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*159159* éPECIFICATICN POLI SHI NG PAD 11111111 Ilii

11111 2111221 21121 22122 liii 111l *000002* 5 FIELD OF
THE | NVENTI ON [ 1] The present invention—Fe%ateg”Tifﬂﬂ-’ﬁfrﬂ

2L LT, L 0 5L 0

manuf acturing process of a sem conductor devi o Qo
the like. 10 BACK (%i;% ILNVENTION [2] As d
process for flatteni G uct or wafer _such as

a silicon wafer is conventionally adopted a chem ca
e ot ent 55 docosia syl 5 corar ng o t rAIGHAIIIINL

process, a polishing pad is retained on a machi ne =goooo2*

dg aten _and an object to be polished, such as a
FIELD OFoTHEf @NVENTIONt aj ned on a pol i shing head,

[l]an_dt Bﬁ@%ééélérw in%%tégg :I:%fag%ﬁ et%t at ogie.'sﬂgklbggﬁ’which
~ which ar'e being pressuri zed, are slid over C
1s pieEoRpdld sHing §niobjeohtticnbersilyi sheshl Fedh aderstloicon

t hat _t ] I S_polished. PATENT . 1 .
waf%%(f)o?gs%@%@?g?ﬁérﬁ%%fnreosceeslf’atoéér?ta s E%'ﬁoc% ulcc':{osr device
or thedi®sen 25 DI SCLOSURE OF THE | NVENTI ON PROBLEM TO BE

SCOLVED BY THE | NVENTION [4] As a sem conductor device
is increasingly highly integrated, demand for a

BACRGBbONDI evelrnef riivaitreoikng of an object to be
[ ]polished i ncreasingly grows. Therefore, various 30
2l apprdachesoress besrf ot teningdesemisandusfos gafer such

as AeMBPYi cFR" wa®eapl &, c9599M€§oﬁ‘£El{r°r r&ﬁﬁa&fh the chemical
a sLurr

surface of a polishing pad so t y can be
mechapbgahdnisishing (FMRUprace sbetfiqreaxanplepdesbhadPatant
Doc@fldntheyobject to be polished or an average surface

[3] According to the CMP process, apolishingpad is retained
on a machine platen and an object to be polished, such as a
siliconwafer, is retainedon apoiishing head, 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
i nproved. These approaches, however, are not as
effective as expected. Wen a large wafer is
pol i shed, in particular, it is not easy to achieve a
hi gher | evel of flatness overall. 5 [5] Further, when
a polishing pad is 'used, it is conventionally
cessary, neans_of iJrprovi.n oshing, . _ .
roliness e ed ther sttare (Ho SRTHCAN R jof imEgyed-
Thepsd approactieesShoge peHCATR HBEILNYs se fif Skt Coatad ixtRcted.
Whdia nd abrag%ve grains, such process being called
Bt Bak2F RS (BLRT 35) PPAL TRy AP PRI TR T it 4F REBFRSY
to idthateiveh af e ghelr 388 Badriatabt3chedrh@1.a polishing
device and the polishing device is then activated. In
[5]or deFugghempr ovgeﬂhea prRfkicth g y RiFd serff cotRRREL orit is
; ity Ifdesiabledaqr .Qf_ t] ; '
ol s Y, TR T Yo Therer o, MRty mhing
pexfionmanqer,esentroughent the seridce oof npgrowe pshing aadfin

jec ol i shed,.by i r,oVv.i_n the fl ss of
a FeREThrblE RELLSTE it AU i (il M Sl ve
gra8@lsVI NEHHE- BREOBLENh § ¢h 1 Thd hireadkitior 6s birtie) phesedral ,
. _inventjon, tackled various. 20 ¢hall.enges .in order to
in BB RL b T e S 0! - oh e Polndn SdBad, e FHEfobRa to
a pbIPsRYRGRIEvife 8RAIEIEAHLDNSh QR AiSHIdAGe Phed activated.

pol.i shing pad effectively led to the inprovenent of
In prdef|tp gESEOVEr they RAGWET VS tHeChotgReNdngtor wafers,

it £o805 81801 RS JURIY U LAYEM betimd b DBe §@LRUGAL 410NN |

denot e unevenness whose cycle is in 25 the range of 20
[6]m - Thegefinrandavihate chifdt ke the prasrnt dmpeenbionois

to Eﬂg!révgo quQiésg]oanR%ﬂ {'cl:fpg:'o Ba gfggfx%!ir%tﬁnﬁ;@vlng
present rnvention s a I shing d used f
thepdlliaghiesg afi ¢hieeobjeotbeapdl kshedduceobpeiaki-ig fime.
polishing surface pressed onto the object to be 30
pol i shed, wherein corrugations on the polishing
MEANSr FaRe sbaveNGa TEEC PROBDEMhe range of 5 mm - 200 nmm
and | argest,_anplitude of 40 | am or .| ess. .
[7] e Snt AP G thie 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 tobe 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 pm - 200 pm.
[9] A polishing' pad according to the present invention is
a polishing pad used for polishing an object to be polished,
comprising a polishing surface pressed onto the object to be
polished, wherein corrugationé 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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[10] According to' the present invention, since the 2
corrugations on the polishing surface pressed onto the
object to be polished are reduced, influences of the
corrugations on the polishing surface exerted on the
object to be polished are |essened. As a result, the
flatness of the object to be polished 5 can be

cods W Wels LANRLLRALRILOG NALACEOLALND LOcLihe object

to pelpcslnstgacarar@bj:edmcécb bmfp.@lermlwdg:f tloemrqxsrmialons on

n r resse t he. obj ect
end 8ol SRh s e BSEFES st Liei IS FReop e S are
1ess~,|emfea1ce A4Q d&swllathd 618€nabe\oE-tHk sljasd 4£B6 pdlashed
ng% _12% According to the present invention, the m nus
cany P¥fi-al of the polishing surface of the
[11pol | ﬁ%@glé)ﬁﬁnd; Spaﬁﬂlé@'corhgn r 8PV pralk ik and,d:fiSion is

than O nV, whi is closer fo zero 'than a zeta
a Pﬁétléhtlpalp?eﬁi lasepﬁnlfuoshpgglsmflac@n o?blae%‘@rﬁﬁerhs Hediished,

comBQ' in'gng ;pn?fl }H@x{/gugf%'ce ?BP%§58”O§ 8' &t Vs be
partlcles ) urry 1s cont et ween
Pollllsbesll,uwhyreandat:hetzpqiqtsinfngalsmff abe @folimséuprg isstrifiagre
ad _becones better a result, the pregk-in tine
@ ge%reauc °V§na°t§§ ? gﬁﬁ?l ??9 ? 9be i npr oved.
[1220 [Aabotalﬂgptef&m&e@n@ﬁ@wﬂlﬁﬁuenﬁldﬁw Presfihus zeta
nven |ont an e surface roughness Ra of the
P°tﬁ8|t|1§ i g “RE R P farfuaf ths BPLaBByvRI P & RfuaL

to 8fUalodd -B0 Jaelmietysnth&ﬁ% o\, HRQIIRCE sPEEbEEECEL zerxo
enbodi mrent of the present i nvention, an under gr ound

thapgy @ trapoben piolitfed wwﬂwqaéﬁrgmqsgof gy Gonventional
pol‘igﬂ'@ﬁbs' Bgdt he pald NG Su@e@%@.sﬁ% gaﬁlﬂé@bla%rasa.ve

cushi oni ng characteri stics can provi ded b
ParghgépgrafuAdurayers copEFetedyr amEalﬁ\NENﬁt@ﬁemsl}e slurry

and/'\gl{:é)%@'lqgshtlggt Q@rﬁégg %l}t tﬂﬁgx.% 'n bgae%ég&neg%e ter.
corrougationson t olis SUrrace to be presse
As @ntoeshit, omh@ctbt@albarpoltu.mlaecbaar ebe ececthed heand the

nes of th ect

‘produc£1v1 can geo hproved

[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 pm and equal to or below 5 pum.

[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, since the
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 improved.

[16] Further, the minus zeta potential of the polishing
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to be polished can be inproved. [16] Further, the

m nus zeta potential of the polishing 3 surface of

the polishing pad is closer to zero conparing to the

zeta potential of the polishing surface of the

conventional polishing pad. Accordingly, the

repul sion agai nst the mnus abrasive particles of the

rryds,controlled, and a fit between 5 the slurr

s be' TR BRRshE B f HetSh It ey raraakieare
thdeétapotdmtd anesfiithe gdld dirieakshAf Ataw £ Ahehsomasthicieshal

and . the productivity.can be inproved. BRI EF .
o AR BECTEE DA NAS P 5 (OR8¢ the minus
abrHHieERd £ 5E0d 4 6P dhe\W1RWrY i acpAkirshiled, Ratl a £fhithe tween
is. a dramﬁ&g illustrating a nmeasurenent result of
#h%ﬁ%?ﬁﬁ%?PG %ﬁP%%ﬁﬁﬂﬁ%ﬁﬁ?Eﬁ%%Pfé&?RﬁléﬁBbPQQWQRfiﬁﬁFs

betA&zOr dAB0al fe uLLNVAIY ik XA b reduced, and
measur enent resul of corrugations on a polishing

thes prriogye téividypstains bengmpadveds according to a
enbodi nrent 1 of the present invention Fig. 3 is a
drawing illustrating a shape of a silicon wafer
pol i shed bBRIRE PBSCRIFPTILON QF dCHDIDRMNGINGSt he

mbodiment. 1. Fig. 4 is a,drawing.illustrating, a
(178 habd961 L 457 ST SaFEROBERI Thedl Ty 2 ReL poPreRiRad:
padrFagcopdifga dfawirey CQARMHYE KT £0edgEerdmertt reSult

is an illustration of_ the variation of polishing.
of CATFUIAHAIGRS 1M huRDEYSIHING | TSP oPESRi RP Ir pad
acdokdi®Reed elcohPehBeofIPiamRle 1 MW ol HE2SAREABHEONE 1L

exanple 1. 25 Fig. 6 is an illustration of a_
of CATFIIHSIANS R veaPe B SINg sPrRBa e nefadd Halicthigra pad

acJo‘}ng%gj Rt Bee%'oiﬁEEQQngr gﬁ'e%ﬁe ila!}e h¢h sHhefaldshi ng
pad _according to the enbodinent 1 is wused. Fig. 7 is

an Figus®rasi andodwing el by oreht indet vwelespq ©B(R silicon
waf%;}lc%%igéﬁgeé bSFEu?é‘BoEEEﬁE.hS’i;@Jd ggégae.d'lggtit@ tﬂgl én%%cﬁ‘ﬂnent
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
in which the polishingpad according to the conventional example
l is used.

Fig. 8 is an illustration of the variation of polishing
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in which the polishing pad according to the
conventional exanple 1 is used. Fig. 8 is an
illustration of the variation of polishing 4 rates in
the case where a polishing pad according to a

enbodi nent  2-1 of the present invention, a polishing
pad according to a conventional exanple 2, and a

rafd ix?h%x saedw}?‘eczgeogdloq.gs%ont hpead ngc\:’:‘? t oq: e)é%'y%llment
after break-1n are tsed> 5 iRy FS henati
2-Isedt itheapresent Cifnv@nﬁt&loinshangopﬂﬂllﬂgqmcﬂlmdmlng to a

anot her preferr enbodj nent _ of . t he sent
corfRRiandl Skauple (i SRR PREERENRE qordipg {4 the
cor@ritSltinag R*AmMP1BObI sht8g BHehRcEn PREEEREED.

EVMBODI MENTS FOR CARRYI NG OUT THE | NVENTION [19

Her Eifaf P ekS apfebema el afsddianet ¥i6K ehed m@ée%hmqyad

acddPERHd Ofb a&ﬁogﬁé’?rb?@ﬁe}:{]egeteﬂlbbdﬁﬁ\teﬁrtr 4y Eﬂet BResent
drawings. [20] Fig. 1 is a sectional view of

inviesitismi-ng pad according to a preferred enbodlnent of
the present invention. [21] A polishing pad 1
according to the present preferred enbodi nent can be
obt'ai ned WPESCRIZFAONeOFeBERERENCH 8¥MBQDS

urethan Is foaned and then cured. The polishing
[lsgadxnay n%? é55§§é?qu have foamabl e structure and

may2have polishidpa@ddafrestructure. Further, a
non-woven fabric pad may also be used. [22] In the
present preferred enbodinment, in order to inprove 25

tehe vt samobaENeb) ek EARRETRE! boRe#ngUERVRNTEON
ilicon wafer, the entire area of a polishing surface

[19ﬁa t Bepeippéserd sreerrrd mlmhm%nb% pél | shed Aresent
1nv@ﬂft ied Qet&@é Jﬁ‘%ag@ﬁ S!nref 99 | g0 %&faﬂ‘w%%s

|la are essene en t e po surface la 1s
[20{ husFibat fleds GSIeszrcgestal B w9l atamﬂetsiflrtmpad according

to GO 55:%%@:'::%‘&8 ehﬂoéu‘&éé&lc €of f tée ”HPeseKQ iRYonf%n.

[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 bu.ffe.d 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 ym 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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the polishing surface la is reduced to be 40 pm or

|l ess. The largest anplitude is preferably as small as
possi bl e. [24] The method of reducing the corrugations
on the polishing 5 surface is not Iimted to a
buffing process and the polishing surface may be
mlled or pressed. [25] Hereinafter, preferred

odi. ments .af .th res |nvent|on ar scr
surfRlas TIPS 1dmiiedd LR e B Bt oRs A S Folitning
surifaveninagn banaialedoay eptéopal . exanpl e, an VH-t ype
d manufactured by Nifta

[25 ﬁLL?B%E%pES,tem Brefet oy s nent B aRg ok PRASTt

invieghtabnvelre basgeibeam ng dianeters suitable for 10
pollshlnq silicon, was used. [26] Fig. 2 is a draw ng
t

ENBODIMENTatli ng a neasurement result of corrugations on

a pehi shi pgrsyihace of @prh'esrkLMs&@Q 186eqrdidRg LQd a
t he enbodi nent 1 which was buffed by sand paper of

conygaitiopi0exandla, mradtictrre podsighing pegh magafiashred
I rface of ndy Ro hing 0

by ﬁgt@ﬁléa%%n%/ne%| ona Zhte gganﬁ re 1 %n‘J’lc was fﬁ%ﬁ“%ﬁg% Fhd

havpﬁa] ralahevelawilnggea Hoamiogt adiamésetenatweistable for

o1P g Ltions.on the polis |ng surface of the polishing
Polishing §LAHEr1¥88nbT8E" the enbodi ment 1 and Line L2

[26¢Ienopeg thei £endeakingal 1 eXe0P4€iRg d mel¥urement result
corrugatlons on the polishing surface were neasured

W’:&‘ﬁﬁ’@é’&lﬁ’l”éwﬁﬁ’t M RAShigy 152‘0‘0f?1‘é?1u?506‘ui’€&11§;91n9 pad
accH&H@;ﬁB' tgoﬁle@ erfBY XA ANwnhie8l whB E@?fé:@sl?y Osfartch%baper

pol i sh |n8 d according to the conventional exanple
of gouvﬁe#% P f a&nd of npREEReRgs tnoesBLEf @f copmugatierp on a

polE.Ls.ﬁgnLgS ﬁ@Pﬁ“Q‘cé‘S de lysttated iy Lg,';t%%gaicwsdm@ SPLNGhe

surf as many corrudat’ions, ar gest
conypptirndé ehampde lexheedswas pat bnffedtrast, the

[27pol i $0ing pad.A l%OfQ néanLaan%OQeHS@gslpé@lo@@ogs on

hodeSt Tise as 1P uStTar e
the polishing surface of the polishing pad, and Line L1l 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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1, and it is learnt that the polishing surface has
fewer 30 corrugations, and the largest anplitude is
reduced to be 40 PMor less. [29] Each of the
pol i shing pads according to the enbodinment 1 and the
conventional exanple 1 was used to polish both
surfaces 6 of a silicon wafer of 300 nm under the
fol_l. Qwi Lt n at f ARFe
of Dpittetd SR85 a0 BRe pANRGLE LR Mgl
andithbeflofngsat af ithress DI iaon Wferr andlha pelpkhtieg nate vwere
evéﬁ%régg the nunber of rotations of a | ower nachine
plraten was 15 rpm an applied pressure was 100 / cn®,
[30di | | Cheshukbyr alf rabet1BfisUsEGn appead mathirérpraténwas
20of the slurry was 2.5 L. / mn. £31 Table. 1 shows the
EBFR Fef Balk TARAFIPBHGD 2, LSFER PAPP1RF (RIFTIWaS
15 LRS!t a90upbes eRAPIEL surd Okhs 0fdo aNded®) isShiiG: ratirrpfat
JLhe polished silicon wafer. In the table, respective
25 gyepragesedaland aonpalmesris 196l PEhthg $EIXTY ¥a§ided L
/ mildicon wafers are shown. [32] Table 1 enbodinent 1
conventional exanple I GBIR 0.207 0.349 SFQR 0.100
[310. 15ZabRel 1 -Gicws0th8 (GBI R I G1R&mdy Backal de8l gD, 1SFQR
As shown jn Tahle 1, the flatne r esent ed. by. t he
(s RROHE L R sharhe Sroel Nore PR STl B blerate
of phé pNliintedash 1 asowdfag. tI;m the taMledi respedtime average
i mproyed .in conparison to that achi eved bhy. the
valydls Shtadns4atACE PR TP ARE (FRE £ R Bhat: LASep af e s

arel,shawa .the roll off and the polishing rate were al so
%O i mproved.
[32 Table 1

embodiment 1 Cigé;ﬁhi?qal
GBIR 0. 207 0. 349
SFQR 0. 100 0.152
Roll-off 0. 100 0.23
Removal rate 0. 46 0.39

As showp 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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[33] Figs. 3 and 4 respectively illustrate a shape of
the silicon wafer polished by the polishing pads
according to the enbodinment 1 and a shape of the
silicon wafer polished by the polishing pads
according to the conventional exanple 1. 25 [34] The
silicon wafers were neasured by a | aser neasuring

evi cg, _whi.ch was. NA TRO 200TT nuf re
(358 ok o & 5P DR PR CPAteR ST e PAEREPE! chatier chan
a peotipherad pdraticn cefittlad spaitbanafat wers phamshad by the
peri.pheral ,portion, of the_silicon wafer was poljshed
PORFRIRE 1EY| SHERPT BRCoPE MEE Y HE BN ERtTRhel T 28
ilmeRdwedliasFid | businiledheneft fre urfidecofhehenii Yiecon
surface of the silicon 5 wafer was homgeneously )
waisd YRR SPTRIenReUS LY PSHiLFd esRY abea%%ﬁm’t%?ﬁ@cwrdlng

to AHOUNBIYinkrAS 1! bkushiakedakaaFig. rig.[86] As
6Sescrlbed, when the pollshlng_pad according to the
[36dnpodisndreciibagathennitheepodiniracPredraceerdbng oo the

emH 2 mef! ifhéggaﬁﬂéféﬁerieﬁu%iﬁg’ déﬁge ELALNESE; Ohst e the
silicon wafer” 10 can be 1 nproved, and the roll off and

poltilshing isshifager s exsoah, tdlesflbénesprofethe [Bi7]idoy wafer
is_an_illustrati of t vari ati.opn of the ol i shj

c=r, Bellnbnp 88 Thad e o SErrBet o g nei iy i fean

aldos beepadredrddn t he enbodi ment 1 and t he conventi onal

xampl.e 15 1. [38] .The polishing rate of the.
[37§olrgﬁﬁngﬁxﬁFaéﬂoﬁaﬂﬁﬁtgﬁthﬂeé%ﬂﬁiﬁr%ﬁflithﬁg Reptthe
pollisHing thtstakidddsythé Gt bErSimed QUPEL 0hiHE process

. polishing process, while the polishing rate of _the

is ggPPafeAgipath aBrdiimento 1t ARACHR® IR ARE L &I eample

1. was 20 stable fromthe second round of the polishing
rocess. [39] As is learnt fromFig. 5 an anmount of

(384 rreTﬁecegéaﬁyingoratﬁeo%ow%mfrﬂgiﬁ%aicreg tRADAFIRFEERSJEC

thea@ﬂ.bt)ﬁggleln%vflvggs cﬂc%:t h .hcu'itﬁ QEQSEE!LW ff&h_e‘ghe first
break-1n tine, can be re uceé, and . the polishing rate
rougah offe theppolédhingt peopes s siwntl pathaqeokidilngng 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
the polishing rate canbe improved in 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 thepolishing time in the polishing
rad according to the conventional example 1.
[41] It is necessary for the frictional force to be constant

inorder toobtainaconstantpolishingrate. Ittakes 60 seconds



20

25 to the enbodinent 1 in conparison to the polishing
pad according to the conventional exanple 1. [40]
Figs. 6 and 7 respectively illustrate the variation of
frictional force relative to a polishing tinme in the
polishing pad according to the enbodinent 1 and the
variation of the 30 frictional force relative to the
DO . N Li shi _ o di f he.
£oR0hs B0 Uah} B LR HAS ROIR L e BRQASHHLLAL 4 {ifing
pad ractoxaialg fior cehe oelbboddmenaintl , iwhidredel 5@ o selcomids care
constant _pglishi.ng,rate. It takes.60 secqnds. 8 for.
neqeRE A2ghdPate B LAEPARS PREr 2650 ETHRY o8 At oY Tetonal
exgnpliesNi.NQOIt path deCledirAg tRet8foeaDOA tetHe Istadith® time
1go seconds are necessary in the. olishin% gad
of LBERUW IRPIG Pﬁ@ceaﬁmﬁbsrmh%%ﬁwpédﬁc PreiRFpte the
emHRBtn #f hekafHyr@ el ad REast A tHR dd1Bsmirf ph®iccording
pol i shing process in the polishing pad according to
to tthe qaﬂ&ﬁmtﬁéﬁﬁlleﬁémﬁherger than that in the
(42001 | 9809 PadsaGeLdtDiientOrbBE1EANLARLL AR LXAD! S an
. [42] Table 2 Is neasurenment results show ng val ues
avegfagsn sugfarea ge uahrfescse Rroof) ites pol4d sbfingheupbbicelsi a§ the
f.aces_of. _the. 10,.p00lishin ad ' 0
po%%&%%neﬁg d a%%C?%Clel%c%n\s}!e%nt i%agal érenggﬁgﬁgh?gn%as%{ggd the
conyent irceall- teixampdearn Ingserured dspseopealEbEbP scan laser

s QRO RGR AL BLBF P& DBEAF RGP FHREPT D8°pof ne SLER. 1 peble

2 shegkOe 85ufdnéiit XA B ot inRePEGbinV€iduepagatyal Hethe
thereof . 15 [43] Table 2 average surface enbodi nment

regiomehtditomalX 4ouhAessTesSRRERPYE averRIq Vinj uesnpheract -
[432. 8falie’/9 sanple 2 2.94 1.68 sanple 3 1.86 1.49
sanple 4 2.42 1.50

T onghmass. | enbodinent|conventional

Ra (um) :

sample 1 2. 87 1.79

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 la.rger than that of the conventionél 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
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sanple 5 2.44 1.92 Ave. 2. 51 1. 68 As illustrated in
Tabl e 2, the average surface roughness Ra of the
pol i shing surface according to the enbodi ment 1 which
was buffed is larger than that of the conventiona
exanple 1. Therefore, the break-in tinme necessary for
the polishing rate 20 to be increased and then | evel ed
of f can _be reduced i n _conpalison 0 _the _cqnventiona
2-2); 20 Ro ST U R BEATEAPI F oran [Izéqt@maa ng Rpds
whid¥H § W HOIY 1SN RO A Y&S hd el gide I vITROsh SEDE chming
. and the conventional exanple 1. 1n a enbodipent 2 (2-1
diamghersymanyfaghyred RyhPafteoiars SAFpR A tem: Mat yired-
[45]pol iFeh NthPathboditert 15, aaf gaBBAL BeHECRRANE PaGhich a
having relatively small foam ng dianeters
polifhiffhsugtagenyt Nhe 4 CHa&aDel n@gpabmgeaa,dm daefifed by

sand $bApdi0lod '?:%u%f{b‘#‘i'o'aegkdza QESQH%EH‘%”E— - 1nl GRRCRR
5°polishing surface of the 'GCtype polishing pad was

polisififngrshyfasanthsphpEfedfbyxsant pEPEr afdcausikbibed drdiimer
2-2+hR Which the ol.i shin rface was buffed by sand

snart f100 M bEBaber | nare: R G20 warBiarEh, o e

convaint ildnay akempbaPaLadwhdch the polvieRingnehrLxa8pbEs ot

buf I n, whi ch the polishing surface was not 10 buffed.

u %ﬁﬂG] In a manner simlar to the foregoi ng enbodi nent,

[46]it WaSa nmll 8Bk 1hatk o BRe GUIYdiRANPBEbOA BAL, it was
olishing surfaces of the polishing pads according to

confiigmechisbatnere Sorrraatd ops2onvehe RRlkthingFiifeaces of
the F)grlg.%ﬁti n@"Bhhkugdess i“@fﬁ% al S O & UMM i ks B QRN Ar

Ss in conparison to the polishing pad according to

were fevwesnvendi thal laxgept e lideedndivere ¢ rsasiadinrad to
be 40T A 1o et JECEHE LA SR chiing
to theakosygentibhel axenmpde ZurtaoedingdivmessReenént ke swds
obtatg.%lglds lglynghg ur%égggxsergéné hc?expioclel %gﬁ%d%a%%%%rcq:!unx%c{ %y
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 1IM21D
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 um X 18 ym and respective average values thereof are shown.

10
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enbodi nents 2-1 and 2-2 and the conventional exanple 2

were measured by the real-time scan | aser nicroscope

| LM21D manufactured by Lazertec Co., Ltd. [48] Table

3 shows results of the measurement. In Tabl e 3, 25

t he measurenment results obtained fromfive points in

the region of 18 pmx 18 pm and respective average
[4gialu§ &heéeof are shown. 10 e [49] Table 3 average

ur f 228 , tonventional roughness enbodi nent 2-1

dinment 2-2 exanple ? n(llnr) sanplel—1—75-1 25 0.
45 ﬂpkeswzmeaz 1. 64 sanpl,e3| 2onvéfxibnal9P 0. 63
sanple4ﬁ§gé77 1|8 %”G“@?z EﬁWﬁFgggﬁg 755 xample @. 68 Ave.

- i Il 2
2. 12 58— As—-H-ust+at-ed—+r—Hablte ot e

averlage sswrlece roughneb§5 Ra is Uaﬁger on t He 45
poI|Sh|ggmﬁ%5fa‘es Jggzﬂere buf{f ed accor@qng to

the -------- RS .|. aHo—r—+—eoPar1Sson l.U I.IIU 5

polishlﬁgmd@ﬁfaue accordi’fy to thel-8hventi onlb3
exanpl e 2, .dhefefore, {he reductlp@lof the by eaK- i n

H ' ot
t i Me—Recessary—ter—the—port+shirg—rate—to—be—nect eased

and [t hersabrhed| e¢l of f cah703e expeckdf] [50] IQ}Q§ der
to rleduce g4 pe break-in §ipe, the ayeppge surf@qg 10

r oughhess .a.cf t+he—pot-shi-rg—surtace+s—preferabl y

eqURL {10 ud¥r ARV EL Tlle ANAHPLGRLGECL @R Yo b ABnES
pm The average surface roughness nore than 5 pm
Ra ilsi dangey resthe palikbingemurfrires oWhdchamerss byifed,
€ e | LB€on to th
acc%‘%td.:.% %gt%l'shuer Fg“g%hlglgﬁ%ﬁeé figa’%tzl g]?'ﬁgé%rg%lg acoor d?ng <
pOltLShtth eurddceeatso2dingntic?2tBeapgdnventional 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] In order to reduce the break-in time, the average surface
roughness Ra of the polishing surface is preferably equal to
or above 1 pm, and more preferably l pym - 5 pm. The average
surface roughness more than 5 um, which may' result in th.e
generation of scratches, is not suitable.

[51] Next, zeta potentials of the polishing surfaces of the
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 subjected to break-in were measured by
a zeta potential / particle diameter measuring system ELS-22
manufactured by OTSUKA ELECTRONICS CO., LTD. accoxrding to the
laser Doppler method (dynamic / cataphoretic light diffusion
method) in which 10 mM of an Nacl solvent was used.

[52] Table 4 shows results of the measurement.
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t he conventional exanmple 2, and the zeta potential of
the polishing surface of the polishing pad according
to the conventional exanple 2 subjected. to break-in
were nmeasured by a zeta potential / particle dianeter
measuri ng system ELS-Z2 20 manufactured by OTSUKA

ELECTRONICS CO. , LTD. according to the |aser Doppler

th (dynam c / cataphoretic light diffusion
[Singthg%flﬁzqwhlch 10 mM of an Nacl sol vent mas used

[52] Tahle shous ;rgsuL_t_s_Q.f—Fh.@ AR aSHH-eReRi— - 1
L5a3 Tablie # @phodhiEnemenbodi fenterconvent,i (755 1%na cod
i m'ilvf?&ntl onal| zetla pdtentihl 2| 1ewmiedky F’Eﬁjz)re%ia%lee

') (‘Ilhl Cr\i- ad Lo \N ¢+ hey

Sameas \-n v—t B ’136'“_ mu oanéﬂ e—+9616 321_
- 180p¥8l - 32| 599. 18anml e210-98. 3p 13078 127, 37 §§ o5
Saimpb e - 8. 250;\11)33230 1433.36 - 3-837Ave. | - 9. 183228 38

T30 O AS—STovn T € age Vv S of
{ hETP&e% pol ent PdPs %%éoooll§ﬂghé sut f aces 15 e
poIA@hlng pads gq@ordlnglg@8 t he -egbadi nent s 232 8and
2=2—were—9 18V, —and—12-38 TV, 5 Tespecli vely,
whi ae siowy ehags lead Javekratberalatess potthd zaka pafertinls

pol i shi_ng surface of the @gllshing gad accordin % E9% 4 to
of e PEIATBAREORATE &ite PDoWRBR L 1839 6P TR

thé/aémdn@én@ ned fienihe eebodigengsmit, 1a&ﬁd 22, 3/aarrev
closer to O mV conparing to the conventional exanple

respectgi 4], Adidesen Béaragﬁev#r%so%%ﬁ FRehiRAnrals
of Eﬂ%oé’&’i%gﬁ%w su%!‘gz:@g? %gflgﬂkhé?aﬁg a%@srdlng to the

acc the enb 2-1 and 2-2 were closer
convedrxnnak1anmgﬂesbnwae rﬁ@3zéﬁh1@6tenThHF dfhe healues

ol i shi surfac nvyent j,0 gg to 0 mV
ob JéF%?é%%? #%e f@ﬁﬁ S|on a%a¥n§§a %e m nus a ragivg "
coxﬁﬂiﬁﬂrﬁj e theofcdnvendlivhnay esampiter @.1 ed, and a fit

h | d h |
4ﬁo| | n‘ﬁ% %ﬁ%%%b%ﬂggmﬁlé{st 1 ga(.)RISo% nr’z:g.aslléréfl%%eogoibgkung

surfaces of the polishing pads according to the embodiments

2-1and2-2 werecloser to 0 mV in 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 O inV.
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a result, the reduction in the break-in tinme can be
expected. [55] The val ues obtained fromthe

enbodi ments 2-1 and 2-2 were closer to zero than
-32.89 nV which was the zeta potential 20 average
val ue of the polishing surface of the polishing pad
according to the conventional exanple 2 subjected to

n. Thiis d
[5'}3r ealél%oodl I;].tlz.cognﬁoa{?t ! at %g %J;]%t_ernfCh §E5§r€f rﬂt}ﬁél{éd

and orm suc
theasetos waa(pblleghéd bfuetheqmﬂerﬁhmmlpat@mmq;g%nQSto the

er t reduce eak-in t t
enticitingnt 78 halthe ESHFEREAEn el Benlrls 2 e EAF b hning
padagctSrdied et@bhue wmenwoaalakmmpﬁo nVsahdekees to

than 0 nv. Next , amhconﬁm&ervﬁé_h n
break muwﬁasﬂw ﬁ11 PYABESINI FEPBEo RRELERDPP ﬁSng S o

thé&lﬁysmmgaﬁ%‘ésw@%@oé@'aﬁﬂai:edt he enbodi nent 2- 1 and
t.he "conventi onal exanple 2 and the polishing

[59dccof1‘d1|engumleﬁx RE Tohvtherddl thR ARAYF Ela§bBP§cPéat?B vias
60 Ql’(ﬁ%@k 'Ehré W tQ?hIe'}g‘L leggal 6 d '%r m}hl}?e platen

'shing ra wer e eval uated. 58
wasThGel b erthef applaédopse%utehem:pp‘é& kRechi e atdP3225

€ nu er_of rota h we
marifEaq ot B T BA0s pindPEb LSRR cliab  Beedtiand. ene
vo XfinddRifi,c Flhr Y£l 'cJEBZs’ZEuﬂ;Qg el fLA0t mﬂ.ed bynNi tTlze Heiakicon
I ncorporated was u and .t he ic fl
wa ST, e Bk S R0 S isncona e GiF BlaPeropge Sl diing
waJJQle'pﬂéQ:dzdfl?r uﬁigléxﬁéﬁﬂé’&,wﬂﬂﬂ at Be-68csaa0dte POl hgpgcess
was repeatedly inplemented with a 30-second dressing

intgpResed the o-her ebet ween. 15 [59] Fig. 8s
fSQ?hOV\%l% r %%u gko@rfs Lh Qeggll'gsgfngh@r BBQ§.§h1n%6 ]ro'c@ sthe

pol i shi*ng according t he enbodi nent shown
[60dy Alnt w@eppbashhmggrmé aechrghes badtheeikediprent 2-1

shc% n {Bﬁ? dlo%/ee | ona?gg 14 d FS rg.Q_:}rLéﬁ‘EHQ AL A6E Q¢ Sdoner

exanp own by 0. Further,
in thﬁpaﬂhsshltbg:}‘rmplohrslmuﬂg pgdm:dctrd:tmg emm ¢ramyertional

exampsl Slﬁbssth%rv]vtnl g & .t h%‘u:%ggréstge Qgpad according

to the embodiment 2-1 was substantially the same as the polishing

pad according to the conventional example 2 subjected to

break-in shown by [0 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 xjequired in the
cénirentional example 2 is unnecessary for the polishihg 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 amanner 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



pad according to the conventional exanple 2 subjected
to break-in shown by ~ in terns of a polishing rate
and stability. [61] In other words, the enbodi nent
2-1 in which break-in was omtted denonstrates the
characteristics simlar to those 25 of the
conventional exanple 2 subjected to break-in.

Therefore, it _can be | ear th bre [
with i PERRK TR [REOVEShVR AN é%;r??bg] s%uksnén‘g%‘g’z a?‘;e
flaéxoésé ke ipaliet dgudBdo @ﬁﬁetdél&gtﬁa(h theserdammmillcon

[62] The flatness of the silicon_wafers

wE‘f‘Wér é’cﬁdﬁbﬂi’edbysot}ltﬁ/ A7 HFBIGh| ﬁ@‘dpaagcgfgépgl In%"t othe
cont &t £SRO0I BRI 2 21 e212d ad Hrexcanvent i onal

exanple 2 was evaluated in a manner sinmilar to_the
[sslenbom nthe Hreferzed eermdur%te. ArE6RIREFReSS It T sh&ﬁe

i e ey Rat
o Bl A0 345 SEESES S s
a muxxxxﬁyﬁﬁ|muyubhareftamp3551nwnaﬂgnﬂ§ﬂﬁr%ﬁxﬂr £o ¥ypich is

better. than those aof the s |con
made P B3 SRPAYOPEE XSt dFR d\/\@%gnv%% i onai A soft
foa®XaagPpl £ LowdibjBpierd 49 :Urle:asltﬁartedi i6Fig n 2 he
preferred enbodi nents described so far, the polishing
pad has a single-layer structure; however, may have a

INDOYkkEARYREPSE EAILI®Y CONDTi Sing a ground |ayer 2,
which is nade up of a non-woven cloth inpregnate

(641 t HThe avitraRa toinygnitionoam uaetyl| BREP Raf lsgng"c’”r
waf%%l UShER! £M 4 Nodd foord- walfed NUSTRR LWL CABI LI TY
4] e present 1 nvention is useful when a
sem conductor wafer, such as a silicon wafer, is
pol i shed. 14 WHAT IS CLAIMED I S: 1. A polishing pad
for polishing an object to be polished, conprising a
pol i shing surface pressed onto the object to be
pol i shed, wherein corrugations on the polishing
surface have
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5 acycle in the range of 5 mm- 200 nmm and a | argest
anplitude of 40 pun or less. 2. A polishing pad for
pol i shing an object to be polished, conprising a
pol i shing surface pressed onto the object to be
pol i shed, wherein a zeta potential of the polishing
surface 10 is equal to or above -50 nV and | ess than

WH%31 g pelishing pad as clainmed in daiml,

ereln a zeta potential of the polishing surface is
1. equdl p@blslmnmlp@t\defosmmmq @osobhanatOtenee polfighed,

corfliANNg Barl 2% £1 AIBA o0y o GLalrend LNQUDN e

PH RN AV er ag face roug ness

po:lpuedheml Rbjesaih acmacrug;ataqmsl ohotbe mdab:xs&nlnmmmﬁhce&qd&lve
bel ow 5 dun The l.i shing,pad as cl.ai_ne

a ‘%’r?;} f'ncfléﬁ 1330 ' ﬁFoag’ﬁm 488\%‘&%‘7‘ d 7 q‘ T e rdt g‘und’lde

of lAygim icx peeyi.ded bel ow a polishing Iayer conpri si ng
2. theApgclbifE}LPrgg %uag %gg pglslshlng an object to be polished,
comprising a polishing surface pressed onto the object to be
polished, wherein a zeta potential of the polishing surface
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 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.



