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SLURRY COMPQSI TI ON FOR FI NAL POLI SHING OF SILICON
WAFERS AND METHOD FOR FI NAL POLI SHI NG OF Sl LI CON
WAFERS USI NG THE SAME 5 Field of the Invention The
present invention relates to a slurry conposition
useful in final polishing of silicon wafers. More
specifically, the present invention relates to a-
slurry compegiki ofolmss firtd rBR! FSRANIPE 1 SiTicC 0f
wafers that can 10 reduce the mcroroughness or haze
(which isqarfiesh! fmPir qahxff[f 'M%%Il{b%f FERL + A0 TpdrightBY
fine particle clusterég 0 pol i shed wafer surfaces,
as well as redu ﬁﬁgi dhi,ght
scattering (LLs§ﬁa§?§§?§HE§%$@%S§55|zeTﬁgraé¥§ t han
about 50 nmfornmed on the surface of silicon wafers.
15 Background of the Invention Chem cal nechanica

polishing (CWP), which is a_fjnal Jprocess for the
production of siIico%éﬁgéeigégﬁgjgbﬁﬁ%&QEd to renove
phys'ﬁal surface .defects, suih as m croscratches, and .
20"t 0°Y e§GEES he 1EUPPRER N ErBF BRighRess BHUEY | ggRposition
fers, thus, king the surface of the wafers soft.

us ?Jerslﬂavifiegla inde? N%he TP FiLoéess c#afrave More
mrror surfaces with few defects. In recent years,

sPeehtt Gl lohs (e ePrRFERt t NETESIAd OB  rled@hbBzello | i gyhtslurry
scatter (LLS) defects detected due to 25

CORPeF Hslctat EpEs fanalottediishéhectat f ot hikebrwnwehersuthate can
of 1 wafers have been increasingly stringent.

reduce the microroughness or haze (which is a result of

diffuse reflection of light by fine particle clusters) of
polished wafer surfaces, as well as reduce the number of
localized light scattering (LLS) defects having a size larger

than about 50 nm formed on the surface of silicon wafers.

Background of the Invention

Chemical mechanical polishing (CMP), which is a final
process for the production of silicon wéfers, is performed to
remove physical surface defects, such as microscratches, and
te reduce the surface microroughness of silicon wafers, thus
making the surface of the wafers soft. Wafers having
ﬁndergone the CMP process can have mirror surfaces with few
defects. In recent years, regulations to restrict the size of
lecalized light scatter (LLS) defects detected due to

microscratches and other defects formed on the surface of
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LLS defects having a size greater than 80 nmor 65 nm
have been restricted. Regul ations regardi ng defects
having a size on the order of 50 nmor 30 run are
currently enforced. 5 To conply with such strengthened
regul ations, there is a need for a slurry conposition
that is nore effective for the renoval of defects.
c r es for
ey caanatar ereatla®) 5%%221% waf or's are

pr Odﬁigddte@f thhgv\?ﬁ“gssgfze gEp E%%ﬁéﬁegtg ucg{ %‘?’: 65 nm

single crysta gro Sl i"ciAg,
I hing_a cle Pol i.shi n
haBg ket ng%ﬁ?%%%aﬁ S TG 8n LapradiflinttRers having a
ncl udi.n c splits,_grain dlstortlon
Sl%ﬁr?&cgh%i Q& Zg% §%?f%§en?066@r§BﬁF%%Fiy enforced.
def e ci formed in the previous, 15 processes to
TonFEHRLE Hé?‘éc?u‘?}P B NRIIENENRC: KoL rBEORS f e 15 a need
Processes for chem cal nechani cal pO|IShI:g (CwP) of
foRafdr Uyl v%OW@%’psthﬁte is amgremee S gsBlivehi igr the
step for renoving deep surface scratches, which
repeyal res EMAP- polishing rate, and a secondary
polishing (mrror polishing) 20 step for renoving
m cr 8s¢iapehesfeshedrs nipaaf tay tubstpritear Yorpeknsbdmiuctor
step and | owering the surface m croroughness of

mapafaersut®. t i ldoder wvaffeasf encapgstinonsd {AYoigh achieviees of
mrror surfaces of the wafers. That is, the final

. prpotssds ngsatkp ashusindle carysted ogtowth, | o¥eicits lapping,

surface m croroughness of 25 wafers to the order of a
etERVMANOBLI DBB {P) and edusen ihe. hmlsrﬁn@ndsd%rﬁ@ﬁﬁéss for

the amounts of residual fine particles and net
removing surface defects and subsurface damage, including
scratches, splits, grain distortion, surface microroughness,
surface topographical defects, etc., formed in the previous
processes to produce defect-free wafers with mirror surfaces.
Processes for chemical mechanical polishing (CMP) of
wafers involve some steps, i.e., a primary polishing step for

removing deep suxrface scratches, which requires a high

polishing rate, and a secondary polishing (mirror polishing)

step for removing microscratches remaining after the primary

polishing step and lowering the surface microroughness of
wafers to the order of a few angstroms (A) to achieve mir.rcn;'
surfaces of the wafers, That 1is, the final polishing step
must be carried out to lower the surface microroughness of

wafers to the order of a few angstroms (]‘l), reduce the haze,
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ions to the | owest possible levels (a few ppn). These
pol i shing steps necessitate the use of a soft or hard
uret hane polishing pad and a slurry conposition other
5 than a polisher and deioni zed water. The polishing
pad is responsible for nechanical polishing, and the
slurry conposition assists the nechanical polishing
f i shin - rele i em cal
o FShrhes M odat R ML Sufel RaFREC1ES and metal
- rfaor fo 1 i shi ds, and slurry
lo@%n%%s??$g%§&¥§' 8%%%?2% %V%ﬁ%dﬁ%E%WhPSNEQUaIity
| argezdianeter wafers. Particularly, in view of the
procggg?ﬁgpgEé?%%?%r?%ﬁ@%sne%ﬁsﬁ¥£%§?-&%ﬁwgﬁgrCFS@DEWWF or
fers, .there i.s an i ncreasin demand for the | |
haggy i5shent oLl 0374 Gns’ LAl eyrosifgon other
achi eving substantially defect-free surfaces. Slurry
théBnﬁo@?flr%?%f 2rdl geanni e ekl | y and physically
‘promote the final polishing of CMP processes. GCeneral
sl ur FYecomeddrhiBas Pafi cdld y Faeprmlds abfasi visechkanical
H adj usti ng agent and dei oni zed water. For better
Pogéﬁhélhqngaqg agal BLYrry| gemposbhposi &5 ohstsraihe unedlsanical
include an organic or inorganic additive.
PolbAbHNG pef sehsi Picdashingmbatly andeglaysar atwrlasiive, clamdical
an al kali base, such as potassi um hydroxi de or sodi um
pohydhbxg de, A orons hderatetal 1mprdvenregdniic orhorganicorase of
is 25 generally used as a pH adjusting agent. In
podddhingnpads tdresesliFrooneenertisioadditi oaghifemctd omadduce
additives may be used to
high-quality large-diameter wafers.

Particularly, in view of the processing characteristics
of large-diameter (300 mm) wafers, there is an increasing
demand for the development of slurry compositions capable of
achieving substantially defect-free surfaces.

Slurry compositions are used to chemically and
physically promote the final polishing of CMP processes.

General slurry compositions typically include an abrasive, a

- pH-adjusting agent and deionized water. For better polishing

quality, slurry compositions may further include an organic or

inorganic additive.

Monodisperse silica i1s mainly used as an abrasive, and
an alkali base, such as potassium hydroxide or sodium
hydroxide, or a non-metallic inorganic or organic base is

generally used as a pH-adjusting agent. In addition to these
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achi eve enhanced polishing effects. For exanple, an
am ne as a nonionic surfactant or a polishing

accel erator can be additionally used to increase the
polishing rate, inprove the 5 degree of cleaning of
pol i shed surface and enhance the dispersibility of
abrasi ve particles. is common to select slurry

coﬁggpgﬁté'0@8d§€9§?§1nQuHEtEQﬁaPrgaﬁﬁgﬁgge Day be used to

aracteristics processes

acﬁn.g% ?’% egngl%hErgg%@f%% et ?or ex rrgglle;f:lt grf’sasfnine as

1'ting gregation and “pr
0 C the fornat on_of scrat
Aé%%ir%‘* o g aduee, o, b EPA PPy s gy c=n be
|sh| of. silicon fer repared b
ad%h sb%?s G sy 1eR pht Fonaghibl J-%r sHIRFQfe the
d r Iess i n water 5 addi ng amonia to the
egfgﬁer% an%Q?Q%ﬂgustthEO%FF?%97’%HI fageghepd afghance the
addi ng a water-sol uble cellulose selected from
digEeRS Y St e FNES Vit Yl CheP cel Tl B ecemi) to select
ethyIceIIquse (EC), hydroxyethyl cel lul ose (HEC) and
S H?HYoxyﬁﬁwﬁmﬁ%QlPU5ose gePeyding an &fount tBE 0. OBreesssing
2.5% by 20 wei ght, based on the total weight of the
charae st kvmsssioti 6MP pLoGssegent Nos. 4, 169, 337,
4,462,188 and 4,588,421 issued to Payne, et al.
di scPeSe ghtery Yompdsi’flbeA42f dssukdcreadimgintbek, et al.
polishing rate. The slurry conpositions are prepared
dibyldtendi g pandtlgldes hati ng imbdbzeingy 4 t9gidfatnimdr?25 and
with 2 to 4% by weight of an amne (e.g., 4
pr%ﬂipﬂbtaiﬁn}dretd’ﬁalmﬂamiial’l&oorre@ﬁlbﬂ ehediframhfe)o®l o §Or#hes.
y

According to this method, & slurry composition for final
polishing of silicon wafers is prepared by dispersing settled
silica particles having a size of 100 nm or less in water,
adding ammonia to the dispersion to adjust the pH to 7 or
higher, and adding a water-soluble cellulose selected from
methyicellulose (MC), methylethylcellulose | (MEC) ,
ethylcellulose (EC), hydroxyethylcellulose {HEC) and
hydroxypropylcellulose (HPC) in an amount of 0.05 to 2.5% by
weight, based on the total weight of the slurry composition.
U.S5. Patent Nos. 4,169,337, 4,462,188 and 4,588,421
issued to Payne, et al. disclose slurry compositions for
increasing the polishing rate. The slurry compositicns are
prepared by blending particles having a size of 4 to 100 mm

with 2 to 4

o

by weight cof an amine (e.g.,
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wei ght of a quaternary amoniumsalt (e.g.,

t et ranet hyl ammoni um chl ori de or tetranethyl anmoni a
hydroxide (TMAH)). 5 U S. Patent No. 5, 352,277 issued
to Sasaki, et al. is directed to a slurry which can

i nclude colloidal silica including 20 to 50% by

wei ght of silica having a size of 5 to 500 nm The

am’ lipel ' f %
spboh fen psagio) e oprmin bl 2 0 o oy

r 10_sol ubl e sa consi.sting_of a.cation_sglecte
we??%ﬁwhb,o andil hwmééﬁﬁ?55$r§nionaggP%%?%d frd , F{L‘g"
Cloa. .The slurry, is used to realize a soft .
celEEp a0 Rt lC, S il e o3 | 28 pifolEl drffortag Hdaronice
(nghgft Publ i cati on No. 2001-0003672 filed by Inoue,
al. is directed to a secondary or finish
poli shing_ conpositiaon, The_conposition can include '
si | i Ea”haVRhghanNoaverdge: part iefeedi te 6pszbitoe80@!- is
.nm as an abrasive. Various enbodinments can _al so o
dirgerede ¥ 061 E4UPLBU%HiGkei AR oingMYe solacpdab. silica
. This patent publication nentions that the addition 20
ingtuding byt A do waicks CHES)1hedi hgvindmd ezidaarcf 5 to
weight of 1.3 x 106 led to an inprovenent in the
SO0RydRrephThe clyref orif exlssuitfclsewsls, 20, SprPatceit00No.ppm of a
6,354,913 issued to Myashita, et al. is directed to

waestaphypleonposiménn ahdr 0| pshi g t heOGUpbaceoDf a Mater~

a single-crystal silicon or polycrystalline silicon
solubbe Fhet Boskiustingoaposi thahonaneilpekade faom Na, K and
wat er - sol ubl e cel | ul ose, such
NHy and an anion selected from Cl, F, NO; and ClQy. The slurry
is used to realize a soft surface whose microroughness is

below 5 nm.

U.5. Patent Publication Neo. 2001-0003672 filed by'Inoue,

et al. is directed to a secondary or finish polishing

composition., The composition can include silica having an
average particle size of 20 to 300 nm as an abrasive. Various

embodiments can alsc include 0.001 to 0.3% by weight of TMAH

as a base. This patent publication mentions that the addition

of a hydroxyethylcellulose (HEC) having a molecular weight of
1.3 x 10° led to an improvement in the hydrophilicity of wafer
surfaces.

U.S. Patent No. 6,354,913 issued to Miyashita, et al. is
directed to a slurry composition for polishing the surface of

a single-crystal silicon or polycrystalline silicon film. The
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as hydroxyet hyl cel l ul ose (HEC). The slurry conposition
can also include a pH adjusting agent, including an
am ne such as triethanolamne, optionally in
conbination with an additional 5 alkali agent which
does not contain an alkali netal, e.g., ammonia and
an am ne having a relatively high vapor pressure.
r - ter- bl e | whi hs_a
slnggrEB%%%¥lt{JHEé%% hic kbl wgf%gxéiﬁﬁﬁle ceEEH%%se, such

ut1ion source, IS puri I"On “€éxcC ge
tr [ th tent, of tal inpurit.ies.
= O e s RS S5 e SRIRG s urvy conpast i Siegtgon can
i.thin, the geperal ranges, and particularly do. not
AL dBST P oo U COhiRe o n AGLRETER 3 gPLHo; fHeh s
defects, (LPDs), haze d .m crorqughness ot her than,
trilﬁ%ﬁaa%%‘%% s?ﬁfrﬂg?ﬂﬂiﬂéf. ins @Hﬁﬁgyl% YheD | A eRgfbhional
gh ,present invention can provide an optinmmslurry
al aﬁboﬁgﬁ%n AR RS abPhsCPBERARt P8I edlhrdvi mptad: .9,
optimum particle dianeter to reduce the
AMRPREBr BUGhARS SMERe hagel o cielats velvediibh #hparfpoeesure.
reflection of light by fine particle 20 clusters) of
Impgrtanely maftbe sipfesceslahdet caldddoser hevhiwrbets ef major
LLS defects having a size |arger than about 50 rim
PowhbEROR s sSoulteenexits spamnidEred! sipeciibinc atsaimniges uetkatment  to
t he sem conductor nanufacturing industry, thereby
redppe ovidgodrieent elfdmefal piogaesiseises.or pol i shi ng
silicon wafers. 25 According to the present invention,
t her Bowsver pvillesk apoBi sHitg V5160190 %icinpeB it 06né i DBd within
polishing of silicon wafers, the slurry conposition
thenckudiray dehgeszednwapaktial@siyedo not suggest improved

performance in terms of light point defects (LPDs), haze and

microroughness other than increased polishing rate.

Summary of the Invention

The present invention can provide an optimum slurry
composition that uses abrasive particles having an optimum
particle diameter to reduce the microroughness or haze (which
is a result of diffuse reflection of light by fine particle
clusters) of polished wafer surfaces and to reduce the number
of LLS defects having a size larger than about 50 nm, which is
the next standard specification issued in the semiconductor
manufacturing industry, thereby improving the vyield of
processes for polishing silicon wafers.

According to the present invention, there is provided a
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particles, a pH adjusting agent, a water-soluble

t hi ckener, an acetylene surfactant, and a
heterocyclic amne. 5 In an enbodi ment of the present
i nvention, the acetylene surfactant can be sel ected
from an acetyl ene al cohol and an acetyl ene glyco
represented by Fornulae 1 and 2, respectively:

Sl?%depe entf%iééjfg%;%gHg%Jggggggaﬂg B%mgﬁgﬁggﬁhwaﬁﬁﬁﬁﬁ
10 wher.ein R1_.and
Sl%fkgre(%égﬁg gégggghgt EE%CHégﬁéﬁ gf%}QdﬁE: C abrasive
I i s O to 10 In a urth
R R T hootf & G kit et aRtier, an
can be an ne coI of For Ia 2
acﬁ% %%5ﬁéﬂ% ﬁgdzﬁ) @Wﬁﬁ?ﬁ%? ARd"R2 are each
|nde endentl 5 (in which nis fromo
to 1 a?oeT% Her® eﬁBSdPﬁ%ﬁ?n%leWﬁ9ﬁ%O§seﬁP@ acetylene
[ ventlon t he acetylene surfactant. can be used in an
Suéﬁﬁﬁhi‘%f caBoke FI656%Y (EFOHbAR TSCORTH Iy aksiohRt, and an
based on the total weight of the slurry conposition

aceRyterg didinced beFepecsetacth t WY poFermikre off and 2,
silicon wafers. 25 I n another enbodi nent of the

reppgsbhvelnivention, the 7 acetylene surfactant can be
used in an anmount of about 0.00003 to about 0.003% by
wei gRiR: (PHsEE=06n t he total welght of the
wherein R; and R, are each independently (OCH,CH,) OCH,CH;3
(in which n is from 0 to 10); and
RiR; (OH) CC=CC (OH) R:1R> (2)
wherein R; and R, are_each independently (OCH»CH,),OCH,CH;
(in which n is from 0 to 10).
In a further embodiment of the present invention, the
acetylene surfactant can be an acetylene glycol of Formula 2:
RiRs (OH) CC=CC (OH)} R1R, (2)
wherein R; and R, are each independently (OCH;CH;),OCH,CH3

(in which n is from 0 to 10).

In another embodiment of the present invention, the

- acetylene surfactant can be used in an amount of about 0.00001

to about 0.008% by weight, based on the total weight of the

slurry composition that is diluted before use in the polishing

of silicon wafers.

In another embodiment of the present invention, the
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slurry conposition that is diluted before use in the

polishing of silicon wafers.: 5 In another enbodi nent
of the present invention, the heterocyclic am ne can
be selected fromthe group consisting of piperidine,

1-ethyl pi peridine, 1- (2 -am noethyl) pipe ridine,

pi perazi ne, 1-ethyl pi perazine, 1-am noethyl pi perazi ne,

ac%]tsy(_’{‘é(ﬁé O Y& 'ch%ﬁ‘ziaé‘eu%%c%%rag-;'o%gnw%@eofaé‘l?%t 0.00003

tures thereor. I n-an er e nent ~of

[ ' .h h [ ' b d
coPLBNEL o, BYSRL L0yl DELSLACURL LG eaT0g,c30 B8, ogd e
h d t he .t ot ight . of t itiaon .
1R 5 B8 P ATt e OB U s

fsilL_con waf ers. 15 I n anot her enbodi nent of the

CLpPesERT™ | i‘on, the heterocyclic am ne can be used
in an anount of about 0.001 to _about 0.3% by weight,
based™orftHE ot FPUHEIRANRT 0Pt Hres| BERSENe0APIENELRR, the
that is diluted before use in the polishing of o

he§prpeynl Mafdhisie Zepn rbandt heetehboeimeite o¥reye consisting
present invention, the abrasive particles can be

of cglipsirddingi | Lcatputpirtmigling ahotdremissbobyhepipefidine,
the present invention, the abrasive particles can

Pihavezare avelagehplpiwese par,i cl &-antiersterlpdbeabolbe 10 1~
to about 70 rim 25 In another enbodi ment of the

hypresesithylpigeiraennet he-pdrablriasinoaepanhd chizst oars deaeof.
an average primary particle dianeter of about 20 to
abouln3Gmher embodiment of the present invention, the

heterocyclic amine can be used in an amount of about 0.0001 to
about 0.5% by weight, based on the total weight of the slurry
composition that is diluted before use in the polishing of
silicon wafers.

In another embodiment of the present invention, the
heterocyclic amine can be used in an amount of about 0.001 to
about 0.3% by weight, based on the total weight of the slurry
composition that is diluted before use in the polishing of
silicon wafers.

In another embodiment of the present invention, the
abrasive pafticles can be colleoidal silica particles.

In another embodiment of the present invention, the
abrasive particles can have an average primary particle
diameter of about 10 to about 70 nm.

In another embodiment of the present invention, the
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I n anot her enbodi nent of the present invention, the
abrasive particles can be used in an anount of about
0.01 to 5 about 10% by wei ght, based on the total
wei ght of the slurry conposition that is diluted
before use in the polishing of silicon wafers. In
anot her enbodi nent of the present invention, the

ab2REAsd Ve panitiekes gan ﬁghésgﬂ1i%ﬂ%%gegﬁu?%gﬂégfg&%&ticle

0.05 to" 10 about 7% by weight, bas ( |
aidRLE £ ABRCSHUrEY HOMROSYd LN that 1s dil uted
before use in the polishing o silicon wafers. In
anot her i.me of. present invention, the, .
A ST
. 15 I n_.anagt her enmbodi nent .of the present. inventi.o
ab%%sel‘ﬁ—l-paard_]ll?s Seng g &t CHY 0 Oél.nstl ¢ fareioREr 0201 to
embodi ment of , the present invention, the
abGRY eféggk%bwel?}ﬂ? 'cﬁ%?%%opc% e FPSYy s Py idfg e slurry
hydr ophi li ¢ roup._ﬁo I n anat her enbodi nent of _the,
COBRRFENON NVt i of, HHETSRatRE 056l (7% thi EREnéPldaRing of
_iflected fromthe group consisting of polyvinyl
s1 ¢IhdiateFE1-yvi nyl pol ypyrrol i done, pol yoxyet hyl ene,
hydr oxyet hyl cel | ul ose, hydroxypropyl cel | ul ose, and
m xt i egrokBpEofempElimengnopherthenvper st dnvepeion, the
present invention, the 9 cellulose conpounds can have
abpaisigrazhialege aml dsulumedndinglan agfoualiogtt 3GELE00 .06 to
about 8, 000, 000.
about 7% by weight, based on the total weight of the slurry

he

composition that 1s diluted before use in the polishing of
silicon wafers.

In another embodiment of the present invention, the
slurry composition can have a pH of about 9.5 to about 11.

In another embodiment of the present invention, the pH-
adjusting agent can be ammonia.

In another embodiment of the present invention, the
water-soluble thickener can be a polymer having a hydrophilic
group.

In another embodiment of the present invention, the
water-soluble thickener can be selected from the group
consisting of polyvinyl alcohol, polyvinylpolypyrrolidone,
polyoxyethylene, hydroxyethylcellulose,
hydroxypropylcellulose, and mixtures thereof.

In another embodiment of fhe present invention, the
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1 n anot her enbodi nent of the present invention, the
wat er - sol ubl e thi ckener can be used in an anount of
about 5 0.001 to about 0.5% by wei ght, based on the
total weight of the slurry conposition that is diluted
before use in the polishing of silicon wafers. In yet
anot her enbodi nent of the present invention, the

<2 COMEALILED SERELE FoHLEORI LR B0 esone
oo BHETH! B0 JOETF, BARLE LI gt bt o 11 e

conp sitionli 15 Detai | ed Description of the Invention
The pPesERt 5 eREPBALIEW WPl dBSEPEBEd HYEELEERT y the
hereinafter in the follow ng detail ed description of
watRE-SPhVRHE | SRICKRANGRI CRNsdife, UBBE Adt ¥l | ABAVBHI wéntapout
of the invention are described. |Indeed, this o
0.PRYekti ghorky be®20Yerrtodinéd iasednyrdi Thieeremiaf orgiwht of
and should not be construed as |limted to the
thenbdiieht Soseesiokarh Keabi nis rdihetedt lredore use in the
enbodi ments are provided so that this disclosure wll
pogashsny chppllicapl eafegal requirements. The present
invention is directed to a slurry 25 conposition for
fi nalnpgkkshnnghef smbpodiorenwafed LhelTlheeskatr ynvd@tion, the
conmposition can include deionized water, abrasive
slparyi cbesosatiqtad] Usiveng agerbsiaywatesbsat ubl B to about
t hi ckener, an acetylene surfactant, and a
50heterocyclic am ne.

According to the present invention, there is provided a
method for £inal polishing of silicon wafers using the slurry

compositiocon.

Detailed Description of the Invention

The present invention now will be described more fully
hereinafter in the feollowing detailed description of the
invention, in which some, but not all embodiments of the
invention are described. Indeed, this invention may be
embodied in many different forms and should not be construed
as limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will satisfy
applicable legal requirements.

The present invention is directed to a slurry

composition for final polishing of silicon wafers. The slurry

10
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Any abrasive particles may be used in the present 5
invention if they can be produced by a fum ng or
sol -gel process. Exanples of suitable abrasive
particles include silica (Si02), including colloida
silica particles, alumna (A1203), ceria (Ce02),
zirconia (Zr02), and titania (Ti02), and m xtures
T ; i ve i h n.av e .10
o Eary Rart] s Emeraehh P bt WS RRsR BABE R =
far. I ut 20 t.0 abouyt . 30 . I.n_order_to
oh 851 EEBIR) SaBRE oot S T S PGB ER  arb acetylene
r10]s surfac tate. 1f the. average primry
Sug%@??%ﬁe’d?éne §$%8FOFHSib%r§§?V% particles is |ess
t han_about. 10 nm sufftcient nmech nicalﬁﬁoLishing
ef f eBf'Y 18P1IH I PFTEEELRDt R aPRedUSShi ¢i c &R caRkesent
. a Eoblen1'n terns of polishing rate, and there is
mﬁfﬁg poRsildi | FRSY t FAP thfe PABFESPYePPard i EPBangmpr sol-gel
aggregate_and be deposited due to polishing remants,
prg%@ﬁsas sEFaRRHRS cOipotintisabiur eRgaspvei Hamgeles include
Meanwhi | e, if the average primary particle 20 di ameter
sidficphe Sdbrehsi ¥Bchadine| el bxtdakssabina Parphylesheralumina
is the risk that subsurface damage nmay occur,
(Ale@l-t icegimn (Ba02)incrieasaibpn (Bage vanske. tiTeaiabr(@sDyle and
particles can be used in an anount of about 0.01 to
mizboges 108 byofei ghte, doaaséxanphetabbes O2105hive allousverage
25 7% by wei ght, based on the total weight of the
prsharyy patticoapaelisineanrt ket alsowt | abedbeflose use nm, for
the polishing of silicon wafers. The pH adjusti ng

exagpbt shoube used abouddpustimf hen pdtd@r to reduce mechanical
polishing effects and achieve improved surface state. If the
average primary particle diameter of the abrasive particles is
less than about 10 nm, sufficient mechanical polishing effects
typically are not attained, which can cause a problem in terms
of polishing rate, and there is the possibility that the
abrasive particles may aggregate and be deposited due to
polishing remnants, such as siloxane compounds, during
polishing. Meanwhile, 1if the average primary particle
diameter of the abrasive particles exceeds about 70 nm, there

is the risk that subsurface damage may occur, resulting in an

‘ilncrease in haze value.

The abrasive particles can be used in an amount of about
0.01 to about 10% by weight, for example about 0.05 to about

7% by weight, based on the total weight of the slurry

11
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the slurry conposition. The pH adjusting agent can

serve to 5 inprove the storage stability of the

abrasive particles and inpart an oxidi zing power to

the surface of silicon wafers. Wen silica particles

are used as the abrasive particles, the pH of the

slurry conposition can be adjusted to a range of

bout ..vario ki nds_ of organic -.and.

coftffetetor 18aEodd, dbyelll (RS8N, Dlp OHRE" s 3Pt ot
Siihurr wq@g osition. The anmount of an organic or

in%?%aﬁ? dse used to adjust the pHof the slurry

conpsitigon to a desired pH range may he varied

2ocol AP BT B e Cih e 5 G dfothe chasH Sk &K Of

a ak base, can be used as the_organic/inorganic
thEaseUrIE FREPGRL etUsol ubte Rl ingaRIetused tserve to

enhance the dispersion stability of the abrasive

 imBEeYeclBs @GPTrAGe FORPIRLRY &Ad 16 iaRnasd vehgarticles and

~wettability of wafer surfaces. As the water-soluble

1mparEkéRerX1digbnyg nepwhtviteg taehyahndplee iaf grlbwercarpiers.
be used. Exanpl es of suitable water-soluble 20

Wheni gkéher sparicialds poleywiseyl asl ¢bkokprasive particles, the
pol yvi nyl pol ypyrrol i done, polyoxyethyl ene,

piHhydr cheet i oel | ebngses ithydr coampriopyhdehdtiddses andange of
m xtures thereof. The cellul ose conpounds can have a

abuet ght 5 average:t mil.ecuhatoweilghidsofofabeubn300a000id@rganic
about 8, 000, 000. 25 The water-sol ubl e thi ckener can be

bagsedcan lad @s@iinto ofdjukt aleuipH0 cG0thkosabeul QodYodition.
wei ght, based on the total weight of the slurry

TheORREShE | &N dhadrdahnid |dHt ahhehare BSSei Asédeco adjust the
polishing of silicon wafers. This anount can allow
pHAQUSEHENElurry composition to a desired pH range may be
varied according to the characteristics of the base. Ammonia,
a weak base, can be used as the organic/inorganic base.
The water-soluble thickener can be used to enhance the
dispersion stability of the abrasive particles during

polishing and to induce the wettability of wafer surfaces. As

the water-soluble thickener, a polymer having a hydrophilic

group can be used. Examples of suitable water-soluble
thickeners include polyvinyl alcohol,
polyvinylpolypyrrolidone, polyoxyethylene,

hydroxyethylcellulese, hydroxypropylcellulose, and mixtures
thereof. The cellulose compounds can have a weight average
molecular weight of about 300,000 to about 8,000,000.

The water-soluble thickener can be used in an amount of

12
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of the viscosity of the slurry conposition to a range
of about 5 0.1 to about 50 cP. Wen the viscosity of
the slurry conposition exceeds about 50 cP, the
polishing rate of the slurry conposition can decrease
and the foamability of the slurry conposition can
i ncrease, which can result in poor workability. 10

abdhie acetylenesuil actant, apd hie helerogyctig ﬂg@ﬁf weight
can be sinultaneously uSed t0 reduce the nunber o

o dRheCls3 hayl MBnoBsstEsn | BROLY 15N80; ADOUT LBRCLLM,LAr TR] 1he

wafers. Th t

on the surface e acetylene surtactan

pof?@hﬂf%gfé%ﬁ?%%Pkr%gkggs.1g%%%§%¥%§g§u$é§ohf%oﬁqgiﬁﬁmﬂ@ht

acetylene g represent nd
r ectivel.y: R CC--CH (1), wherein Rl and
of L Sy e b B v S Ot 50 7 PR GF qbout

o2 JEoBaD I0oand g e ey (2] e,

OCH2CH2) nOCH2 in which nis fromO to 10). An
CO@B%%%‘%{L %%??%TB aﬁé%? BSr fifra thorPolishig chake i ef the
reater than 10 can have | ow solubility and nmay cause
Slgéry nEFPBRSBHE FJanaBR| id8FTERSEhars] uEhs é@ﬁ’ﬁ@@ri’}@h. oft the

is 13 anticipated that the acetylene surfactant wll
s1pFeYi GempRELItYN | GRTNglrWERaST ectRiCIF £anl yresHg use poor
of the acetylene surfactant can enhance the

- worleilpbkiil ity of the slurry

The acetylene surfactant and the heterocyclic amine can
be simultaneously used to reduce the number of defects having
a size larger than about 50 nm formed on the surface of
wafers.

The acetyleng surfactant can be selected from an

acetylene alcohol and an acetylene glycol represented by

- Formulae 1 and 2, respectively:

Ri1Rz (CH) CC=CH (1)

wherein R; and R; are each independently (OCH,CH,),OCH,CH;
(in which n is from 0 to 10); and

RiRz (OH) CC=CC {OH) R4R; (2)

wherein R:; and R; are each independeﬁtly {OCH,CH>) ,OCH,CH=
(in which n is from 0 to 10).

An acetylene surfactant of Formula 1 or 2 in which n is
greater than 10 can have low solubility and may cause

increased foamability of the slurry composition. It 1is

13
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conposi tion, which has good foamability and poor
defoamability 5 to inprove the workability of the
slurry conposition. Secondly, the acetyl ene
surfactant can serve to substantially wuniformy
spread the slurry over |ipophilic wafer surfaces due
to its inherent hydrophilicity. That is, the acetylene

an%%EF?SEQ tt%%@ 1%§t5¥e#gPéﬁge th %égph%ghc q&jde the

I7¢ wafer Surfraces and
|t f LLS t
BT PR L ORI LS T

yl ene surfactant_can be use n_an annunt of

R e I %@%ﬁ@h&tw 0P T exBipl esTurry
about  ,15 0..0003 .to about 0.003% by wei based on

coppgsthian: Wit 1S 99eds FarRP %Jowﬁbséirt @?qnqalefpemablllty
diluted before use in the polishing of silicon

Eafigie ovRne hene weekepréhby supfactlft isdurg¥ed cprpapition.
amount of |ess than about 0.00001% by wei ght, an

Secrplventhe RACEYEERR BanEsitanty con tseavs] tior pubstantially
conposition is 20 typically not expected. Meanwhile,

unwﬁeﬁmﬁheseteq®lﬁhﬂaShumrwaevantlleOphx&ﬂq|wai@ranuuﬁaceﬁ due
nore than about 0.008% by weight, there is the

topodsebilnhgreartat hyldeopoibecitof. LLSThatef ecd,s whlel acetylene
i ncrease. The heterocyclic am ne can be used to

sucdatteht t hean25 gotitshi ngimprevefl tthe slhydyophilicity of
conposition. The heterocyclic 14 am ne can be

lipepatl ed #&08r t er I HRNSirsithage0bopiBREMGI P&ds, and as
1-et hyl pi peri di ne, 1-(2-am noethyl)pipe ridine,

a RicRelazi BRe AumBéNYPiPES aZdMBts having a size larger than
1- am noet hyl pi perazi ne, 1-

about 50 nm can be reduced.
The acetylene surfactant can be used in an amount of

about 0.00001 to about 0.008% by weight, for example about

0.0003 to about 0.003% by weight, based on the total weight of

the slurry composition that 1is diluted before use in the
polishing of silicon wafers. When the acetylene surfactant is
used in an amount of less than about 0.00001% by weight, an
improvement in the defoamability of the slurry composition is
typically not expected. Meanwhile, when the acetyiene
surfactant is used in an amount of more than about 0.008% by
weight, there is the possibility that the number of LLS
defects will increase.

The heterocyclic amine can be used to control the

polishing rate of the slurry composition. The heterocyclic

14
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hydr oxyet hyl pi perazi ne, 2-pyrrolidinone, and m xtures
thereof. 5 The heterocyclic am ne can be used in an
anmount of about 0.0001 to about 0.5% by wei ght, for
exanpl e about 0.001 to about 0.3% by wei ght, based on
the total weight of the slurry conposition that is

di luted before use in the polishing of silicon

arMBEeES Eéa%er(ghkf&% h% @g&@@ éghéﬁﬁi%nﬁgo%ﬂg%ﬁerldlne,

anount gre an a out

000 W h shln rate aof
%Qﬁgle'g}ad%%dpoél f%% 5§%tgglg %ﬂﬁ)/ RFEge8s, -
uktin increase in th nber of, def ect s,
etk iﬁlﬁgr%%&ﬂf"The sIurr?‘ %pVEHIB?r?%E“%resent 1-
|nvent n. can be, 15 honD eneously m xed by various
hy%%?ﬁﬁ?t]&%]spﬁéﬁ%nﬁse TRYFRRLL Jrr}%?e'pé‘PFisﬁ?-ﬁE]mé?s thereof.
silicon wafers. In addition, defect-free wafers with
m rr GPSsHFFRERSY Taif BRLBROARR B UST9RY ithénsREPRYt of about
osition of the present invention. Hereinafter, the
0. BP@EerﬁO i3I | Orowi PY  BeieRpt aifREd S¥amDRe BoRtddL-H0L to
with reference to the foll owi ng exanples. However,
abphEs8- dxahpl vsighle ruasdchiendéde tteteilnveighe pf etlmtslurry
i nvention. EXAMPLES 25 [Exanple 1] 15 Coll oi da
comppbthipar theted shaliingeal préfarey weet iiol ehedipistsdring of
of 20 nmare diluted in deionized water up to 5% by
siweicght wifferse si [fcahgarhécdesgydnd t heind. 5% bysed in an
wei ght of ammonia is added thereto to adjust the pH
ampahtie dr@at@r8. tihrb%bout 0.5% by weight and smaller than

‘about 0.0001% by weight, the polishing rate of the slurry

composition can be considerably increased, resulting in an
increase in the number of defects, such as haze.

The slurry composition of the present invention can be

‘homogenecusly mixed by wvarious techniques before use in the

final polishing of silicon wafers. In addition, defect-free
wafers with ﬁirror surfaces can be produced using the slurry
composition of the present invention.

Hereinafter, the present invention will be explained in
more detail with reference to the following examples.
However, these examples are not intended to limit the present

invention.

EXAMPLES

[Example 1]
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5 by wei ght of hydroxypropyl cellul ose having a wei ght
average nol ecul ar wei ght of 400,000 is used as a

wat er - sol ubl e thickener. As indicated in Table 1, to
the m xture are added 0.002% by wei ght of the

acetyl ene glycol and 0.2% by wei ght of piperazine as
a heterocyclic amne to prepare a slurry 10

Corrpegh&w@al g@glihgr r;yarg;qmgi tﬂmél gi !&gﬁgﬁo-gﬂ&de

w th deionize wat er “and used for i Shi'n
il . sl i ¢ I )
ughlLeeroroia s 108 ALLIES LT INIAL GRS BE S oy

Iy lisher, (UNIPLA 211 ich a 15 hard .
e P oR Bt g ph R achih, AT ¢ 0y babkr edebt of

ol i shed lLurry sanple and the surfaces of the .
am&ﬁ?%?sl%rggﬁﬁiéﬁv%éﬁou n@déu§5§g§tﬁml§@&fe to 10.8. 0.5%
(KLA-TE ).(%annple 2] 20 A slurry conposition is
prch,?ﬁ&}éd C?ﬁ R o WaRel 14§05 nheanpl & Teighdeptverage
t hat _et hyl pi perazine is used instead of piperazine.
mOFREUHDY | St thePtor ARACBOBf ¥he wiad r ¢S canp¥sieFoipluble
i s eval uated by the same procedure as described in
thigkapte. 1 Aoinpdcpirdnmphe TaPla &) ukpythonpbsiviomyis added
prepared in the sanme manner as in Exanple 1, except
0.PRaP lawi wowiaiy|odi pbrazcabyleneiseidydaistedd0.8% by weight of
pi perazi ne. The polishing performance of the slurry 5
ripenposi¢ i aF | 8 evateabedchyct henisare tor opedpeeeasa slurry
described in
composition.

The slurry composition is diluted 40-fold with deionized
water and used for polishing of silicon wafers. The diluted
slurry is used to polish a p-type 200-mm flat wafer with a
(100} orientation using a polisher (UNIPLA 211) to which a
hard urethane pcolishing pad is attached. Thirty wafers are

polished per slurry sample and the surfaces of the wafers are

analyzed using a SURFSCAN SP-1 (KLA-TENCOR).

[Example 2]

A slurry composition is prepared in the same manner as
in Example 1, except that ethylpiperazine is used instead of
piperazine. The polishing performance of the slurry
composition is evaluated by the same procedure as described in

Example 1.
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Exanpl e 1. [Conparative Exanple 1] A slurry
conposition is prepared in the sanme manner as 10 in
Exanpl e 1, except that colloidal silica particles
having a primary particle dianeter of 50 nm are used
instead of those having a primary particle dianeter
of 20 rim The polishing performance of the slurry
conposi i i$ evaluated by the sane procedure as
described in éxanple 1. 15 [Conparative Exanple 2] A

sl ur Siti j .S r (n.t S er
- e RERO Lot BRSBTS infter as

.U et am Ls.used i-nstead_of piperazine.
in BEBNE 4 ¢ OB bR, S TR e LB R [ eac
is_eval uated by the sa rocedure as described in
OfEx%h%ﬁ%?%ﬁnﬁfConﬁg}%uigﬁyiéQgﬁglep%ﬁ§§fQﬁQﬁeryOf the slurry
conppsitiaon i s prepared in the same manner as 25 i, _
CORRAMDT L, 1% XIEpH At Rt D%t Ham ot A AcE b8P nde iR Red in
17 pi perazine. The polishing performance of the slurry
Exaﬁﬂg%s%tion i s evaluated by the sane procedure as
described in Exanple 1. 5 [Conparative Exanple 4] A
slurry conmposition is prepared in the same manner as
in Exanple 1, except that colloidal silica particles
havi hgoBParstive xpaptieclé di aneter of 50 rim are used

instead of those
A slurry composition is prepared in the same manner as

in Example 1, except that colloidal silica particles having a

primary particle diameter of 50 nm are used instead of those
having a primary particle diameter of 20 nm. The polishing
performance of the slurry composition is evaluated by the same

procedure as described in Example 1.

[Comparative Example 2]

A slurry composition is prepared in the same manner as
in Example 1, except that no acetylene surfactant is used and
ethanolamine is used instead of piperazine. The polishing
performance of the slurry composition is evaluated by the same

procedure as described in Example 1.

[Comparative Example 3]
A slurry composition is prepared in the same manner as

in Example 1, except that ethanolamine is used instead of

17
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having a primary particle dianmeter of 20 nm and

et hanol am ne 10 is used instead of piperazine. The
pol i shing performance of the slurry conposition is
eval uated by the sane procedure as described in
Exanpl e 1. [Conparative Exanple 5] 15 A slurry
conposition is prepared in the sanme manner as in

pib%aaphfe 1. exegpt kgﬁ%gﬁgggﬁgﬁ%k'%?m?ﬁELaC%Qnt 1 slurry

used.  The polishi e o e slurry
ktion,i |.uat ed sane edur . .
B T S s
Ex'%h?ﬁ%rfd in Exanples 1 to 3 and Conparative Exanpl es.
0 5 and the polishing performance thereof are
shown in Table 1. 18 u~ mOtf) d 61 Om '~ Nrl NN
ri "HNrl UNNNNNNNN Gm 0 WmNMOIOC
'H'H'Hti '"H'H x ~ 0000000

RGN LEL R
A slurry composition is prepared in the same manner as

in Example 1, except that colleidal silica particles having a
primary particle diameter of 50 nm are used instead of those
having a primary particle diameter of 20 nm and ethanolamine
is used instead of piperazine. The polishing performance of

the slurry composition is evaluated by the same procedure as

described in Example 1.

[Comparative Example 5]

A slurry composition is prepared in the same manner as
in Example 1, except that no acetylene surfactant is used.
The polishing performance of the slurry composition 1is

evaluated by the same procedure as described in Example 1.
The slurry compositions prepared in Examples 1 to 3 and

Comparative Examples. 1 to 5 and the polishing performance

thereof are shown in Table 1.
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the acetylene surfactant reduces the number of LLS defects and
the optimum particle diameter of the silica particies results
in a reduction in the number of LLS defects, hazé and surface
roughness. In addition, the combination of the acetylene
surfactant and the heterocyclic amine leads to. a marked
reduction in the number of LLS defects.
As apparent from the above description, the slurry
composition of the present invention can reduce the number of
LLS defects having a size larger than about 50 nm formed on

the surface of silicon wafers, and can reduce the haze and

surface roughness of silicon wafers.

Many modifications and other embodiments of the
invention will come to mind to one skilled in the art to which
this invention pertains having the benefit of the teachings
presented in the foregoing descriptions. Therefore, it is to
be understood that the invention is not to be limited to the
specific embodiments disclosed and that modifications and
other embodiments are intended to be included within the scope
of the appended claims. Although specific terms are employed
herein, they are used in a generic and descriptive sense only
and not for purpcses of limitation, the scope of the invention

being defined in the claims.
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O-f N 19 LO As can be seen fromthe results of Table

1, the use of the acetylene surfactant reduces the

nunber of LLS defects and the optinmum particle

di aneter of the silica particles results in a

reduction in the nunber of LLS defects, haze and

sur fgager 5t d QughResszcln addition, the conbination of

the acetylene surfactant and the heterocyclic am ne

| eads to a marked reduction in the nunber of LLS

defects. As apparent fromthe above description, the

sluryy ,c Lti f.the present i.nvent.i on can,

edubl Pnd Raaber Foo1b 0E SRR Bbt £havihg a tadahing of

.l arger than about 50 nm fornmed an.the surface of o
Slg% feof® F%Ts%ggnf A ¥r SRS S Offa W d S 188y fgenized

oughness of silicaon wafers. Many nodifications and
waPher ABRBSAT o OFLERe ¢ nVBREPSHSW Y GBfBtro ™ AEteT-
o one skilled in the art to which 15 this invention _

SOpaPt%i s Harchy fReabeheRe ctutffetephehiiigs? prefsmcaFlic

in the foregoing descriptions. Therefore, it is to be
anyi@ler stood that the invention is not to be limited to

the specific enbodi ments disclosed and that

nodi fications and other enbodi nents are intended to

be included within the scope 20 of the appended

cl ai #s. Th¢ t bty spepiosiic iver ascardirppt@yekhithel,eiwherein

they are used in a generic and descriptive sense only
thandanetyfare punpdsesaot | icompatsen, éshe scepeleafe t hkelcohol

i nvention being defined in the clains.
represented by Formula 1

RiR. (CH) CC=CH {1)
wherein R; and R; are each independently {(OCH,CH,),OCH,CH;

in which n is from 0 to 10.

3. The slurry compbsition according to claim 1, wherein
the acetylene surfactant comprises an acetylene glycol
represented by Formula 2

R1R2 (OH) CC=CC (OH) R1R; {2)

wherein R; and R; are each independently (OCH,CH;),OCH;CH;

in which n is from 0 to 10.
4. The slurry composition according to claim 1, wherein

the acetylene surfactant is used in an amount of about 0.00001

to about 0.008% by weight, based on the total weight of the
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20 WHAT IS CLAIMED IS: 1. A slurry conposition useful
for final polishing of silicon wafers, the slurry
conmposition conprising deionized 5 water, abrasive
particles, a pH adjusting agent, a water sol uble

t hi ckener, an acetylene surfactant, and a heterocyclic
amne. 2. The slurry conposition according to claim1l,

s1Whe! emeg&Q*EﬂﬁgQﬁﬁ&yl%nglﬁpEégcé mrigespan polishing

n
ace y en represente ornu a f

(%%%gj 1) wherein Rl and R2 are each
n&epgﬁ%en yE%OCHQCHQ)nOCHQCHB in which nis fromO

to 10. 15 3. The slurry conposition according to claim
1, wherein the acetyl ene surfactant conprises an

acet C re resented by Fornmula 2
o For ) BERELL Ry RO 5) 0 e R ng Rmat e vherelr
each |nf endently (OCH2CH2) nOCH2CH3 i n which n
ther greBY %g osmafacméltseer Pyeeoh%oem tARHIEC Ot ebﬁgtt% 00003
claim1, wherein the acetylene surfactant is used in
oy hgvtut- 098 Saloutves. 30 Pasesl 1 dsuttatajosmisght of the
wei ght, based on the total weight of the 21 slurry
s1¥swposPIPoR tint thatdilsutédubed opefarse Use tihethe polishing

polishing of silicon wafers.
of silicon wafers.

6. The slurry composition according to claim 1, wherein

the heterocyclic amine comprises a heterocyclic amine selected

from piperidine, l-ethylpiperidine, 1-(2-
aminoethyl) piperidine, piperazine, l-ethylpiperazine, 1-
aminoethylpiperazine, l-hydroxyethylpiperazine, 2~

pyrrolidinone, and mixtures thereof.

7. The slurry composition according to claim 1, wherein
the heterocyclic amine is used in an amount of about 0.0001 to
about 0.5% by weight, based on the total weight of the slurry
composition that is diluted before use in the polishing of

silicon wafers.
8. The slurry composition according to claim 1, wherein

the heterocyclic amine is used in an amount of about 0.001 to

about 0.3% by weight, based on the total weight of the slurry
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5. The slurry conposition according to claima1,

wherein 5 the acetylene surfactant is used in an

anount of about 0.00003 to about 0.003% by wei ght,

based on the total weight of the slurry conposition

that is diluted before use in the polishing of

silicon wafers. 10 6. The slurry conposition according

akm 1 er.ej Ny. clic am conpr._ses

ol L0 R M IR AR TS, B MRt iRy or
Siﬁigggyagkgfgidine, 1- (2- am noet hyl) pi peri di ne,

pi perazine€, 1-ethyl pi perazi ne, 1-

am noet hyl pi perazi ne, 1-hydroxyethyl pi perazine, 2- 15

pyrrolidinone, and m xtures thereof. 7. The slurry

conpQsi %on ?ccordin to claiml, wherein the

het e OC& Fi E-3AT HeCPEPLREd 9 a5r xABliAtL Taf Capdt 1, wherein

0.0001 to about 0.5% by wei ght, based on the total
EhGe PERESHYS (i 1 Giesy COBPESRP 09 Hidealh &t 1 sa dpa ki kel es -

before use in the polishing of silicon wafers. 8. The

slurry conposition according to claim1l, wherein the

heterocyclic amne is used in an anmount of about 0.001

to 28.abbatsbisoy empeisghitonbased ding He deam heigivrein

of the slurry 22 conposition that is diluted before
thgseabnashee patdghicdgsof hagel i aon awdmergs Prifheys| paryicle

conmposition according to claiml1, wherein 5 the
digheast vef parautc|lés tooapoiuse7@ain.oi dal silica

particles. 10. The slurry conposition according to

claim1l, wherein the abrasive particles have an

average primary particle

11. The slurry composition acceording to claim 1, wherein

the abrasive particles have an average primary particle

diameter of about 20 to about 30 nm.

12. The slurry composition according to c¢laim 1, wherein
the abrasive particles are used in an amount of about 0.01 to
about 10% by weight, based on the total weight of the slurry
composition that 1is diluted before use in the polishing of

silicon wafers.

13. The slurry composition according to claim 1, wherein
the abrasive particles are used in an amount of about 0.05 to
about 7% by weight, based on the total weight of the sliurry

composition that is diluted before use in the polishing of

silicon wafers.
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di ameter of about 10 to about 70 nm 10 11. The slurry
conposition according to claiml1, wherein the
abrasive particles have an average prinmary particle

di anmeter of about 20 to about 30 rim 15 12. The
slurry conposition according to claim1, wherein the
abrasive particles are used in an anount of about 0.01
to about 10% by wei ght, based on the total weight of
the slurry conposition that is diluted before use in
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the slurry conposition that is diluted before use in
the polishing of 25 silicon wafers. 23 14. The slurry
conpggltlon according to claim1, wherein the slurry
conp Pt ToR Pras pﬂquPSéBb% L ERH GG Ciilm51r15?"hereln
The slurry conposition according to claim1, wherein
thenpH e B idig Fgeageht M8Uefoni a. 16. The slurry
conmposition according to claim1, wherein the
wat er - sol ubl e t hi ckener conprises a polyner having a
10 hydrophilic group. 17. The slurry conposition
accol i nghe osblmymcbmpalet eon atcdmrdiatetosollabiel, wherein
t hi ckener conprises a thickener sel ected
the water-soluble thickener comprises a polymer having a

t

D"

hydrophilic group.

17. The slurry composition according to claim 1, wherein
the water-soluble thickener comprises a thickener selected
from polyvinyl alcchol, pelyvinylpolypyrrolidone,
polyoxyethylene, hydroxyethyicellulose,

hydroxypropylcellulcse, and mixtures thereof.

18. The slurry composition according to c¢laim 17,
wherein the cellulose compounds have a weilght average

molecular weight of about 300,C00 to about 8§,000,000.

19. The slurry composition according tco claim 1, wherein
the water-soluble thickener is used i1n an amount of about
0.001 to about 0.5% by weight, based on the total weight of

the slurry composition that is diluted before use in the
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from pol yvi nyl al cohol, polyvinyl pol ypyrrolidone, 15

pol yoxyet hyl ene, hydroxyet hyl cel | ul ose,

hydr oxypropyl cel | ul ose, and m xtures thereof. 18. The

slurry conposition according to claim 17, wherein the

cel I ul ose conmpounds have a wei ght average 20

nol ecul ar wei ght of about 300, 000 to about 8, 000, 000.

Lon according to claim1,

poéﬁg?éﬂﬁ thejﬁﬁﬁg?Qgg%E%Ie thi ckener is used in an

anount of about 0.001 to about 0.5% by wei ght, based

on the total meight of 25 t he slurry conposi tion that

i's d ut bef ore use i he 24 |sh|ng f.silicgn _ .
wat ofd" 5 HES; [BRpoRukhen fiat feid 4 et
n the slurry conposition has a VI cosity

thsbs@@raw%%%ﬁon a0 AP0 Py iinio 2bout

polishing of silicon wafers using the slurry
50¢ osition according to claim1l. 25

21. A method for final polishing of silicon wafers using

the slurry composition according to claim 1.
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