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SPECIFICATION POLISHING PAD 5 FIELD OF THE INVENTION [1]
The present invention relates to a polishing pad which is used for
polishing an object to be polished, such as a silicon wafer, in a

manufacturing process of a se&gﬁgﬁg degilge or the like. 10
BACKGROUND OF THE INV s a process for flattening a
semiconductor wafer such as a silicon wafer is conventionally adopted a

chemical mechanical polishingP&gflgﬁP&%c for example, see the
Patent 15 Document 1). [3] According to the CMP process, a polishing

pad is retained on a machine platen and-an object to be polished, such as

asiligorowaierrisrigiaipedqn a polishing head, and the polishing pad

nd the object to be polished, which are being pressurized, 20 are slid
2\1/ r eacit B & VRRRPAUHRVERbHERUBBSF P phedatRaéicss tatrAe which
abjectds Falished, FNERNTaROCIIMENT £223000-3346a5 ofihe JaPanese: con

P%%E Applications Laid-Open 25 DISCLOSURE OF THE INVENTION _
BROBL E/F’Té) %tﬁé\‘iét?%?@rﬁé?ﬂ%ﬂﬁémﬁmﬁ%ﬂacgé}ﬁresﬁaactsﬁmce

deviteds inckeasingly highly integrated, demand for a higher level of
flattening of an object to be polished increasingly grows. Therefore,
various 30 approaches have been so far made to satisfy such demand.
PBFESRMPIE, @DOoVEE afdVfENELOYN the surface of a polishing pad so

that slurry can be bomogensousty supplied into between the palishing ., .,

=} m i C
pad and the object to be polished or an avgrage Surface
as a silicon wafer is conventionally adopted a chemical

mechanical polishing (CMP) process (for example, see the Patent
Document 1).

[3] According to the CMP process, apolishingpad is retained
on a machine platen and an object to bé polished, such as a
siliconwafer, isretainedonapolishinghead, and thepolishing
pad and the object to be polished, which are being pressurized,
are slid over each other while slurry is continuously supplied
thereto so that the object is polished.

PATENT DOCUMENT 1: 2000-334655 of the Japanese Patent

Applications Laid~Open

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[4] As a semiconductor device is increasingly highly
integrated, demand for a higher level of flattening of an object
to be polished increasingly grows. Therefore, various
approaches have been so far made to satisfy such demand. For
example, grooves are formed on the surface of a polishing pad
so that slurry can be homogeneously supplied into between the

polishing pad and the object tobe polished or an average surface
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1 roughness Ra of the surface of a polishing pad is improved. These
approaches, however, are not as effective as expected. When a large
wafer is polished, in particular, it is not easy to achieve a higher level of

flatness averall. 5 [3] Eyrther, when a polishing pad.is used, itis.
conv%%r%ionally rallecessgl%rlﬁ i gg]n%ggné) Jgf ﬁnBr%%ﬁ‘ahp’b%ﬁir%aﬁe?f&rﬁﬁ‘ﬁ’é'e?‘@d'
toYBEgheRRKE 3aHESe Ofthie petishimgepadin asdreSsing pioecssusingacted |

disk containing.dianqnd abrasi rains,.such proces L
beingcall.edt%k-in(startug)%%gggzgi& iOJI% na?ﬁigaf:gtégg in i’/‘V%i(?hstﬁleC’JC easy
pRlishit 538 iSafddhemol aysdhishigidatoeas thespalishing device is

theh activedaasniarordepiimprovebesrpdudtivity of semicondugtor ;. ;¢

wafers, itis desirable to reduce an amount of time required for break-in.

(6] THeP&rd R H mainrSi5Ec6 e préscht FReRfortis 15Me HAFove Poshing
qeaiiiesefreseobjeet todwypelishad byimproving the flainess oEdeng pad in
%bjg%sand to reduce break-in time. MEANS FOR SOLVING THE ] _
PROBLENM 7 The Tventord 8t the prfsehPmvenfoh@cRegaRtuserpsive
shvalicrges irbperteactiaatheddlegdingeehiec nanstfaurd Ut thabtheral
improver .Qf-Cc ations on a surface of a_ polishingpad effectively led

to the im%?o%vgé%%e%%%ﬁejf%tﬁg%sc %ofte%r? o%fe%%tso & g(%%%d'ﬁnﬁttac}‘ed to
EdrRpiefEiithe presearinehtidre 18]l isé cogudeatidrsdenoth aneyeniassted .
whesesevcle s ipdadhe rapge of 1- 200 mm and whose amplitude

IS in the range of 10 pm -ézggpgrﬁ%%ﬁg%ﬁg?p% %%%SPdgﬁgc#tﬁewafers !
Prest ASRTERRIEIS aassikamarparicset 36 polishheai objééido beeak-in .
belished rReMpESIAG A BOISINAO Srfgce Plessel e B AELIpRR s

golished, wherein corrugations on the polishing surface have
© 1mprove qualities of an object to be polished by improving

the flatness of the object, and to reduce break-in time.

MEANS FOR SOLVING THE PROBLEM

[7] The inventors of the present invention tackled various
challenges in order to achieve the foregoing object, and found
out that the improvement of corrugations on a surface of a
polishingpadeffectively led to the improvement of the flatness
of an object to be polished and completed the present invention.
[8] The corrugations denote unevenness whose cycle is in
the range of 20 mm - 200 mm and whose amplitude is in the range
of 10 um -~ 200 pm. |

[9] A polishing pad according to the present invention is
a pelishing pad used for polishing an object to be polished,
comprising a polishing surface pressed onto the object to be
polished, wherein corrugations on the polishing surface have
a cycle in the range of 5 mm - 200 mm and a largest amplitude
of 40 pm or less.

[10] According to the present invention, since the
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a cycle in the range of 5 mm - 200 mm and a largest amplitude of 40 pun
or less. [10] According to the present invention, since the 2 corrugations
on the polishing surface pressed onto the object to be polished are
reduced, influences generated on the object to be polished by the

coysgatigas enibe poliskingLsurface. A lessercd s adasulidbethe object

fla

ness of the gbject to be olished can be improved. [11] A polishin ,
ol AN T A B PN S SRRRY D8A 588 RF The object
potishing ae bbigotdobe polishesk rearaprising aopolishingsiradeipressad £ace

onéf‘}éhelé’QLeé:rEé%Pe zQs?'iéhggs%"ffrei&%Zﬁiaa%‘:’fgggah%f “&EEQOJJB 0+ +o be
Sur

ace 10 measured with a use of a neutral solution is equal to or above
-5@ eV simeidess thdre 0 iy rir®dAccording to the present invention, the

mins;Zeta patential fths.polishing surface of thepglishing.pad is,dualon is

to or above -50 mV and less than 0 mV, which is closer 15 to zero than a

zefa Poteitht 29 Pactistg strmcedfis tbhFeffioRRISSTENIRY PaPoLLshed,

Thesatore sapylsiopAgainstn gbsasive particles skaluskyds condodedeaittl to be
the slurry can be smoothly applied to the poal‘i%higbg surface of
nbe

the . -
POTSHME" B KESPRARIGHE bredie P thr be FauG SRR RS A=Eace
predactivityCar be inproyesk [4 3] 4n eqarefesed embodimentwilthéo or above
present invention, an_ayerage.surface roughness Ra of the polishing
?a%lmr&a?%%o%aﬁgl t%goar’gb%v%{? p.m and equal to or below 5 lam. [14]
In drictheoreferiédgmboditient phtheepresémtyevantion, 25k@ minus zeta

t‘h’?%E%ﬂ?hﬂﬁ?Ql'a ?’ R t{{ﬁo‘i@é’%%?f%‘%ﬁ&aa%'i%@“%@%&?ﬂﬁ% pad is

olishing surtace so at suit cusnioning ]
equal to or above -50 mV and less than 0 mV, which is closer

to zero than a zeta potential of a polishing surface of a
conventional polishing pad. Therefore, repulsion against
abrasive particles of slurry is controlled, and the slurry can
be smoothly applied to the polishing surface of the polishing
pad. As a result, the break-in time can be reduced, and the
productivity can be improved.

[13] In a preferred embodiment of the present invention, an
average surface roughness Ra of the polishing surface may be
equal to or above 1 um and equal to or below 5 pm.

[14] In another preferred embodiment of the present invention,
an underground layer may be provided below a polishing layer
comprising the polishing surface so that suitable cushioning

characteristics can be provided by the underground layer.

EFFECT OF THE INVENTION

[15] According to the present invention, wherein the



characteristics can be provided by the underground layer. EFFECT OF

THE INVENTION 30 [15] According to the present invention, wherein the

3 corrugations on the polishing surface to be pressed onto the object to

be polished are reduced, the flatness of the object to be polished can be
imprggdg%gl Further, t@ﬁ minUf,z%;[a otential of the polishing 4 surface

of the PoliShing pad e cl688r BN 288 oA paRhg I8 ThE2ers phlttialrss onte the
theqhalshingsurfacewf st ednuentiondl pelishingeatiL Accerdingly, e object
repulsi ins inys ,abrasive particles of the slurry is controlled,
andygsf%%)e v%ﬁé%%%%%%ﬁrrﬁngﬁégﬁ%ﬁéhing surface of the polishing

pad Beebnisyr Heser. Ade raduinshadreakhtembicah fredueetodrdhing
the productivity can be improved. BRIEF DESCRIPTION OF THE
DRAWINGS 10 [17] Fig. 1 is a schematic sectional view of a polishing

pad. Fig. 2 is a drawing illustrating a measurement result of corrugations

on a polishing surface of a polishing pad according to a conventional
example 1 and a measurement result of corrugations on a polishing

surface of a polishing pad 5 according to a embodiment 1 of the present
invention Fig. 3 is a drawing illustrating a shape of a silicon wafer

polished by the polishing pad according to the embodiment 1. Fig. 4 is a
drawing illustrating a shape of a silicon 20 wafer polished by the polishing
pad according to the conventional example 1. Fig. 5 is an illustration of

the variation of polishing
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rates versus the number of times a polishing process IS re_peate_d in th_e
embodiment 1 and the conventional example 1. 25.F|g. 6is an illustration
of a relationship between a polishing time and frictional force in the

olishi rocess, in which the polishing pad according to the embodim_ept
! s“r%g%dg K§. 7R5aR RESFRIGT opadelatighsRipTretteerare0 poliskingng to

lis use O _ _ o
tirlecane fegtiohabfoieel iv therHolishing I ecess: i Which theolishing -« ona1

P ding to the conventional example 1 is used. Fig. 8 |s an - o
ilﬁgﬁg'ﬁgr%qc{)%tﬁg vairigilco%og POIEHg B S Rths ta8e 3¢ Rte 8t the minus

pahsififg Pan artomingsto & gmbddiment. anefme,mmar)ta;mlgeﬂtﬂrh I@%tween
ishing, ' onventional example 2, and a polishing pa

gggording%%%r%g (Eggqn{\%gﬁ%%as example ?aacf?e?rg%gﬁ-ﬁoa{lré‘ BRSPEGRgcomes

i85 SEREmathtSséctionarisw d¢thee pblisting pad ticoerding tbanetheticed, and

[ ' [ TION OF
pteferiedrmbedimnent of the pres Anyengion. DESCRIP
REFERENCE SYM?B&OLS 10 [18]%ollsh|ng pad 2 polishing surface

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION

[19] Hereinafter, peefemmedmensoadiments; obtherigseita g pyention are
d ibed in detail referring to the drawings. [20] Fig. 1 is a sectlon.al view
o@a golisgﬁ‘ﬁg pad §cRoFFRG R praRFicePembotireenedt theopiesehing pad.

inventio®ig1] & p’oﬁsbingmdi]q@cg;g@@gg@gﬁegem@ggﬁggg,qent result
et@b%q)i Igp(t%g%n be obtained when foamable resin, such as 20
ane, |

polyuret S foamed and then tifed oM FdiiRAfmg Pad nggelishing pad

according to a conventional example 1 and a measurement result
of corrugations on a polishing surface of a polishing pad
according to a embodiment 1 of the present invention

Fig. 3 is a drawing illustrating a shape of a silicon
wafer polished by the polishing pad according to the embodiment
1.

Fig. 4 is a drawing illustrating a shape of a silicon
wafer polished by the polishing pad according to the
conventional example 1.

Fig. 5 is an illustration of the variation of polishing
rates versus the number of times a polishing process is repeated
in the embodiment 1 and the conventional example 1.

Fig. 6 is an illustration of a relationship between a
polishing time and frictional force in the polishing process
in which the polishing pad according to the embodiment 1 is
used.

Fig. 7 is an illustration of a relationship between a
polishing time and frictional force in the polishing process
inwhich the polishing pad according to the conventional example
1 is used.

Fig. 8 is an illustration of the variation of polishing
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not necessarily have foamable structure and may have a non-foamable
structure. Further, a non-woven fabric pad may also be used. [22] In the
present preferred embodiment, in order to improve 25 the flatness of an

object to be polished such as a silicon wafer, the entire area of a
peliskéngrstifacmba tohlbe presead ehthn theabjeetiohe: polishes isdffednen +
$Q thatccqirugations on the polishing surface 1a are lessened [23] When

the polishing s rfea?:grl‘ra)ciétv%snl%ﬁﬁé%, glﬁaeétsﬁdg%ﬁﬁgd? Ffeding to a
EoRrugaticriala eyapmis MimaD st shet polishiny sudaceilaris to the
tesucerlio .40 prLapless, The Jargest amplitude Is preferably as small

as possible. [24] The mEDethod of _recﬁjiging ie coﬁ%gaaﬁgnél on the polishing

6 surfades not Iirfitddtehepaftihg sroetssnnd tve polisting sofacdinay pad

BQ@HQQ}% D%S%&%ﬁwe%&e&@@f%@&{&&%@e% Of;HEe resent
f;<)nresent invention are described. 5 EMBODIMENT | In a embodment% of

’nevﬁﬁa%jeﬂilihvention and a conventional example, an MH-type polishing
pad manufactured by Nitta Haas Incorporated, which is a foamable

urethane pad haggg éﬁl?g%’%%x]}%%? ?ﬁ%i%%e%%?ﬁ sg}i;%ble for 10

olishing silicon, was Usé&d.: a
&dsurément result 3fcogrugations on a polishing surface of a polishing
pad acgording %g}esgmbodimelgl 1C¥vhich was buffed by sand paper of

count #240, and a measurement resdlt of corrugations on a 15 polishing

surface of a polishing pad according to the conventional example 1 which
wassh@piiely EMBODIMENTS FOR CARRYING OUT THE INVENTION

[19] Hereinafter, preferred embodiments of the present
invention are described in detail referring to the drawings.
[20] Fig. 1 is a sectional view of a polishing pad according
to a preferred embodiment of the present invention.

[21] A polishing pad 1 according to the present preferred
embodiment can be obtained when foamable resin, such as
polyurethane, is foamed and then cured. The polishing pad may
not necessarily have foamable structure and may have a
non-foamable structure. Further, a non-woven fabric pad may
also be used.

[22] In the present preferred embodiment, in order to improve
the flatness of an object to be polished such as a silicon wafer,
the entire area of a polishing surface la to be pressed onto
the object to be polished is buffed so that corrugations on
the polishing surface la are lessened

[23] When the polishing surface la is thus buffed, a largest
amplitude of the corrugations in a cycle of 5 mm - 20 mm on
the polishing surface la is reduced to be 40 um or less. The
largest amplitude is preferably as small as possible.

[24] The method of reducing the corrugations on the polishing
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[27] In the drawing, a horizontal axis denotes positions on the polishing
surface of the polishing pad, and Line L1 denotes the embodiment 1 and
Line L2 denotes the conventional example 20 1. The corrugations on the
%c‘)llilsgin sgr_face etire m aguged b% a_measurement device HSS-1700

W v v
manufactured by Hitadht Z88erC Cofporatidt? BEARTRE ke JftRePolishing
polishireepad Bcberdinigl tosth eo copventiondl example 1, the surface of

bieh wagDaLRyfled.. o St lag s D asilustiated i bihe 2, hg o
polishing surface has many corrugations, an e farges? amplitude
theresTtégeectise4Gipas i eedtrast, the polishing pad according to the
efmbodirnerirl shows a modest rise as illustrated in Line 1, and it is learnt

that the polishing surface has fewer 30 corrugations, and the largest
amplitud&is fed GERPH-BEAD pPm 6Flesh 2 IPESEEBthe PYRSHIHPpadsnd &

aesordingiterthe embagiment .1 ang-the-conventional gxample fwasdised req
E%rpglishh both surfaces 7 of a silicon wafer of 300 mm under the following
Conditichg, ARTINEIERRBF GRS sittortRafet ahdF 2 PofisHifgHaRthaRre pad
dwaliated. f30kHiersugnbernf setationefan uppeimBachine plaleavase for
50293.! m, the Qyﬂbgr of rotations of a lower machine platen was 15 rpm,
gn app |e3%ressure was 1657 ER2%silica slurry at 25G was used, and a
V8kimetriEfiow &f the sluinyawas@.5 L1 amin g 8inkaklenk shawetien@GBid sult

BELEn Sl SR AOL Lt SRR, o
AERES avEmdd & b dbtadred I wlpblibhing testf6E five lsjlicoand paper
wefelSunt #240, and a measurement result of corrugations on a
polishing surface of a polishing pad according to the
conventional example 1 which was not buffed.

[27] In the drawing, a horizontal axis denotes positions on
the polishing surface of the polishing pad, and Line L1 denotes
the embodiment 1 and Line L2 denotes the conventional example
1. The corrugations on the polishing surface were measured
by a measurement device HSS-1700 manufactured by Hitachi Zosen
Corporation.

[28] In the case of the polishing pad according to the
conventional example 1, the surface of which was not buffed,
a sharp rise is shown as illustrated in Line 2, the polishing
surfacehasmany corrugations, and the largest amplitude thereof
exceeds 40 pm. In contrast, the polishing pad according to
the embodiment 1 shows a modest rise as illustrated in Line
1, and it is learnt that the polishing surface has fewer
corrugations, and the largest amplitude is reduced to be 40
pm or less.

[29] Each of the polishing pads according to the embodiment

1 and the conventional example 1 was used to polishboth surfaces
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are shown. [32] Table 1 comren emLod_ment 1 example 1 G81R 0.207

0.349 SFQR 0.100 0. 152 Roll-off 0.100 0.23 Removal rate 0.46 0.39 15

As shown in Table 1, the flatness represented by the GBIR and SFQR of

thfe silico%,vvafers paolished bg/ the polishing pad according to the o

BmBodifeht I WiE THproved i cBmEEsR thhfaf adtievedsy frenditions,

potishing Had according théhe CONeRtiGadleexample bandthedgl:ofte were

g@gfl&ggggs:hing rate were also 20 improved. [33] Figs. 3 and 4

respectively illustrate a shape of the silicon wafer polished by the

b¥lishingHeelsravtording to te temibedinfeat] wpgershapmatibersilicon was

fer polished polishi ds according to the conventional,

e e S S A L 0eBE B Pracen was

e d@Ming HedRR L hirtiPRas THARONMET RO200 Tavharrfdctoredsiyurry at

FRGRA Brecision]ndusies id 8 (3514 can e copfimed Al g, 2 5 1,

/central portion, rather than a peripheral portion, of the silicon wafer was

pdidfled by the polishing pad according to the conventional example | as

[tustrated ib Eig. 4 swbile the entise suifaceof thessiligon pwafervas.) | sror

Qé)mtogeneouslg polished by the polishing pad according to the =~
HBGATH 1 HE TR s PARRTR BifeB IBE] Acdes@he R ihdPtheshing rate

polshengiadsaechrding do iheagmbodimenisl capable ebBueingtBeverage
é%i%g@ngg%££ggé in a pelishing test for five silicon wafers
are shown.

[32] Takble 1

embodiment 1 Ciiiﬁgﬁi?ﬁél
GBIR 0.207 0.349
SFQR 0.100 0.152
Roll-off 0. 100 0.23
Removal rate 0.46 0. 39

As shown in Table 1, the flatness represented by the GBIR
and SFQR of the silicon wafers polished by the polishing pad
according to the embodiment 1 was improved in comparison to
that achievedby the polishing pad according to the conventional
example 1, and the roll off and the polishing rate were also
improved.

[33] Figs. 3 and 4 respectively illustrate a shape of the
silicon wafer polished by the polishing pads according to the
embodiment 1 and a shape of the silicon wafer polished by the
polishing pads according to the conventional example 1.

[34] The silicon wafers were measured by a laser measuring
device, which was NANOMETRO 200TT manufactured by KURODA

Precision Industries Ltd.
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polishing surface is used, the flatness of the silicon wafer 10 can be
improved, and the roll off and the polishing rate can also be improved.
[37] Fig. 5 is an illustration of the variation of the polishing rates versus
zrl%riumber of times a polishing process is repeated in the embodiment 1

he cORVERToNEI SXARIFI@SEs 4h B TPRIoNSRiIRPREE Obtherather than
pobishingipatacearsingio, tbe emboginenbd waskent/ghwith sability. e
8I‘3L1ith.§ .fgst roaggdé)géhe ollshlr;:g process, while the polishing rate of
€ polishirty pad actording 8 Ihe ConvBRtiSHRI PR EaST0TRMe 1 as
fréfthbrseoed diroltid of sheviolishinth preeessr B Astisdeantt fro@ i1 icon
& i necessary_far the polishing rate to be increased and
&%“n%lg\?}e%g{ c??gfé\%%c%gi%sgéﬁg%a%/%a ed8 grggkgiﬁ ?i?nles,}&éﬁ%g?gdﬁgg&r ding
&Ad Hre soNsRmRkEeRE can de inptoved-mtise potishiing pad according 25
@ tie embodin TpNele {sopt olishing pad according .to the
Eo%entional exi?nt:&ﬁg Ar%?%gsEg%r%g%%eéglé%%va?ﬁuaé?r%?er %zéng to the
2666 FricioransRErerfive 854 polishindtme frthegrotisbing pad the
pocarsing.o herembadimeptland e variation of te-30ifrclonal frge, . ro
relative to the polishing time in the polishing pad according to the
2BRVERGTE &R Thle T T4 HPR i€ Rdde Sy 38CthEHACRSHal foréago bate can
zhastave inmpadertebtain a constant polishing rate. It takes 60 seconds
tP]' the gonstargt frictional force to be obtained in the polishing pad

g‘:f:cording 1§ theenSodfent . WTEBPEeBhdsiRe Necesaadan tRE the
polishihgpad atesrding to thelvomentienad examele & BeandeilgdBrocess

i@egeggga@g&tqenskq{gjpe;[rixglgdiment 1 and the conventional example
1.

[38] The polishing rate of the polishing pad according to
the embodiment 1 was kept high with stab:i.lity from the first
round of the polishing process, while the polishing rate of
the polishing pad according to the conventional example 1 was
stable from the second round of the polishing process.

[39] As is learnt from Fig. 5, an amount of time necessary
for the polishing rate to be increased and then leveled off,
which is generally called break-in time, can be reduced, and
thepolishingrate canbe improvedin the polishingpadaccording
to the embodiment 1 in comparison to the polishing pad according
to the conventional example 1.

[40] Figs. 6 and 7 respectively illustrate the variation of
frictional force relative to a polishing time in the polishing
pad according to the embodiment 1 and the variation of the
frictional force relative to the polishing time in the polishing
rpad according to the conventional example 1.

[41] It is necessary for the frictional force to be constant

inorder toobtainaconstant polishing rate. Ittakes60 seconds



20

.. of the polishing process in the polishing pad according to the

embodiment | is shorter than that in the polishing pad according to the
conventional example 1. [42] Table 2 is measurement results showing

values of an average surface roughness Ra of the polishing surfaces of
ttf@rie%mﬁ@?p@@ga@eamn@ﬁoﬁhemma@ea&aﬁdm_the polishing
C L I S .a real-time scan rtase[ icroscope
V1D oo by fasoiag CAPEE Thble S towé Hbastietite =

r&SR AN S frEhe filve bowits he tive Fegfiureoftbng nix 4hpnu@andentional
respagiive average valdesdhereof, 15.{431 Jable 2 @M%E:agtenseu r;aé:airfgg time

ro¥ggﬂess embodiment conventional Ra(um) 1 example | sample
1

79 “S8niie ST 2N RIS RS mple Shegeel ehsanied 2421480y to the

semipiel SR A4 11190 Aver 251th 68 Ardlusiiatedind: ﬁ@&%ﬁ#%\éﬁ&%ming
surface rou hness Ra Qflthe polishing surface according to the ‘
emboﬁ?ne%%ﬁvﬁﬁi% OWAS 18RS farger than that of the conventional

exiple TaPheretores theshreakendime peeessary fonHR RYISHINIIEEE of an

| hen leveled off be reduced in comparison to _
@%%ﬁ%gﬁg%ﬁﬁﬁ eg‘fré%s esc?iboe%a%qéﬁié?ﬂhﬁfﬁmﬁﬁﬁﬁﬁﬁefﬁ the

PRy BB ishrRfsad avaspuskichin thecembindimentioanddhe 1 and  the
WHQ@%@@@%i@afmp@ngghz ﬂ:%;l gnqce]éaol-time scan laser

microscope 1LM21D manufactured by Lazertec Co., Ltd. Table
2 shows measurement results obtained from five points in the

region of 45 um X 45 um, and respective average values thereof.

[43] Table 2

average surface embodiment|conventional
roRuagFur}ne)ss 1 example |
sample 1 2. 87 179
sample 2 2.94 1.68
sample 3 1,86 1. 49
sample 4 2. 42 1.50
sample 5 2.44 1.92
Ave. 2. 51 1.68

As illustrated in Table 2, the average surface roughness
Ra of the polishing surface according to the embodiment 1 which
was buffed is laiger than that of the conventional example 1.
Therefore, the break-in time necessary for the polishing rate
tobe increased and then leveled off can be reduced in comparison
to the conventional example 1 as described earlier.,
[44] EMBODIMENT 2

An MH-type polishing pad was used in the embodiment 1

and the conventional example 1. In a embodiment 2 (2-1 and

10
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2-2) and a conventional example 2, an IC-type polishing pad, which is a
foamable urethane pad having relatively small foaming diameters
manufactured by Nitta Haas incorporated, was used. [45] For the

mpodiment 2, a embodiment 2-1 in which a 5 polishing surface of the
e VAR BT BYPAand boRtr SECou S EGbAnc 470 Pd
wmiyduirsen £ 2 Rriabilkichr ¢ e podishiddhsuriace nasduffedlyy sand padpeming

%&8&@5&%&2&9&5@%#&8%\%%eﬁ%oﬁfs]gsaag& %@a%oe{&?ak?%toused.

the _conventional example 2 in which the polishing surface was not
ihfted. 4BPI schanmebsifdie s the foregSing edimihedt k was  which a

niigned thatibe corrygatigns %ﬂ)&?g” Ing syrfaces-ak the polishirg,
%ﬁds acco%'ing to the embodiments 2- an%az-z werggig\a/ver, and the < by

$27E sPaRphitutEs Srere aldd R rRd B Brbe2epRPér Rsd i which the
EOMPIses dhealishingmadraceording e theronventionahexample 2iner

accord 0 measurement results obtained by the measurement device

ing t
%-1# thaf ARG URETRAERfichi FerrEBhorafien. FPARHER VakRs the
aftheavemgelswiace- oy ghaessRocef the: 2-polishingswiacessaf Has not
9, ' ging pads according to the embodiments 2-1 and 2-2 and the
‘conventional example 2 were measured by the real-time scan laser
Irietoscope 42t rmainuiactured hheaZerteg €ond tenpis] tablec3 it was

é@&%’ﬁ:ﬁ%&&'ﬁﬁéEh%ﬂ%e%%“z.f%@gé‘% 0 a0lE 3.p,20 é@%@gﬁ‘%@i@%@%aces of
results obtained from five points in the region of 18 pm x 18 pm and
aspectivesdviarag b ydRiesthersbinge sholre EIfaoftasktdaderhgand 2-2
wiracegaoventional rughness ambadiment dliembeodiment 2 emelga o
b2e 40 pym or less in comparison to the polishing pad according
to the conventional example 2, according tomeasurement results
obtained by the measurement device HSS-1700 manufactured by
Hitachi Zosen Corporation.

[47] Then, values of the average surface roughness Ra of the
polishing surfaces of the polishing pads according to the
embodiments 2-1 and 2-2 and the conventional example 2 were
measured by the real-time scan laser microscope 1IMZ21D
manufactured by Lazertec Co., Ltd.

[48] Table 3 shows results of the measurement. In Table 3,
the measurement results obtained from five points in the region

of 18 umX 18 um and respective average values thereof are shown.
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Ra(um) samplel 1.75 1.25 C.45 sampl e2 2. 62 1. 64 0. 53 sample3 2.70'
0.990.61 sample4 1. 77 1.81 0. 671 samples 1.75 1.10 G.63 i Ave.
2.12 1.36 0.58 As illustrated in Table 3, the average surface roughness
Ra is increased on the polishing surfaces which were buffed according to
the embodiments 2-1 and 2-2 in comparison to the 5 polishing surface
according to the conventional example 2. Therefore, the reduction of the
break-in time necessary for the polishing rate to be increased and then
I¢welbd aftbae bz expected. [50] In order to reduce the break-in time, the
average surface 10 roughness Ra of the Dolishinq surfaca is preferably
equal to or abomeatepnn,tand more preferably 1 Ihe avesage
surface roughneﬁ%%ha F@iﬂﬁ“e\r/\ith?cﬂ "ﬁ'&rﬁ? é'%elﬁlﬁ if %re gesmetation of
scratches, is net stHiable: [5H-Next—zetapotentiats-of-thepotshimng
surfaces of the_15@8li<ding jpads accolrdfﬁ t0 the enibtiiments 2-1atf
2-2 and the conventiphal example 2, ahdihe zeta potefdipl of the 0. 53
polishing surfaceé of the ponishing pad ac%xrdlng to th@e ggnventlonalo 63

s fho Dﬁ PARTR VYIS T~ - = V- R TP

example 2 aft -Hie-pFeak-Hwwere-ReaStt Lly & I_CLa pU Cllllal I }JOU ng]f;'
diameter measurlrﬁjl%m ELS-72 manUfactured v oBlOTSUKA

ELECTRONICS C&QunpiZ®. according to. te laser Dofpler, method 0. 63
(dynamic / ca apnorefic IgNtiaifusion rgeyg )d) In Whlcp 315 mMofa gy sg
neutral Nacl selvent-was-used-{52}Fable-4-shews-atrestitof-the

measurement. 12
As illustrated in Table 3, the average surface roughness

Ra is increased on the polishing surfaces which were buffed
according to the embodiments 2-1 and 2-2 in comparison to the
5 polishing surface according to the conventional example 2.
Therefore, the reduction of the break-in time necessary for the
polishing rate to be increased and then leveled off can be
expected.
[50] 1In order to reduce the break-in time, the average surface
10 roughness Ra of the polishing surface is preferably equal to
or above 1 pm, and more preferably 1 pym - 5 pm. The average
surface roughness more than 5 pm, which may result in the
generation of scratches, is not suitable.
[51] Next, zeta potentials of the polishing surfaces of the
15 polishing pads according to the embodiments 2-1 and 2-2 and the
conventional example 2, and the zeta potential of the polishing
surface of the polishing pad according to the conventional
example 2 after the break-in were measured by a zeta potential
/ particle diameter measuring system ELS8-Z2 manufactured by
20 OTSUKA ELECTRONICS CO., LTD. according to the laser Doppler
method (dynamic / cataphoretic light diffusion method) in which
10 mM of a neutral Nacl solvent was used.

[52] Table 4 shows a result of the measurement.

12
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[53] Table 4 embodiment embodiment conventional onventionei zeta
potential example skin ted M V) 2-1 2-2 example 2 to break in sampl.el
9.16 10.57 130.75 -32.59 sample2 -10.32 -13.26 -127.37 -32.25 sample3
j -1.3.30.-141.35 -33.83 Ave. -9. 18 -12.38 -133.16 -32.89 As shown

in Table 4?%%%94(9 values of the zeta potentials of the polishing surfaces
of-the-polishing.pads accarding to_the embodiments 2-1 and 2-2 were

).mm\gmagmiéJfZ.SSdedﬁenespeetiMellyqewhiﬂecamvaMem & valu‘é’p‘fﬁ%%’ﬁlc tod

eta potentials of the pokishing surface of the|pdiidii§ pad %’é%"%’séhagauein
he copg/ygpr]uqnal SYampfE Zway =133 16 mv ”Lug;rovtﬁ rvalues Oq‘ﬁé\(l&%

flom-the ombodimehts 271 ahd 2.2 were dloser to \/~comparing
converftidhatexample 21th $84] As descibed | the haihus zeta potenfidlSof
the polishing.ssurfaces ofthg polishingspags accargdingse the -33. 83
mbodiments—2=1and2-2-yyere closer tg O mv-imcomparsonmtoth
mpnanﬁf?ﬁl of the Ir\nli_cgni}wu sutface ﬁ*‘i e Pwn\/BtI}i;nri)éil e amlnlp- 2. 89
Thereforg st Lepuisionagainst theJninys gomzive particles 1a.of NS or i1 s
slurry is controlled, and a fit between the slurry and the polishing surface
P h&RRIRRMG ST BesymEa tRtte? L ABDS RSHE I PetlRaidA iRTFerding to
braak-inine GAoRe expactad.a[5h] Thgvaluespblaingd fromythe 12 38 my,
embodiments 2-1 and 2-2 were closer to zero than -32. 89 mV which was
thE FREC HOERtEI 20 Byt PG v ANIE T ¥ PRkMinG Suifhte BFfFR Potentials
pefiskirg ot sRceIiRg 1@ tha conventiopal example 2 subiectedtding to the
break-in. Thisagsmonstrates that it is unnecessary in the embodiments

SRS > W FerBRATRICR bfeakdn as S requiredth theThus,  the values

obtained from the embodiments 2-1 and 2-2 were closer to 0 mV

N

~—+

comparing to the conventional example 2.

[54] As described, the minus zetapotentials of the polishing
surfaces of the polishing pads according to the embodiments
2-land2-2werecloser to OmVin comparison to the zetapotential
of the polishing surface in the conventional example 2.
Therefore, the repulsion against the minus abrasive particles
of the slurry is controlled, and a fit between the slurry and
the polishing surface of the polishing pad becomes better. As
a result, the reduction in the break-in time can be expected.
[55] The values obtained from the embodiments 2-1 and 2-2
were closer to zero than -32.89 mV which was the zeta potential
average value of the polishing surface of the polishing pad
according to the conventional example 2 subjected to break-in.
This demonstrates that it is unnecessary in the embodiments
2-1 and 2-2 to perform such break-in as is required in the
conventional technology.

[56] In order to reduce the break-in time, the zeta potential
of the polishing surface of the polishing pad is preferably
equal to or above ~50 mV and less than 0 mV.
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conventional technology. 25 [56] In order to reduce the break-in time, the

zeta potential of the polishing surface of the polishing pad is preferably

eqgual to or above -50 mV and less than 0 mV. 13 [57] Next, a silicon wafer

with an 8-inch TEOS film attached thereto was polished by the polishing

g&add accataily te the lémbodiatat 2 Hndthd comeantiFaseRample 2tached

andithedRolishin oaad_:ﬁgeprg_ipgt&?etg?@%ryﬁgﬂ@@i%@@é%éé&?i@&t%do the

to 5 break-in under the following conditions, and thé polishin g. rates

{FERAT BItAM WS ShfuBRRY SSEITRE AURAERRE Fofafioss Withieo lishing

WRRET MAckieg piaten was S0Jpavdhe tuimber girotalians of thedowelk oy to
ﬁa%%gg platen was 41 rpm, the applied pressure was 48 kPa, slurry
BREE P MaRG R ATEd by Kihe AaBS M PSiaRaWaR Red Takd- e =a tes

wiemeltc dowalibe shepewasd0Q4akd min. The silicon wafer was
e RS A e dpolsg v e

implementéd with a 30-Second dressing

thieretratwetine 15uib5E Fige Bsrshoatsianesultofithe pbliskingrpsacesse [BQkten
thepolishing pad according,to the embodiment 21, shown by A, th =
polishing rate is highellggr?dllg%vle%aeoﬁ‘%égngraﬁ] cé)gm%?;?s’onst%ﬁﬁgy T1p3225
PRk S ad et chbitlingitotthe Banverftivrat roasipiel2 shown g, and the

Feithek the pokshipgnad gecqrding. 20 fa the gmbodiment2:1 Was o <i1icon

substantially the same as the polishing pad according to the conventiona

EREFPIF2SEGRERPS Ineakirsendpy end tbhas Ol asestehm@prité shing
aae stabliycda1lIn ahecnards dhgiembodimentee:d iy Wiieh break-I- ce s s

was omitted demonstrates the characteristics similar to those 25 of the

CBh RGP eXRAPRPS EBRRted to break-in. Therefore,

[59] Fig. 8s shows a result of the polishing process.
[60] In the polishing pad according to the embodiment 2-1
shown by &, the polishing rate is higher and leveled off sooner
in comparison to the polishing pad according to the conventional
example 2 shown by @. Further, the polishing pad according
to the embodiment 2-1 was substantially the same as thepolishing
pad according to the conventional example 2 subjected to
break-in shown by [l in terms of a polishing rate and stability.
[61] In other words, the embodiment 2-1 in which break-in
was omitted demonstrates the characteristics similar to those
of the conventional example 2 subjected tobreak-in. Therefore,
it can be learnt that such break-in as is required in the
conventional example 2 is unnecessary for the polishing pad
according to the embodiment 2-1.

[62] The flatness of the silicon wafers which were polished
by the polishing pads according to the embodiments 2-1 and 2-2
and the conventional example 2 was evaluated in a manner similar
to the embodiment 1. As a result, the silicon wafers polished

by the polishing pads according to the embodiments 2~1 and 2-2

14



it can be learnt that such break-in as is required in the conventional

example 2 is unnecessary for the polishing pad according to the

embodiment 2-1. [62] The flatness of the silicon wafers which were

polished 30 by the polishing pads according to the embodiments 2-1 and
w5.5h o R@ tRF BEH Vet oHaPERAMBIRE? FREFe\Ridhted PRa FRPREE SMfifaR Gothe

fbeemekedimeshlvdsadgstlt, the silisar waferspelishedk bbhene silicon
“E%lieshin%p ds according to the embodiments 2-1 and 2-2 14 with no

Sie3k-inRRoweihe BBIREN SPOR F8pRSenBigthe Fafelitthicke the

awere=edtialia Dr oetiep karvtheae Pidegilieen wadaxpalished by the
lishing pad according to the conventional example 2 subjected to ‘

[E(r%ejak-in%g [gﬁefn %reegsezfé:r?’gd g%%%f‘rhngﬁtgsdeggﬁ)%ﬁlsgoéér,?ﬁe tar, the
Pediishirgngaddrhd asiagie-tayke sfrageres howevsrrmayhaverar , may have
myltilayer %tg@rgg@gggn toun layer 2, which is _made up of a :
anon-wove?\%}cloth impregnate \f'\%%% ujfestjslrz;l%eaor(:“rsbv”c‘ﬁ:"tu?ogélm,a sa Icé)J\/K/e‘r\JPa:S/%Ir1 8
MESIFH IR SE PRI iy 90 TOINBUOSTRIND AR PEIGABHITY: [64EEhapresentsof t
f@yﬁon%Isauaeé%whg%?esﬁnygo&qliqguﬂéaégrdsw 9&/@8"5@ wafer,

is polished. 15 LLOYD WISE WHAT IS CLAIMED IS: 1. A polishing pad

for polishing an object to be polished, comprising a polishing surface

Ipressed oato fiepohjesktorherpolished, wherein corrugations on the
hing surface have a cycle in the range of 5 mm - 200 mm and a

[E§328ta 6mﬁagsspiobﬂy8ﬂ8§gp is useful when a semiconductor

wafer, such as a silicon wafer, is polished.
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2. A polishing pad for polishing an object to be polished, comprising a

polishing surface pressed onto the object to be polished, wherein a zeta

potential of the polishing surface measured with a use a neutral solution

is equal to or above -50 mV and less than 0 mV. 3. The polishing pad asL.OYD WISE
claimed in Claim 1, wherein a zeta potential of the polishing surface

measured with a use a neutral solution is equal to or above -50 mV and

less than O mV. 4. The polishing pad as claimed in any of Claims 1

thresgh Bswieraimsm average surface roughness Ra of the polishing

su]rLface isAe uz_aLI to.or above dl}am an _eqijal to or below 5 pm.

polishing pall &S AR Reshy oF BIRMAS THRDRA 2 WkS eiﬁog;?-l‘;h%OliShed’
undemgrolsdrigyer isptdvibeddalonta pelighing tayér ceamprisiagdheiect to be
pqg&ﬁ@&&%&?“ﬁ%&§ein corrugations on the polishing surface have
a cycle in the range of 5 mm -~ 200 mm and a largest amplitude
of 40 pum or less.
2. A polishing pad for polishing an object to
be polished, comprising a polishing surface pressed onto the
cbject to be polished, wherein a zeta potentia’l of the polishing
surface measured with a use a neutral solution is equal to or
above ~50 mV and less than 0 mV.
3. The polishing pad as claimed in Claim 1,
wherein
a zeta potential of the polishing surface measured with
a use a neutral solution is equal to or above -50 mV and less
than 0 mV.
4. The polishing pad as claimed in any of Claims 1 through
3, wherein
an average surface roughness Ra of the polishing surface
is equal to or above 1 um and equal to or below 5 um.
5. The polishing pad as claimed in any of Claims 1 through
4, wherein
an underground layer is provided below a polishing layer

comprising the polishing surface.
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