounted on the polishing platen by bonding with a double-

coated tape. The polishing platen and supporting stand are
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respectively. At the side of the supporting stand, a.
5 pressing nechani sm for pushing the sem -conduct or
wafer onto the polishing pad is provided. During
pol i shing, the sem -conductor wafer is pushed onto
the polishing pad while rotatigig the polishing platen
and supporting stand, and the polishing is conducted
whil e feeding the abrasive slurry. 10 Feed of the
abrasive slurry, polishing |oad, revolution nunber of

tﬁﬁ%iﬁﬂéﬁ%ﬂr&h@ﬁaﬁﬁﬁtaﬂﬂerﬁMthhhﬁg ?Hﬂbgﬁdogeﬁbeconductor

sem - conductor wafer, which are no imted, are

wﬂfgﬁf%hpéékﬁéﬁt@§|@héaﬁgstekoéﬁélFHQGE€QM% ﬁg?%?Fgﬁvely

projective portion on the surface of the 1

t ' ' duct or - r ' :
RO LT SR, P SEE RO L rerbBution

bondi &g ; 1 packagi ng. andst hgglu'&égg_ quﬁ%g?@?Hgt sg%ngnda

sen]-conductor evice 1S pr SGH]-COD uct or-
R R e I
G565 D80 oy SRR CBLA DY LRI BLENOCRLEy DSt s ping, cno
08, B 22, L e 0% oLl DL R B 38, 108110
SHEL B8y 1 POLL LD, L SYOE RS M DL LRSS e
polishing is conducted while feeding the abrasive slurry.
Feed of the abrasive slurry, polishing load, revolution
number of the polishing platen and revolution number of the
semi-conductor wafer, which are not limited, are adjusted
to suitable range.

[0107] Thereby, a projective portion on the surface of the
material to be polished, such as the semi-conductor wafer,
is smoothly polished. After the polishing, dicing, bonding,
packaging and the like are conducted, and semi-conductor

device is produced. The semi-conductor device is used for

processor, memory and the like.

EXAMPLES

[0108] Hereinafter, the present invention is described in
more detail by reference to the Examples, but the present
invention is not limited by the Examples.

(Average Cell Diameter)
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m crotone cutter as a sanple for neasuring the average
cell 5 dianeter. The sanple was nounted on a slide

gl ass, and the dianmeter of the all cells was neasured
at an optional 0.2 mmx 0.2 nmm square area by using
an i mage processing unit (I nmage, Anal yzer V10

manuf actured by TOYOBO Co., Ltd.) to- calculate the
average cell dianeter. 10 (Specific gravity) [0110]
The specific gravity was neasured according to JIS

9 Th h th hi
mgggggit nise S na?%% S|§e§%%Fa%%cﬁFjlp%%a%ﬁkgg p?%ﬁer
th k f th fi
gwév??g??fisgsﬁﬁ 5%‘2%%@8 SRR f e HoRornbr AfPe

2C t f 50%5% f 16 h Th

ShBSFFESgr B ?5 fhar fnba2aiag ) (8 R TOVES  ang, &
Sartorius K Fhrdnessﬁ 1) Hardness of
pBFF§ﬂ£ﬂ8e|595Fe§o FOR1EP"RHhE 8Fdﬁ€§§uﬁé§gné§§uﬁéarage cell

according to JI'S K6253- 1997. The material for the
pBEPRAFRG | aJBF WABPAGt WAAt BOARted,8N0f 2léAex 92agfy (and the
proper thickness) as a sanple for neasuring the

hat8meEsT aﬁdtPﬁeaéénﬁﬁélﬁayaﬁem@aévrsd g&nper gpGiengt 0.2
23C2C and hum dity of 50%% for 16 hours. 25 The
haRdheSs2wWaE REH&LFeETBY D¥i H§iadseackmepet REOsSaApiag unit

53 having a thickness of not less than 6 nrmwith a
haFBRESsANARYERT ( KSRePaPUhaFdHESS Ryt BPYRBRULAc ubéd.) to

by Kobunshi Keiki Co., Ltd.).
calculate the average cell diameter.

(Specific gravity)
[0110] The specific gravity was measured according to JIS
Z28807-1976. The material, such as the polishing layer was
cut into a strip sized of 4 cm x 8.5 cm (a proper
thickness) as a sample for measuring the specific gravity,
and the sample was left at a temperature of 23°C%x2°C and
humidity of 50%+5% for 16 hours. The specific gravity was
measured by using a hydrometer (Sartorius K.K.).

(Hardness)

(1) Hardness of polishing layer
[0111] The hardness 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
temperature of 23°C*2°C and humidity of 50%+5% for 16 hours.

The hardness was measured by using a stack of the samples
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(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 (
measuri ng the hardness, and th anple was left at a
tenperature of 23C2C and hum dity of 50%% for 16
hours. 10 The hardness was neasured by using a stack
of the sanples having a thickness of not |ess than 6

%ﬁrégt%rbgrgm%gug%t fbe L LBKE" chal? B %1 TR & naraness

nshi Kel

<rrwmﬁ%rgreryr RO Tk L s

nFte¢ Z gn}(a proper thi ckness), was used as a
sanple 5 ing the conpressibility, the sanple

was | ef a.tenperatu of 23C 2C and humidity of
600100" %Baﬁﬁﬁdﬂ%n? of ﬁBSEbﬂBriggﬁﬁlllty was measur ed

2 SS6000; manuf actured by Se
ﬁ%$¥%ﬁeh?g)har#%%SEoWﬁFe@%?BPF??yanoagﬂéﬂnFﬁeéI6yK6253‘
u foll ow n fornula: [0114 Conpressibility
%gg flﬁ Iﬁ}erlgi] f%lEBeZS‘[lFbﬂ%]1§\MgFF)eWﬁ5TEUt into a

resent t he thlckness of a sanple 54 after
g??c%fl n°Bf X309 kPalf3DBOPEENPhickress) faf gosample for

seconds to the sanple, and T2 represents the thickness
d@e@%%rggﬂpygeaeeégness, and the sample was left at a

temperature of 23°C*2°C and humidity of 50%+5% for 16 hours.
The hardness was measured by using a stack of the samples
having a thickness of not less than 6 mm with a hardness
meter (Asker A hardness meter manufactured by Kobunshi
Keiki Co., Ltd.).

(Compressibility)
[0113] The material for the polishing layer, which cut into
disk having a diameter of 7 mm (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%Xx10% for 40 hours. The compressibility was measured

by using TMA (SS6000; manufactured by Seiko Instruments).

The compressibility is determined by using the following

formula:
[0114]
Compressibility (%) = [(T:-Ty) / T,] x 100

[0115] wherein T; represents the thickness of a sample
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application of 180 kPa stress for 60 seconds to the
sanple 5 in the state T1l. (Conpression Recovery)
[0116] The nmaterial for the polishing |ayer, which cut
into disk having a dianmeter of 7 mm (a proper

thi ckness), was used as a sanplge for neasuring the
conpression recovery, 10 the sanple was |left at a
tenperature of 23C 2C and humidity of 60%0% for 40
hours. The conpressibility was neasured by using TMVA

(S56000; pppnus aebnr e By 198k Ke3obngy EMMENS)esT e r 60

conpressibility is determ ned by using the follow ng

f : 1 r ion recovery (% =
(%%f%%§?(%§-%g§ %A?%%gp[%§§8] wherein T1 represents

the thickness of..,a s fier | cati Q kP
(300 g/ cnR) Str é)srge for 68thezegcr(;&nc S etogoé the tgr%np{ae, q290 Frter

§§%§PPE§§f@ﬁs?f2§%éE%552$§Pe9£ EQ§6§8npégoﬁégeEotE%e sample

Ication o ress for seconds ' to
S ' enState T1l, and T3 represents the
t ICI%%S%P% Qt%@ sanple after no | oaded state for 60
seconds.and then application of 30 25 kPa (300 g/cnR)
stress??%?pﬁﬁsgé%%nggc?%ef%g sanple in the 55 state

T e Sti dul.us) 11 A 3 _mmx 40. nm .
; C%%ﬁ%gf@? Mg ?%a%agg¥o%%$ pL?lsglng ?ayer, which cut into
disk having a diameter of 7 mm (a proper thickness), was
used as a sample for measuring the compression recovery,

the sample was left at a temperature of 23°C*2°C and
humidity of 60%3*10% for 40 hours. The compressibility was
measured by using TMA (SS6000; manufaétured by Seiko
Instruments). The compressibility is determined by using
the following formula:
[0117]

Compression recovery (%)= (T3-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,

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

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

kPa (300 g/cm®) stress for 60 seconds to the sample in the
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t hi ckness) was cut out and used as a sanple for
nmeasurenent 5 of dynam c viscoelasticity. The
accurate width and thickness of each sheet after
cutting were nmeasured using a mcro-neter. For
measurenent, a dynam c viscoel ggticity spectroneter
(manuf actured by |wanoto Sei sakusho, now IS G ken)
was used to deternine storage elastic nmodulus E . 10
Measurenent conditions are as follows: neasurenent
tamerature, 40C.; applied strain, 0.03% initia

| oadi ng, 20 g; and frequency, 1 Hz. 15 [Eval uation of

Abr asi r t he pol i shing
appara¥§t£¥§ é%%%§%%%u %%%ﬂ?%d by Ckanoto Machi ne

NDrks, o@{@h wwsxeéﬂcﬁghgqf ﬁa;;wl g@{@g&ye

propertles e resulting p ing

T
R I LR 89148 LLEIE5 (o neasurenent
0 NP0 PRI AR

orned on Si er a

di

8 The .t h f de f .
halscu%% B i éf%%%"iﬁ%%‘??%f‘%ﬁﬁ%in%%%e r%%%%%‘ﬁ% using a
Ce 5

t d h
$hithg ecrohdugt: agngéae?/b&%m%%éf of | %ﬁ%gf’m%? |Y3c%c%?{ﬁ?’§/l‘?1ty
orS tee%f ‘ng%gﬁjgn%%%#%eg ]? waamotg él\e/alsgkg oe,d I%w IS

o 3
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o
E

) mmUVUB
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o]

) was used to determine storage elastic modulus E'.
Measurement conditions are as follows:

measurement temperature, 40°C.;

applied strain, 0.03%;

initial loading, 20 g; and

frequency, 1 Hz.

[Evaluation of Abrasive Properties]
[0120] As the polishing apparatus, SPP600S manufactured by
Okamoto Machine Tool Works, Ltd. was used in evaluation of
abrasive properties of the resulting polishing pad.
(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 of an oxide film was

measured by an interference film thickness measuring device
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pol i shing | oading was 350 g/cn®, the 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 evaluation of planarity, a 0.5
pmthermal -oxide filmwas depesited on a 8-inch

silicon wafer and subjected 10 to patterning, and a 1

pm oxide filmp-TECS (tetraethoxy silane) was further
deposited thereon, to prepare a wafer having a

pedrhefat widdd ay ictidiled mhddier emee The |@yEls@in®. Sonditions
pm This wafer was polished under the above-descri bed

GaKH td PN 1 Bk each i d feneneg $aml gyel syasy NBasMEeL-tured

to 15 evaluate the planarity. The planarity was

g8t erdidted wys dEasHEd N thertyw difd es ences mﬂ/zhf-‘r\/el -the
One is a | ocal difference in level, which is |evel

Cﬂéfleérﬁr}{%f Idedihey & tesm £ |t|hrée$1u|?r§>\érn9>fa MRt ions
of 270 pm were spaced at 3 pn1 that is, the

dif fetenssridnigyadr afderuds maut s, from 2&@%&%9%

The other is the abrasive anmount in 270 pm space wh

tf@v&l@%néﬂéfed'r%‘q,‘@afé‘rlv%’§|3@ef;¥}ﬁen tops of [ines

in two patterns, which are a pattern where |ines

havi ng, 270 pmis spaced at 30 pmand a
patterrfh%&égikiﬂ nes having a width of 30 pmis spaced

ARSI SRR HOA ¥ Vg e
I
e seal TSN acle, D8 AT PR e

C{ﬁp%{@rﬁﬁlé,h Ipétéefrhrﬁ) %Pgevﬂﬁ{ ﬁ/\i’f]{]éél tatetraethoxy
silane) was further deposited thereon, to prepare a wafer
having a pattern with an initial difference in level of 0.5
pm. This wafer was polished under the above-described
conditions, and each difference in level was measured to
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 pm were spaced at
30 pm, that is, the difference in level after 1 minute from
polishing. The other is the abrasive amount in 270 um
space when the global difference in level between tops of
lines in two patterns, which are a pattern where lines
having a width of 270 pum is spaced at 30 pm and a pattern
where lines having a width of 30 pm is spaced at 270 um,

was reduced to 2000 A or less was measured to evaluate the
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certain tinme. The smaller the abrasive anmount in the
space, 5 the snmaller the abrasive anount of the
portion not to be polished, and it is shown that the
planarity is excellent. (Uniformty within Wafer)
[0123] After polishing, the thisgkness of the filmwas
nmeasured at 25 points on the polished surface of a
silicon 10 wafer. The maxi num thi ckness Trmax and

m ni mum t hi ckness Tmin of the filmwere used to

el £nd ol ey LNi fi08 nshy1 (94 tieeCcOsEiNgat oréhento! | QW Bge1, the
equation: [0124] Uniformty Wthin Wafer (% 15 =

(Higter e ndpdddress pilahdn i Xi AQ0udbeesHBLL 5t S oxide
val ue of the unlforn1ty is, the higher the wuniformty

W1 T NEd e S Wid BEe P g the §hé'§99t@@ﬁe5n'§he &%@gpewithin a

of scratch) [0125] Nunber of scratches of not [ess

thanc Di® PIRON the. LR meleriter QQiﬁévégg%%@sln the space,

measured with a wafer surface ana yzer

nenwf a6t vy ed bye T&E’PQ&&?%}{?&@A{ 5'f(§H§ gﬁ&{@ygrb@@% be

Ra) [0126] The inner surface portion o e groove

f;%ﬁféjh@@ érl;‘@ P@|i§hé}3%d§u€£§€etﬁécébgﬁpl#z Qgexcellent

|'ayer was cut out as test pie i'ece

adherePUPPféfﬁﬁ%%aﬁftﬁﬂﬁhﬁ£¥§§ mnth a wax. The center

I i ne average roughness roughness curve of the
o BL A0 0E ST P TR TR B, Pt e
measured at 25 points on the polished surface of a silicon
wafer. The maximum thickness Tmax and minimum thickness
Tmin of the film were used to calculate uniformity (%)
according to the following equation:
[0124]
Uniformity Within Wafer (%)
= (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 of scratches of not less than 0.5 pm on the
wafer after polishing was measured with a wafer surface
analyzer WM2500 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

a test piece. The test piece adhered on the glass platen
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.a surface profiler P-15 manufactured by Tencor
Corporation 5 at the foll ow ng neasuring condition.
Scan | ength: 2500pm Scan speed: 20pm sec Stylus
force: 2ng Stylus radius: 2.0um 10 Cone angl e of
stylus tip: 60 degree Further 4gtest pieces were
prepared as descri bed above, and the center |ine
aver age roughness Ra was neasured as described above.
The average of the resulting 5 neasured values was

d@i@ﬁnénﬁﬁx.anﬂhéh@eﬁﬂ@fagﬁnésa§@9$ﬁea§o&8§né§sCﬁﬁtgf a
i ne average roughness Ra of a roughness Curve as the

S §e§§U8@P@ésof@%héS%§§£oﬁ§éc§h§9etﬁémg£99¥ laten was
[0127] The sectional shape of the groove was eva uat ed

B¥e a $15F &9 éges£9££9¥‘Pgﬁgﬂﬁé§§t£880fa%ﬁ§r£é-J?Q B

< : - 06%3 with
Eval uation criteria o: average o groove wi df

g§a§&ffgc@t%£@ffferppLFBS@%HUEQSFgggghBQif&ﬁéé?nc E8ration

serving the sectiona ape o oove 1S W

hey LAt i f the th
e A OEs a0 e g e e L

measuring p 25 pmor not nore

secti onal shans 1o 3Bk L BedFen o e aver age of the -
groove, i dlicks WADAD bhgy Lgcoet range. but the
pm
Stylus force: 2mg
Stylus radius: 2.0pm
Cone angle of stylus tip: 60 degree
Further 4 test pieces were prepared as described above, and
the center line average roughness Ré was measured as
described above. The average of the resulting 5 measured
values was determined, and the average is shown as the
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.
Evaluation criteria
0: An average of the groove width measured at three
points in the depth direction when observing the sectional
shape of the groove is within the target range and the

deviation of the three measuring points is not more than 30

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



10

15

20

25

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 w dth
is slightly out of the target 5oange. 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

strdaoegid ddret S@edl oftadpe SUs f @s€aindd whi ch the
sectional shape of the groove was 15 neasured, was

eval uat edripy arséngyd her fohd oybagvevial gak i 08 wethieride
Eval uation criteria o: Not nore than 80 pm : From 80

1100 Q0 pran@d, XoutNothé egsvihenod 00s P £YeAr+104n 95 OOVE.
processing tool) [0129] After processing the groove by

UsiNgs the Haovey P50cESSINDyt 90! on®fpi thhtherne rectangle
cutting edge was newy polished, the wear state of

the- e td nosiedge of %éﬁéﬁﬁppyeog§apﬁ@&e§§én%?é?ﬁ%vf@§ion of

eval uated. The R of the corner portion 60

CUd | 119 £HGRe SHOMWY & No & G s 71 YaS, FBASHL e@hé&ysg%@g db@t the

scanni ng el ectron ni croscopy SEM or m croscope

L%rséi/%ro Bl e beg 8500Y &, PEOSESST 09: {01 y V&S, CYAI URk 6farget
range.

x: The average of the groove width is out of the
target range and rectangle sectional shape is not entirely
obtained.

(Surface burr)

[0128] Burr from the groove to the surface in the sectional
surface, in which the sectional shape of the groove was
measured, was evaluated by using the following evaluation
criteria.

Evaluation criteria

o: Not more than 80 um

A: From 80 to 100 pum

X: Not less than 100 pum

(Wear of groove processing tool)

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

processing tool was evaluated. The R of the corner portion
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the follow ng evaluation criteria. 5 Evaluation
criteria o R=01to 0.20 mmand the corner portion of
the cutting edge is not nicked. 0: R=0.20 to 0.30
nm and the corner portion of the cutting edge is
slightly nicked. 10 x: R = not gbess than 0.30 mm and
the corner portion of the cutting edge is largely

ni cked. (Exanple 1) Preparation of polishing |ayer 15
[0130] 100 parts by weight of a polyether-based

s et frenecutpr eppl yaes {slinpr eneriq 325 pRoulaciwred BYy using
Uniroyal, NCO content: 2.22 neq/g) filtered and 3

prd Sarltyi Wi il c ©f 012 St Hd SONSy based, POR] O & , d th
surfactant (SH192 nanufacturedyby Tor ay Dom;%%ﬁ%%ngan ©

Sidd cone 63%agﬁé&bé_ﬁfgéb§§ﬁﬁ?d8§§ﬁ &§§oeégﬁﬁh{é&06§rﬁ%ing

coat ed vessel and m xed, and the tenperature was

rgﬂénggjggkﬁﬂb§gx;lgg%aég>q5qg%yg§_vigorous!y stirred
for about 4 mnutes at about 900 rpm by using a

fluoripg coated, StifdefaWth introducing air into

reacti on process. 26 parts by wei ght of
4, 4" - net hylene-bi s r il ne I . Quang n
I andt et arod by Fara G AT ot g piot BF he
i I E : nd filtered was introduced
S gaael e ot 1200a

thereto: rostirrin r about 1 mnute, the m xed _
reacti nfg,o;%ié)@e/\@soiﬂ?&&gcr? i.nto_ a fluorine.
coatedp'pan-tybe open’ 1ol d. U%é% %Q% FEHLTT JrC SOt U i Bh the
(%ﬁkggﬁg edge is slightly nicked.

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
[0130] 100 parts by weight of a polyether-based urethane
prepolymer (Adiprene L-325 manufactured by Uniroyal, NCO
content: 2.22 meq/g) filtered and 3 parts by weight of a
silicone-based nonionic surfactant (SH192 manufactured by
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
parts by weight of 4,4'-methylene-bis(o-chloroaniline)

(Ihara Cuamine MT manufactured by Ihara Chemical Industry)



10

15

20

25

5 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 bl ock was
sliced by a slicer of band saw type (manufactured by
Fecken) to obtain a foaned polkyurethane resin sheet.
10 [0131] The sheet was buffing treated with a buff
(manufactured by Amtec) to forma sheet having the
desired thickness (sheet thickness: 1.27 mm. The

fdina.dreatet e sheet1 S @rc theg pel { sbing |ayer,hadhdeq

average cell dianeter of 45 pm a specific gravity o

4
Oc}?éq'et%.ha_rlgf‘t?esls é)tfilslsin %tgr rgslsirp#llui.lﬁé/, o{hé"ng/ﬁed

c
a conpression recovery o 0% and a Tlexura

%é Pl i MR J0e Db D0 T e 80, £1 90PBLe WaSateq

Into a disk having a di ane

(B0, S, SOOGET! g 1 f 1 AL SLOBNER V108 &g o
1685 Fod OEE B0, g, st e, o gy Sheel - B vl 0 00
8353 T GAReA O e eo0d LIS N0, 1o
S PSS B LB S0 O D900 1o
SRR B S B BSERT 00 oI U LI
state, .and cured by heat treatnent. The cured resin
;éﬁ%@%ﬁ1Qéi¥??ﬁﬁ#?ﬁh LS HestrThed above to form

gl!’00103vle]S queai sr}le(g‘gs\}lagrgg]‘:egisrilgg%fe;—theed Cv% Elrl1 né} k\;\l,?fsf
(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
compressibility of 1.0%, a compression recovery of 65.0%
and a flexural modulus of 275 MPa. The buffing treated
sheet was punched into a disk having a diameter of 24
inches (610 mm), and concentric circular grooves having a
depth of 0.8 mm, width of 0.25 mm and pitch of 1.5 mm were
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

was vacuum defoamed to prepare a resin used for post
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5 attentively conducted without 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 surfgace of the groove

bef ore 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

b @ senier e avalageh g reughnesss Ra ot e@ sQUBhRESS,ove
curve of 0.6 to 1.0 pm [0134] A doubl e-coated tape

(Egﬁwblu dtﬁ‘f‘ktﬁ@%é@ﬂéﬁ actured 518 ééfrégk}s Uﬁﬁg‘e{%ﬂment.

adhered to the opp05|te S|de e groove
S [
Eggﬁg angai?%r 5¥t£§ﬁ€?§%n§% %n%ég ngg%S%?ove ko

Ly ene, §9ﬂm J&%@ ngegégﬂg?%lfﬁgv%ggﬁeywas

20 Ind stries, ness

ML S@&‘f’%%é%?%wéﬁgw%s%ﬁf 05 B0 cecin.
S s L IPUPASLEOSL 008 AL v
R g SR S RE 8 o5 iﬁv%gfgﬁgﬁggﬁ% Bafh eptr toe

§€pollsh|n pad. %0136 The abraS|vee§£o erties of the

SUTYT N pol TRRTRY © pad Wt 2 healdr A54t uat ed.

g@qus%fn%%ajdnﬁ;]%%l%&fgwg\acffrtggl é%gggeb e géggpcglsqg
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 bost processing had a center line average
roughness Ra of a roughness curve of 0.6 to 1.0 pm.
[0134] A double-coated tape (double-tack tape manufactured
by Sekisui 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
Industries, Inc.) (thickness, 0.8 mm) having a surface
brushed with a buff and subjected to corona treatment as a
cushion layer was laminated to the adhesive surface of the
double-coated tape on the polishing layer by using a
laminator. In addition, a double-coated tape adhered to

the opposite side of the cushion layer by using a laminator
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5 scratches and good uniformty, and the polishing pad
had good stability of polishing the silicon wafer for
along tinme of not Iess than 40 hours such that
abrasive dust and abrasive slurry were not unusually
remai ned in the grooves. (Conpg-ative Exanple 1) 10
[0137] 100 parts by weight of a pol yether-based

uret hane prepolynmer (Adiprene L-325 nmanufactured by
Uni royal, NCO content: 2.22 neq/g) filtered and 3

085 5e bye Ve g1 oo o1 Ly gone: BS‘SG%PZS' Bow Cor ni ng

RO IS RN R T P n i ST L SR EEE
it RS Smrcn)ﬁ’ eth i oﬁig%’gsﬁnﬁggﬁogﬁ%sg 5 ffcon

reac% gﬁ %%%%ess §;%£%§ét %yp }éﬁ?ﬁ%}ﬁgdahad N Pew

S aTmiIY ane Buskeichisroan 1) g0, (100ca, 00 o
T e it e .

reactlo solu |on Lgéroduced into a fluorin
C%HP%OO pARt tJ; dho\m%ns‘tlﬁ]é F%%\Et%ﬁaébmt%ﬁt and
di.d not 25 fl ow, the nmol d was in an oven and

OS2 TR ds Bt 1Y e B n%rU%Uﬁ%%%Ytléerb%@%@ella thansgooves.
polyurethane resin block. This foamed pol yurethane
resin bl ock QQEP%F?%%ﬂeb@XQ“Ei?Cé} of band saw type

(manuf act ured by Fecken) to obtain a foaned
Fﬁﬁ@%ﬂ%t%%%épéggﬁrpgﬁ@%%ght 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
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
parts by weight of 4,4'-methylene-bis(o-chloroaniline)
(IThara Cuamine MT manufactured by Ihara Chemical Industry)
previously melted at 120°C and filtered was introduced
thereto. After stirring for about 1 minute, the mixed
reaction solution was introduced into a fluorine coated
pan-type open mold. When the reaction solution did not

flow, the mold was put in an oven and post-cured at 110°C
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5 [0138] The sheet was buffing treated with a buff
(manufactured by Amtec) 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 pmgg a specific gravity of
0.86, a hardness of 53, a 10 conpressibility of 1.0%
a conpression recovery of 65.0% and a flexura
nodul us of 275 MPa. The buffing treated sheet was

?gqgh@dheakg éodﬁ§5dﬁé¥ingéaﬂkanﬁg§gu9gtgéne!98@?5 block.

mm, and concentric circular grooves having a

dept b ?B?Qeg HHXﬁM%%EHaHE 9e§§nnghﬁggsﬁggcgé$gea:ggng1slicer

were 15 forned o e surface of t eeét usi n

SETBGRq LOOKGR PREAREDCIBEN! B 18RO, FOLNSEEL0Y) o

0 prepare the " poli ayer s ving groove
oL OEGEISHRBALL SR PULEaCengfR130] The o surface
CPULSH e SNE[RURLoIRTRE FRcoleq EHouERS cour Ve
(flubleshackshong AROVLART Voog Y. SEHLEV  SHRLPLe oo rea
PLACERRESSSLLERe oLy LUR 0ell SO0 RIEr o8 RUPEL LY. reaten
9344 poluet b ele 9ag.Tor py PEC mmutactured by e,
f$ Q?EEH?ngsgSgc¥%gg grggggyagg 898%?Cgegaggngggog? 53, a
compressibility of 1.0%, a compression recovery of 65.0%
and a flexural modulus of 275 MPa. The buffing treated
sheet was punched into a disk having a diameter of 24
inches (610 mm), and concentric circular grooves having a
-depth of 0.8 mm, width of 0.25 mm and pitch of 1.5 mm were
formed on the surface of the sheet by using a surface
groove processihg machine (Toho Engineering) to prepare the
polishing layer sheet having groove processed polishing
surface.

[0138] The inner surface of the groove (wiﬁhout post
processing) had a center line average roughness Ra of a
roughness curve of 7 to 20 pm.

[0140] A double-coated tape (double-tack tape manufactured
by Sekisui Chemical Co., Ltd.) adhered to the opposite side

of the groove processed surface of the polishing layer

sheet by using a laminator.
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5 cushion layer was lam nated to the adhesive surface
of the double-coated tape on the polishing |ayer by
using a lamnator. In addition, a double-coated tape
adhered to the opposite side of the cushion |ayer by
using a lam nator to prepare @spolishing pad. 10
[0142] The abrasive properties of the resulting
polishing pad were neasured or evaluated. As a
result, a silicon wafer polished by using the

pol i shi ng padohadesehabehes; ;htgy poki shing for 15
hours, and the abrasive dust and “abrasive slurry were

Ugﬂ%%?j&%dégf?éﬁﬁ léﬂetbﬁ?ﬂg?@gﬁp% PEP ﬁggggpéguggd by Toray

parts by weig | yet her - based
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coat e and m xed ure

8 T . | d
MR ALNEGa {04 B00pe ThE B, Zﬁ{)fb%%fn%hﬁg%%gﬁi?%g QR
f th d
rie%*@#%:ﬁhrﬁfﬁigggaé%#%@fp?ﬂt%l,o: PiEoCustog  Bide Diferea to
ne-plL,s(0=C oroani l 1 ne ne
e oy £ DS (8 o LR L Y e S B g8 Mfinator

r§V|ousa%\ne fe a% 120C and filtered was introduced
t HerRt P2 F t 2rPLt PP AG ¥oF- about 1 minute, the mixed

C@gf%%PnnglggéQQl&QSpégééggyggdo%n%gearéégfgigg polishing
pad were measured or 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 in the grooves.
(Example 2)
[0143] 100 parts by weight of a polyether-based urethane
prepolymer (Adiprene L-325 manufactured by Uniroyal, NCO
content: 2.22 meq/g) filtered and 3 parts by weight of a
silicone-based nonionic surfactant (SH192 manufactured by
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

parts by weight of 4,4'-methylene-bis(o-chloroaniline)
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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 foamed pol yuret hane
resin block. This foaned pol yuret hane resin bl ock was
sliced by a slicer of band sawdg ype (nmanufactured by
Fecken) to obtain a 10 foanmed pol yurethane resin
sheet. The sheet was buffing treated with a buff
(manufactured by Amitec) to forma sheet having the

deshy ed taaﬁKH@SﬁT(ﬁaﬁska&husbeeﬁ§ 1ha2d cHE%chg Industry)
buffing treated sheet for the polfshing I|ayer

ﬁgégsug@ylmgneagtsﬁ 9& 45 Uiy 2; 3pecL 5'& gf% LY a8Eeq
550 858

a” hardness of a conpressi |I

atg@?%@&sf%%e%$9¥?f%a§4f9$hgr<‘eﬂ$f. I .
SR L R P e
Eﬁgé-ﬁyﬁm“%é R3320 SR8 el 040, %sspr’gﬁﬁnaot
21 085 By “vé%%%aus?%f%“’ﬁsvrs%%%e@é&%ﬁsws%fﬂ oo

t he f ol surface

BignielEe X checTesa lgtGloBod yr BEp8lengEsen accr.

d,.and 67 f
SHhticke “ﬂ§?”§ﬁ§9&§th%$etﬁsSlar§6 ?Bﬁagegi dibygi o sricer
t
fgffeaﬁﬁgg$éﬁ &1 R Fhpr 0528 pbf EBFéegéoégeabFabE 2

manuf act ured by Seki sui
gggg taf§utaggane resgn sheet y 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
0.86, a hardness of 53, a compressibility of 1.0%, a
compression recovery of 65.0% and a flexural modulus of 275
MPa.

[0144] The buffing treated sheet was punched into a disk
having a diameter of 24 inches (610 mm), and concentric
circular grooves having a width of 0.25 mm, depth of 0.40
mm and pitch of 1.5 mm were formed on the surface of 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

the resulting groove processing surface was measured, and
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5 Chemical Co., Ltd.) adhered to the opposite side of
the groove processed surface of the polishing | ayer
sheet by using a lam nator. A cushion sheet
(pol yet hyl ene foam Toray PEF manufactured by Toray

I ndustries, Inc., thickness: @78 mm) having a surface
brushed with a buff and 10 subjected to corona
treatnment was lamnated to the adhesive surface of

t he doubl e-coated tape on the polishing |ayer by

UShGs Bap &M At R - gt doweldi §hoRaca davbl engopked Lapene
adhered to the opposite side of the cushion |ayer by

W e o} 80k D8t ? ﬁ@bprﬁgﬁéee@a@ehtéalngTHédreéélts are
(Exanpl e 3) [0145] The polishing pad was prepared as

dasGih bed iRe EXp®leng @éﬁfgtltgga ggsléeﬁd spegduBlic-

a groove processi ng t ool own 1 n

foll @angaa@bkgo@bléh@aéyrégg 58H998€§§%8f ghgekasu1

resulting groove processing ace was sure

aﬁgeﬁpgafhége oﬁt&hﬁ ? ?gd §8r£§8e g?gé @$d51§@agfoéhe

e groove prOCGSSI wer e evalu

R AISHIO0 Lo IR TR e
. b
e e e P

hpor Spgpm a?%%act % o&%ng?gggg?gggngfesur ace

rougimess of “the" r est 555PRy SUFtace

165 cHRERY! o, o2 02, PRA0E ShcHIESLEONELGWIIRCE buce an
eggb%géggd gg corona treatment was laminated to the adhesive
surface of the double-coated tape on the polishing layer by
using a laminator. 1In addition, a double-cocated tape
adhered to the opposite side of the cushion layer by using
a laminator to prepare a polishihg pad.
(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
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

Example 2 except that the feed speed of a groove processing
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5 results are shown in the followi ng Table 1 and Tabl e
2. [0147] The abrasive properties of the polishing
pads of Exanples 2 to 3 and Conparative Exanple 2
were evaluated. The results are shown in the
follow ng Table 1. [0148] Tabl ggl Exanple No.
Conparative Exanple No. 1 2 1 Surface 5.57 8.59
12.54 roughness Ra Abrasive rate 2300 2300 2350
(A/m n) Nunber of scratches 53 76 178 (per a wafer)

ItQJC{lOJleags] N@tll ﬁ)d:v?r? r'?(sec)ﬁ%%\?ﬁy@v’ﬂ-%)l%ofveﬁg surface

processi ng too (mMmn oove

q:oqggkgie%% QJOpSEfgeooro%élpr%g(b glpoox;e gpl%l'c%s%i % %grtoace was
QneQasQJreE’d 0. aq{‘)Zj Ochos sqia 8e 109 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.
[0147] The abrasive properties of the polishing 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
Abrasi ¢ .
rasive rate 2300 2300 2350
(A/min)
Number of
scratches 53 76 178
(per a wafer)
[0149] Table 2
Feed spged of groove' Te Groove
No. | processing tool {m/min) Burr W
(sec) shape
1 2 3 4
1 |0.01 |0.03 10.05 [1.00 1.00 A o] A
2 0.01 {0.03 |0.05 |0C.08 - o) o o}
3 0.01 }0.03 |0.05 - - o) o] o
4 0.01 0.03 - - - o] o) o
5 {0.03 [0.05 [0.08 |1.00 - o] A o}
6 [(0.03 0.05 [0.08 - - o] A o
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6 0.03 0.050.08- - o069 70.030.05---0p0O
8001----0o0x 9003----p0100.05- - -
- xxo 11 0.08 - - - - xx0 12 1.00- - - - XX O
13 2.00 - - - - x x p Ts: Stop tinme of groove

processing tool W War of grogege processing too
[0150] As apparent fromthe results of Table 1, the
pol i shing pads of Exanples 2 to 3 had smaller surface
5 roughness of the groove processing surface and

sl I(e_ro3 nto‘pgg of _scratches [than the pg@lishing,pad|of .

Con mple 2 The polishing pads of Exanplies

28t g B.dlad] excell ent abrasivie propernti es as|cogpared
) +- | P N PP ~f o) arat it vhn Cvanmnl A 92 1

VA LS U1T1T Urroim g pvag uT ParratT ¥y ATTpT© T T4

[81919-%h the other hand,” in {the polishitdng pad 6f C| o

bI'é 2 produced w thout the metirod of
rrpaHadEl) VE EXan o

producing the polishing pad of the presént ipvefition, °©°

the | ghy@s) ve rate_was |nat reduced, but ,the punper of

was-very large and the budr on the surfage

of t|He Quad{ ffrom |15 grqgowe prjocessi ng was | argeky o
Pl k] r A oah Ao thna fAanAd cnoand inf
U~ AUV CTy CTITC— T CCo—opTTouToT

(| | | A P | PN Ml 2N
gegriadea: OIoZ2TTAS—Gesetr+B
|

a3gricov¥ processing tgol-

n {t he pol ifshi¥xng padsxof A

EXanples 2 10 3 _
Ts: Stop 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
roughness 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.

[0151] On the other hand, in the polishing pad of
Comparative 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
groove processing was largely degraded.

[0152] As described above, the feed speed of a 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 groove
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and Conparative Exanple 2 are No. 1, No. 4 and No. 11
shown in Table 2, respectively. The feed speed of the
groove ~0 processing tool is stepwise varied in No. 1
and No. 4, stepwi se increased in No.4, and increased
or decreased in No. 1. In No.7b, there is a tinme 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

Q&ﬂtdﬁﬂfﬂgjsﬂgpﬁﬂ§@uﬁéﬂge&h§nﬁﬁﬁ'SP'Q@dQ@Q
t hat the feed speed of the groove processing tool |s

cansh@e | hd e SLOoMe N OLeSShAYinStEPsed Not h@ecreased in
pol i'shing pads of Exanples 2 and 3, the 10 grooves

hayi ng, precigs. rectangle sectiopgl §1Q§Pe?ﬁ@df@ec§e¥\beed is
surface burr on the groove processed surface are

ohtal ned Yy Siepw §e Yaryl g & {ﬁﬁbgrc'&?\%jd;?%\%egﬁs.lng tool

groove prOCGSSI ng tool as s

e ofher, E%?E%Oé% ag&}pol [ Shl ng pad of

Cbnparat|ve , since tRe feed 15 speed is
SR e épfr“e*%%%lﬂié%% b 25 o 8&?%"5*‘?1;%%9 agEhod
Wﬁ#?@@ﬁ%&%‘%%@%é% S R or e e e T i o

JV%” rméggqy Q£$€££n§tsurf Ce @2%%%8 pr££e551ng

om a foa po yur han ererna proc
diace o He 9 0oue 2, GOIRLTSENG, 85198 ULl acs, ang,
tom SUI‘

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 polishing pad of Comparative Example 2, since the feed
speed 1s 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.
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surface roughness Ra of not nore than 10. 2.' The
pol i shing pad according to Claiml, wherein the
processed surface of the groove has a surface 10
roughness Ra of 1 to 9. 3. A sem conductor wafer
polishing pad conprising a polkijshing |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 ey Of PvEs Hi@Sp ar §oNn- porous surface. 4.
The polishing pad according to Caim3, wherein the

non- por ous surf age, . Cenk ey akégf @Ygéﬁgﬁg %Qd haglng

roughness Ra of ‘a roughness curve

RS LN BAE A0S L0eh 0 G?S‘%"%%‘%’ei £r8h ™ Ysoamea
PG AR o Iiedlp@f?sé%g?%%r SRS ef el Tr e bBue
RO TP 8 Jaud 00 80, AR db%‘e’s%%f% T R
A3 Po e AOGEE DL IR PR EREN"Po 25T 8 @

pollshlng pad accordlng to anyone of 10 Cains 3 to
7, wherein the polishing |ayer has a conpressibility

.5 to 5 0% . .
of 0 » > "Phe polishing pad according to Claim 1,
wherein the processed surface of the groove has a surface

roughness Ra of 1 to 9.

3. A semiconductor wafer polishing pad comprising

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

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

roughness Ra of a roughness curve of 1.0 to 5.0 pm.

5. The polishing pad according to Claim 3 or

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

6. The polishing pad according to anyone of
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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 |ayer has-sbower hardness than the
polishing 20 layer. 11. A nethod of producing a

sem conductor wafer polishing pad conprising a step
of mechanical cutting by stepw se varying a feed

, f i
spesthand {sed appunt ;0 e %eplv@@é%givggegl?%ygféﬁ%d from a

to formconcentric circular grooves

155190015 Sect ol eheve, O Beopol bl aB, B Bcee 20 o 7

§L§p of form ng the grooves conprises stopping the
feed of 5 the groove processing tool for a certain
time at the position that the groove processing too
reaches a desired depth. 13. The nethod according to

Claiml11, in the. 10 feed d d feed t
ofagnbroove gﬁﬁ%gs%?ﬁbs?b%?eg?%sggf%ﬁaf%% Sgr?éggingf

i ncreased in order of. precedence.. 14. The net hod ,
accorHi ng to dﬁ%?ﬁﬁ%gmﬁg?e?%f{ﬁ%ln%o}?%%?n@a%aﬂ §Recific
formed fro %Saneg olyurﬁthane. 15 15. A net hod of

B Qi Eondute®

rﬁ%ﬁﬁhﬁ%da r“Mevice conprising at |east
a step of polishing the surface of a

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

compressibility of 0.5 to 5.0%.

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

of 45 to 65.

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

layer.

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

processing tool to form concentric circular grooves having
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sem conduct or wafer by using the polishing pad
according to anyone of Clains 1 to 10.

73
rectangle sectional shape on the polishing surface.

12. The method acéording to Claim 11, wherein the
step of forming the grooves comprises stopping the feed of
the groove processing tool for a certain time at the
position that the groove processing tool reaches a desired

depth.

13. The method according to Claim 11, wherein the
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. A method of producing 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.



