POLI SHI NG SLURRY COWVPCSI TI ON BACKGROUND OF THE | NVENTION [ Fi el d of
the I nvention] [0001] The invention relates to a polishing slurry
conposition, particularly to a polishing slurry conposition used in
chem cal mechanical polishing (CWP) to renove netal thin filnms and
effectively control the extent of dishin Descri |on of Rel ated
Art] [0002] Chenmi cal nedﬁahHﬁHPKbSLUgﬁﬂhg ‘Pﬁ@jﬁ cess of renoving
material (e.g. deposited thin filns) by applying a conbination of
chem cal reactions and nechani cal polishing. Chem cal nechani cal
pol i shing can make the surface of a material snoother and nore even.
Chem cal nechanical polishing is often used to renove the excess
nmetal filmin a typical manufacturing process of sem conductors, so

as to forma netal 'nterER@R‘?‘{ﬁ(ﬁBﬂlD 5@rT}%ﬁqphﬁTiﬁg]cause of the

developnent of Danascene manuf acturing process, em cal nmechani cal
pol i shin C used in the manufacturing process of the
copper ﬁ?gﬁ'gﬂﬁe@WF Wn 0003] In the manufacturing process of
chenlcal nmechani cal pol.i e wafer is typically fixed to a
carrier &fPlpr e@%f‘eél“’&@té?%ﬁiatés ﬁm §H¥‘ﬂ‘(j"%oéh‘rfYAﬁomﬁ‘é“%%fré’attI%rlYato a
polishing slurry is conveyed to the surface of the polishing pad. The
pol i shi ngokshimg sluepwo@bestidansggd arvbemics! ofeclypmidas pbhthigga(ENE) tsrearnde
various kinds of chem cals which react with a material to be

pol i shed mes4) tigis fil:@s ghdbs@cviecly kent@tter xaént@f disdinor m conpounds, and
the conpounds are renpved by the polishing particles due to

nechanic?be§J¢ﬁéﬂ5mRa§B&h§tpollshlng pad spins or noves. [0004] Even
t hough chem cal nechani cal "polishing is wdely enployed in the

manuf act z(gd ¢ péQ&ﬁ%@C%Ld%%{gap%gﬁ%% rlg,ﬂéé b écﬁké 'ofci%xﬁ%ﬁ& AN

defects as 'scCra ng, rosi ese pro

remain tq be. s lve MVARY .OF THE | NVENTI 0 The invention
brovi des dSP4SEFY &) %&{@Lﬂm ?RPYBGB%ﬁ&QP’Lb?‘HHOWf chotbrr b@%?%ﬁ gt b

di shing caused by chem cal nechanical polishing. [0006] The invention
provi des palipng. s hhgmistluimephaienbopelishing  paitimakien dhea swidseei ohiac material
surfactant. The non-ionic surfactant is represented by the foll ow ng
formul a 6jpotRe( HRCrHX)EhOBhanival me¢HanidadPOlidhingniswbftanhuskd its ramove the
integer from1l to 50. [0008] According to the polishing slurry

conposi t kRdks®meain figA ROl kymRal nhufab@rind pestlebOHY, sehidchdddtolsNéceBeb form a
between 7 and 40. [0009] According to the polishing slurry

e ?zs%é%@ﬁérf%i‘gyﬁ?)ﬁi‘{a%@
, C6- o) | al k | al
L0010} ABEBHERG "6 05 BT Ee R e Rt TP PO e WnteBrnce

surfactant is represented by fornula (2), HSC(CHZ)OCXC}Q) CH3
[0011](C@ﬁﬁEﬁQwRnEHFWQWﬂﬁ&“FZ?PPGG¥Q¥WH@¥@Pn m+ n is an integer
between 2 and 15. [0013] According to an enbodi nent of the invention,
a cont en{0M®B] t hles thomanohcrisgmierssant chemibadtmesdaniSalppdiskingl 50 @G ppm
based on the total weight of the polishing slurry conposition.

[0014] Aegadatliyfiketl Qo ancagiidramhidnmedsedbhgding 4 pMehtngophd. a Acold eddlic el he
non-ionic surfactant is between 10 ppm and 1000 ppm based on the

total welgfnigf slﬁx‘?ﬁ iPQInvSRING 15 Wikake %‘P@Iﬁpﬁéﬁs'h% pddO0FRE pOEEALnGy t O

an enbodi ment of the 1 nvention, the polish Furry conp05|t|on

further !cgzﬁallfjlgeféslg@ am%)t(lhtglozfl n&lsﬁ%ﬁ ;galtlcies and various kinds of chemicals which
react with a material to be polished, so as to dissolve the material or to form compounds,

and the compounds are removed by the polishing particles due to mechanical friction as

the polishing pad spins or moves.



[ 0016] According to an enbodi nent of the invention, the oxidizing
agent is one or nore selected froma group consisting of pernmanganate
salt, peroxyacid, iodate salt, oxybrom de salt, eerie salt, bromate
salt, hydrogen peroxide, chlorite salt and hypochlorite salt. [0017]
According to an enbodi nent of the invention, a content of the

oxi di zi n@o%ﬂe ntEveas@gugin cheraicebtagehopipgd hpolishinghis  piddely Hinngdoxsidu pry yhe
conposition is between 0.5% and 10% [0018] According to an

enbodi memtnwfctotier ipowesd | adn serhivenguatdrs hitngtils | areatgs compodeteetonsuichr tiher
i ncludes polishing particles. [0019] According to an enbodi nent of
the i nvegtdieiing, 2008062 Md @hhihhe PRdsk pRibnPRMAInGbes sbrRegd on the
total weight of the polishing slurry conposition is between 100 ppm
and 5000 ppm [0020] According to an enbodi nent of the invention, an
average di aneter of the polishing particles is between 5 nm and 300

nm [0021] According to a ' t t i ntion, an average

di aneter of the polishinggygﬁﬁ%@¢£§%ﬂgﬂ%g%&ﬁ§hﬂéﬁnn1and 100 nm [ 0022]
According. to an_enbodi ment of the invention, the polishing particles
are one @P‘)ﬁ?ﬂnr dhgeinzedtion progifica gmoUphiss rlirst FHYPOTIE] |W11&3h cHeewicte,
al um num oxi de, cerium oxide, zirconium di oxide and titani um di oxi de.
[ 0023] Aobibitddishingsasned bytsbeinimehimedfanichkepdlishiegt i on, a pH val ue of the
polishing slurry conposition is between 5 and 11. [0024] According
to an enioooid]me The dfiventien iproredidsi Dpolishitg oty sdhpgitsdnuine yd @ asi-idnn
further includes a pH adjustor. [0025] According to an enbodi nent of

the i nveptf@nt. t Neie Bbh-AcHi&8LPletdn® is9BFre MniHyahS RI BN SH oM (®):9r oup
consi sting of potassium hydroxide, triethandl am ne,

2,2,2-nitril pet R {idy, sulfuric acid, oxalic acid and
citric acid.qFBOZGRﬁggétkngj2§§g§%k£nbodinent of tfeenulavéntion, a
content of the pH adjustor based on the total weight of the polishing
slurry dooppsi tin eflichs ib appiteded fibeh 0@Dspm [ 0027] According to an
enbodi nent of the invention, the polishing slurry conposition further
| ncl udes ggoghelabbimeaaefe pbRAZA! AEGOLhAGILA BN ArGASidTREL. B dde
i nvention, the chel ati ng aggnt I ncl udés 1 norgani c acids, organic

aci ds o&ngnkno acids.t%OQQXQ quo% i-ng to an enbodi nent of the

i nventioh, e théar’ 3‘5@ Tt 1 &%Ne or nmore selected froma group
consi sti f citrigc acid, diethylepetriam nepentaacetate, anmoni um
oxl at e, Ddpdtar FYeceiding, okt ipeh%{elilgjﬁp%ﬂ EPEPOSEI e, of 481 §Bbokimgnt of the
succinic acid, histidine, alanine, glycine, aspartate, glutam ne,
serine andendiogi Riineclef@dIoim Acgrovpliconsittiogant aethoetionaky! gbup,heC3-C50
invention, a content of the chelating agent based on the total weight
of the [oldisaiyhlgl sbup,rayCearspashtylaRyl goleintesds-C53 YhamdalkPoeroff031]
According to an enbodi mrent of the invention, the polishing slurry

conposi tipom|f Ucb&diden®! M6 embadinfeal 6P hOMvERInDIHORon-[RA3Al AGSOT & NY
to an enbodinent of the invention, the corrosion inhibitor is one or

nore sel, r r consisting of I -H benzotriazole, N acyl
sarcosiHaﬁ%%gg%gﬁﬂ%ﬁﬂg%gggcylsulfate, tolyltriazole, 5-amno
tetrazol e, 3-anino-1,2,4-q{iazole, 4-am no-4H1,2,4-triazole, 3
-nitro-l,2,4-t;ﬂ@zokghmalquq@pEﬁﬁéHg,4-triazole,

1H1, 2, 3-triazole-et hanol ,| benzi'm dazol e, im dazole, pyrrole,

pyrroliregligxazol e, isoxazaice,,CHygarol e, indolizinedbﬁn@a@gtriazole,
1,2,4-triazol e, nethyl benzotriazol e, 2-nercaptobenzot hi azol e,

benzyl i gg@pﬂdid%g;egf @apxqisre% ih@g%@@é?wle&rzé | i dene di oxot et rahydro
an

t hi azol odecyl benzene sulffonic acid. [0033] According to an

omooel orBbrA"  SUEMRATT b B PGS T B ) COBhg0ed DV e
between 1 ppm and 1000 ppm [0034& According to an enbodi nent of the
i nvent i oHa¢tRy 1pGRvEEN RgPRIT @0 dy 000 ppEshased AN thfr ok rvaigiE | af dak palishing

slurry composition.




DESCRI PTI ON OF EMBODI MENTS [ 0039] The enbodi nents of the invention
provi de a polishing slurry conposition which is used, for exanple, as
a polishing slurry applied on netals in chem cal nechani cal
polishing. The polishing slurry conposition includes polishing
particles, an oxidizing agent and a surfactant; aside fromthese,
addi t i vel90ddlch Apsorlinh&l aniantpodiaent of e ghventignj aswostenhed thgn non-ionic
corrosion inhibitor can al so be added according to need. Application
of the ahmfsetanentbiconed figipns hnd OB ppm pasonpoidk ttolahweight biethe galishing
mechani cal polishing effectively reduces dishing. Each constituent of
t he polighirPgompbstjorcomposition is described in detail below [0040]
An enbodi nent of the invention provides a polishing slurry

conposi tj i i f es,a ionic The Atk QNI G e
cur T act AP L" Aot 8o CefiBBaRR| o hd BEVaTon. (U8 BERPKE S
H2) 5(- OHf or nul a g%@g%OQi%& wherein X istan i nt eger between 1 and 50,
and pr ef SFHSYOBSPRRE A EAG" 281 H0WETR is, for exanple, sel ected
froma group consisting of a C3-050 al kyl group, a C3-050 .

hydr oxyaﬁ%g} griseprding ©sanesbedimey! all yiinyntop he®xiidae egent is one or
phenyl al kyl group. [0043] The structure represented by fornula (2)
shown beinow $cdectad Bxanp kwupfcoasisepg of pammngymis salu gtenreyatidr iddatenmalta
(1): H3C(CF12)n C(CH2),-7,-CH3 (OCH2CH2) TCH formula (2) [0044]
wher ei n @Rybramils eult, | sdriegedlt, bbionean Altantdidpen| P&b2]de) rthinite ndadiument
of the invention, a content of the non-ionic surfactant based on the

total wehgRtnefitdg polishing slurry conposition is between 5 ppm and
5000 ppm” and preferably between 10 ppm and 1000 ppm [ 0046]

:}’3; teg‘érer[’oo‘i Pe PRLLARING o8 HHMirS TR B il N8, oL L5itdnl ¥ BAE LRI TRY agent
based on the total weight of the polishing slurry composition is between 0.5% and 10%.
[0018] According to an embodiment of the invention, the polishing slurry
composition further includes polishing patticles.

[0019]  According to an embodiment of the invention, a content of the polishing
particles based on the total weight of the polishing slurry composition is between 100
ppm and 5000 ppm.

[0020] According to an embodiment of the invention, an average diameter of the
polishing particles is between 5 nm and 300 nm.

[0021] According fo an embodiment of the invention, an average diameter of the
polishing particles is between 5 nm and 100 nm.

[0022]  According to an embodiment of the invention, the polishing particles are one
or more sclected from a group consisting of silicon dioxide, aluminum oxide, cerium

oxide, zirconium dioxide and titanium dioxide.

[0023] According to an embodiment of the invention, a pH value of the polishing

L




i nclude an oxidi zi ng agent and polishing particles. The oxidizing
agent is used to oxidize an object to be polished, such as a netal,
so as to forma netal oxide, and the netal oxide is renoved

mechani cally by the polishing particles in order to achieve

pl anari zation or renoval. [0047] In an enbodi ment of the invention,

t he oxi dblzisigoagesition i bsheeedr> andrld- sel ected from a group consisting
of permanganate salt, peroxyacid, iodate salt, oxybromde salt, eerie
salt, brfiade satdordihydtoogen gpdrodihee, of hthor itvental,t tiengoliyipog hiloniyt e
salt. A content of the oxidizing agent based on the total weight of

the pol i shhpésitdiifultteiCiaNOs 4 pI9adjweusr.be bet ween 0. 5% and 10% [ 0048]
In an enbodi nent of the invention, a content of the polishing

parti cl ef@gg@?edfk%r&ing t(glg%@rlnb%{ngﬂtt %%é%ﬁﬂ%mpﬁ itl%]é/@qgiglgﬂdf {Yone or morg

conposi t S betwee ppm an ppm An average dianeter o

the polishing, particles may be betweep 5 nm and, 300 n 1y .
br e ot ab ) B8t haBH £° At PO0STIA - TDONREEE Al YL, o hapolamipe.
the polishing slurry conpasition affects the ability of .the polishing
slurry cérposittloBisthagobritye aeds wifugppeids oxadic pad gad cineacidt he
polishing slurry conposition of the invention may further include a
pH adj ust®26i o Adjouding tihhen phtbedinumt of thdhmvpatidans higogtest of the pH adjustor
conposition. In this enbodi nent, the pH value of the polishing slurry
conposi t bgad os thd otal @x&ipbethe Boliveensibrraosinpdsitidr0i83qipnl #@ @000 ppm.
enbodi mrent of the invention, the pH adjustor is one or nore sel ected
from a it COA&opdih P 91T anP UnftRRli R NYAr QX1 BRentidd, Rangliahdesturry
2,2,2-nitrilotriethandl, nitric acid, sulfuric acid, oxalic acid and
citric agid. A. nt. af .t he ad] or based on the total weight
of the p%ﬁﬁ ‘ﬁ%%ﬂghﬁ?ﬁn@8ﬁ%ﬁ§¥§F%ﬁg%é%abe between 5 ppm and 10, 000
ppm [00 ccor di to an odi ne of the invention, the .
pol i shi ngﬂlobﬁﬁr i A9 e GRARIHE e rgadony ttszl%lﬁff%a%?aémC.‘udfﬁe
chelating agent is used to react with materials that adhere to the
surface oorgane asijseeiganio apids pomsneadidind are resistant to poli shing,
so as to renove the materials. The chel ating agent may i ncl ude
i nor gani f0028] dsAcwedjagite aachisdinamt affithroinacitds, thEhehetinap apemtgs age
is one or nore selected from for exanple, a group consisting of
citric aglgh séb@thyloanatdrb@ncoepenbaacatat fid, aBmplcHan@nlpentaacetate,
tartaric acid, oxalic acid, maleic acid, lactic acid, succinic acid,
hi sti di “Emp%hﬁl% %%n@!t}{ﬁé&ea Ting E%lfcaéé?d, ShitARLAC acHELRE Sﬁ'{ﬂ:‘{]nic acid,
argi nine. T'n an enbodi nent oF 't he I'nvention, a content of the
chel ati ng. agent based, on the total weight of the palishing slurry
Composi t MSATHE PP iReal e SparicAuimiBossie Abd gt o an
enbodi ment_of the invention, the polishing slurry conposition further
i ncl udesIMHOE orfesgrding fod pnbastimerted thooinsetips: a eoEeH ortirehelating agend
corrosion inhibitor is one or nore selected from for exanple, a
group cobased bhmige tofal elghbehthopolishind SurriNeaoydsitsaris bsiweat 8,1 YaambHi%am
dodecyl sul fate, tolyltriazole, 5-am no tetrazole,
3- am no- (5031 f- t AdRZDhE, toA-aaMechthodihént 208 -the i 8%hiton, the polishing slurry
3-nitro-1,2,4-triazole, 3 -nercapto-1,2,4-triazole, 1H1,2,3
-triazol gyt hangl furhenaliThdanebiosiblifagrle. pyrrole, pyrroline,
oxazol e, 1soxazole, indazole, indolizine, 1,2,3-triazole,
1,2,4-trj e, , et hyl benzotriazol. e, .2-.nercapt.obenzot hi Le, .. .
penzy! | lRE%k ATPLIYS R SRS o LSRR BR EORRL BB G s o
t hi azol e and dodegy_benzene sul foni,c aciﬂ. Ln an,enbo?%neqt of the
i nvent i ofOr% SEIGRER KBS 2t HEUR Tisiinh afnhitbPBPiripasied NoAcH neareasinafe,
wei ght of the polishing slurry conposition is betweenl 1 ppmto 1000
ppm [ 0088inopsebrdidagylswiagm ehbodizaentS-ohinphéetianslent3-aminotlbd-triazole,
polishing slurry conposition further includes an aqueous carrier such
4-amino-4H-1,2,4-triazole, 3-nitro-1,2,4-triazole, 3-mercapto-1,2,4-triazole,



[ 0058] Wafer type: 8 inch copper blanket wafer / M T-854 patterned
waf er [0059] Polishing pad: Praxair, 8 inch Dura polishing pad [ 0060]
Downward stress: 3.0 psi [0061] Polishing slurry flowrate: 150 m /
m nute [0062] Pl ate/polishing head speed: 93/87 rpm [ 0063] Poli shing
time: 1 mnute Table 1 Polishing G ycine Hydrogen Pero Benzotriazol e

parti cl e lEoh2enitiazelesthenel ebenzovidpenie.( ipidazdle. Savgnle pyrropppe, oxazole,

isoxazole, indazole, indolizine, 1,2,3-triazole, 1,2,4-triazole, methylbenzotriazole,
2-mercaptobenzothiazole, benzylidene  dioxotetrahydro  thiazole, thenylidene
dioxotetrahydro thiazole and dodecylbenzene sulfonic acid.

{0033] According to an embodiment of the invention, a content of the corrosion
inhibitor based on the total weight of the polishing slurry composition is between 1 ppm
and 1000 ppm.

[0034] According to an embodiment of the invention, the polishing slurry
composition further includes an aqueous carrier.

[0035] According to an embodiment of the invention, a content of the aqueous carrier
based on the total weight of the polishing slurry composition is between 50% and 99%.
[0036] According to an embodiment of the invention, the aqueous carrier includes
deionized water.

[0037] Based on the above, the invention provides a polishing slurry composition that
improves the remove rate of chemical mechanical polishing and reduces the dishing
caused by the chemical mechanical polishing.

[0038] o elucidate the above-mentioned features and advantages of the invention,

embodiments and their corresponding figures are described in detail below.

DESCRIPTION OF EMBODIMENTS
[0039] The embodiments of the invention provide a polishing slurry composition
which is used, for example, as a polishing slurry applied on metals in chemical
mechanical polishing. The polishing slurry composition includes polishing particles,

an oxidizing agent and a surfactant; aside from these, additives such as a chelating agent,



Content ( %) ( 9,(] ) ( %) Recipe 01 0.05 1.2 0.9 15 7.00
Recipe 02 0.25 1.2 0.9 15

a pH adjustor and an corrosion inhibitor can also be added according to need.
Application of the above-mentioned polishing slurry composition in chemical
mechanical polishing effectively reduces dishing, FEach constituent of the polishing
shurry composition is described in detail below.

[0040] An embodiment of the invention provides a polishing slurry composition
which includes a non-ionic surfactant. The non-ionic surfactant is represented by the

following formula (1):
R (OCH,CHy)x-OH formula (1)

[0041] wherein x is an integer between 1 and 50, and preferably between 7 and 40.
[0042] R is, for example, selected from a group consisting of a C3-C50 alkyl group, a
C3-C50 hydroxyalkyl group, a C6-C55 benzylalkyl group and a C6-C55 phenylalkyl
group.

[0043] The structure represented by formula (2) shown below is an example of a

representative structure for formula (1):

H
HaC——(CHo)a——C——(CHy)m~CHs

(OCH,CH,)OH formula (2)
[0044] wherein m + n is an integer between 2 and 15.
[0045] In an embodiment of the invention, a content of the non-ionic surfactant based
on the total weight of the polishing slurry composition is between 5 ppm and 5000 ppm,
and preferably between 10 ppm and 1000 ppm.
[0046] Moreover, the polishing slurry composition of the invention may further
include an oxidizing agent and polishing particles. The oxidizing agent is used to

oxidize an object to be polished, such as a metal, so as to form a metal oxide, and the



7.00 Recipe 03 0.5 1.2 0.9 15 7.00 Recipe 04 0.1 0.5 0.9 15 7.00
Recipe 05 0.1 1.2 0.9 15 7.00 Recipe 06 0.1 2.5 0.9 15

metal oxide is removed mechanically by the polishing particles in order to achieve
planarization or removal.

[0047] In an embodiment of the invention, the oxidizing agent is one or more
selected from a group consisting of permanganate salt, peroxyacid, iodate salt,
oxybromide salt, ceric salt, bromate salt, hydrogen peroxide, chlorite salt and
hypochlorite salt. A content of the oxidizing agent based on the total weight of the
polishing slurry composition may be between 0.5% and 10%.

[0048] In an embodiment of the invention, a content of the polishing particles based
on the total weight of the polishing slurry composition is between 100 ppm and 5000
ppm. An average diameter of the polishing particles may be between 5 nm and 300
nm, and preferably between 5 nm and 100 nm.

[0049]  Because the pH value of the polishing slurry composition atfects the ability of
the polishing slurry composition to oxidize the object to be polished, the polishing
slurry composition of the invention may further include a pH adjustor to adjust the pH
value of the polishing slurry composition. In this embodiment, the pH value of the
polishing slurry composition is, for example, between 5 and 11,

[0050] In an embodiment of the invention, the pH adjustor is one or more selected
from a group consisting of potassium hydroxide, triethanolamine, 2,2,2-nitrilotriethanol,
nitric acid, sulfuric acid, oxalic acid and citric acid. A content of the pH adjustor based
on the total weight of the polishing slurry composition may be between 5 ppm and
10,000 ppm.

[0051] According to an embodiment of the invention, the polishing slurry
composition further includes a chelating agent. The chelating agent is used to react with

materials that adhere to the surface of the object to be polished and are resistant to




7.00 Recipe 07 0.1 5.0 0.9 15 7.00 [0064] The test results of the
renove rate and dishing of the polishing slurries made fromrecipes 1
to 7 are listed in Table 2. Table 2 Sanple Renpbve Rate ( A/m nute )
Di shing A @om pm Reci pe 01 8850 1350 Reci pe 02 9750 1750 Reci pe 03

10000 2000 Reci pe 04 _ ) ) ) . _
polishing, so as to remove the materials. The chelating agent may include inorganic

acids, organic acids, or amino acids. The chelating agent is one or more selected from,
for example, a group consisting of citric acid, diethylenetriaminepentaacetate,
ammonium oxlate, tartaric acid, oxalic acid, maleic acid, lactic acid, succinic acid,
histidine, alanine, glycine, aspartate, glutamine, serine and arginine. In an
embodiment of the invention, a content of the chelating agent based on the total weight
of the polishing slurry composition is between 0.1% and 10%.

[0052] According to an embodiment of the invention, the polishing slurry
composition further includes an corrosion inhibitor used to adjust the remove rate,
The corrosion inhibitor is one or more selected from, for example, a group consisting of
1-H-benzotriazole, N-acyl sarcosinate, ammonium dodecylsulfate, tolyltriazole,
5-amino tetrazole, 3-amino-1,2,4-triazole, 4-amino-411-1,2, 4-triazole,
3-nitro-1,2,4-triazole, 3-mercapto-1,2,4-triazole, 1H-1,2,3-triazole-ethanol,
benzimidazole, imidazole, pyrrole, pyrroline, oxazole, isoxazole, indazole, indolizine,
1,2,3-triazole, 1,2,4-triazole, methylbenzotriazole, 2-mercaptobenzothiazole,
benzylidene dioxotetrahydro thiazole, thenylidene dioxotetrahydro thiazole and
dodecylbenzene sulfonic acid. In an embodiment of the invention, a content of the
corrosion inthibttor based on the total weight of the polishing slurry composition is
betweenl 1 ppm to 1000 ppm.

[0053] According to an embodiment of the invention, the polishing slurry
composition further includes an aqueous carrier such as deionized water. A liquid or
paste-like polishing slurry composition is obtained by adding the afore-mentioned
oxidizing agent, polishing particles, pH adjustor, surfactant, chelating agent and

corrosion inhibitor into the aqueous carrier. In this embodiment, a content of the



8500 1250 Reci pe 05 9650 1450 Reci pe 06 17000 2200 Reci pe 07 27500
2800 [0065] As observed from Tables 1 and 2, higher content of
glycine (chelating agent) result in higher renove rate and hi gher
depth of dishing. On the other hand, the renobve rate and the content
of polishing particles do not exhibit significant correlation.

| nst ead, aquleuskayptier hapedions thie tejalbedishied the polsningisinry erenrasE Y ip Aetpigan
content of polishing particles. [0066]1n industrial applications,

t he renoM&otap@omust be high (for exanpl e higher than 9000 A/ m nute)
in order to increase throughput. On the other hand, the depth of

di shi ng mos4] bedigpirativ@Wahd) @péahedtsl granEled et tdigenqbaloit Yo afonbRldlgh.
Therefore, recipe 5 which neets the required renpbve rate is chosen to
conduct 0l j COMp i : i : I

For decrSa Y R Do e T B P TR
Exanple 1 (Reci 8 to Recipe,13) [0067] The polishing slurry

conposi t 7) ”|nﬁn%g?ﬁ?§}p§‘fsl %}%enggfé%l e 1 has the sane content of

chel ating agent_. (gl ycine), polishing particles (colloidal silica),
oxi di zi n®oéglentl?n(sgy%/? dtjsh opepiishirge partigles, ehstating; assnt, ridizipg agent, and
(benzotriazole) as recipe 5 does. [0068] A surfactant (sodi um dodecyl
sul f at e, catwdmoyihbiigeinepEuifedni by the camparabhenany dxgenmeniabsanglesdieldy,o
thiazole) is added to a polishing slurry conposition made accordi ng

t o reci pge Doliching eniitiaés tRkecsdidabsilrat with mnr 8erqpesdi8merr b3 Hr end; ikt ed
in Table 3. Wafer polishing tests are conducted to observe the
effects Qfelfingfagb@Nt oBRidca MM B2iAP abETY BydiBLES p@BLidel Sl thEorrddisn
conditions of wafer polishing test§ are the same as those nentioned

above. ﬁ§9&ﬂ£_ Q%ﬁ%nﬁéﬁﬂ le 1 (Recipe 14 and Reci pe 15) [0069] The
pol i shi ng sfurry conposition in experinmental exanple I has the sane

content of chel atin ent (glycine), lishin rticles. (qll oi dal
silica), (0056 i}%ﬁféh‘g%é T ARG é@P@ﬁ%@ﬁmﬁﬁﬁf%? fiysd 3t 8d or
(benzotriazole) as recipe 5 does. [0070] A secondary al cohol

et hoxy| aveler pplishingdesty e cadustedomdpohi follnngeenshiionst the i nventi on
and has the structure R (OCH2C142)x-011, is added to a polishing
slurry cloipdisi tHotishinpdeuipmer 8imt Mioraregoippeenb. | n each of the
foll ow ng experinental exanples, secondary al cohol ethoxylate is

secondarpéom]cohphfepgﬂpy%mh byhRPBlaBkASFafaNMIT-BS4 pARHRALSafbN I eci pes
14 and 15 are listed in Table 3. Wafer polishing tests are conducted

to Obser@gégpejﬁﬁﬁﬁﬁgﬁmﬂﬁ*éﬁﬁOQQ§F¥§ﬂ%ggﬁ%hl Jyoxyl ate on renove

rates an I'shi ngs. e test fesu r conparative exanple 1 and
experinme e le re ljsted in Table 4 (if a rate of renoving
copper mﬁ@ﬁ&% égﬁﬁgﬂégg?%ﬁgprhan 9000 A/ nminute, then the dishing
results are not tested). [0071] In experinmental exanple 1, the wafer
pol i shi n§OebindiRofighag shueyifes whemd Q@ { FBd¥Ee nent i oned above.

[0062] Plate/polishing head speed: 93/87 rpm

[0063]  Polishing time: | minute

Table 1
Polishing Glycine Hydrogen Pero|Benzotriazole
particle Content xide Content |Content{ ppm )
Sample pH
Content (%) (%)
(%)




Tabl e 3 Sanpl e dodecyl sulfate (PPII1) Dodecyl benzene sulfonic acid
( ppm) benzylidene di oxotetrahydro thiazole ( ppm) secondary

al cohol pol yoxyet hyl ene ether pH Recipe 05 0.0 0.0 0.0 0.0 7.00
Recipe 08 25.0 0.0

Recipe 01 0.05 1.2 0.9 15 7.00
Recipe 02 0.25 1.2 0.9 15 7.00
Recipe 03 0.5 1.2 0.9 15 7.00
Recipe 04 0.1 0.5 0.9 15 7.00
Recipe 05 0.1 1.2 0.9 15 7.00
Recipe 06 0.1 2.5 0.9 15 7.00
Recipe 07 0.1 5.0 0.9 15 7.00

[0064] The test results of the remove rate and dishing of the polishing slurries made

from recipes 1 to 7 are listed in Table 2. i
Table 2
Dishing
Sample Remove Rate ( A/minute )
A @100/100 um
Recipe 01 8850 1350
Recipe 02 9750 1750
Recipe 03 10000 2000
Recipe 04 8500 1250
Recipe 05 9650 1450
Recipe 06 17000 2200
Recipe 07 27500 2800

[0065]  As observed from Tables 1 and 2, higher content of glycine (chelating agent)
result in higher remove rate and higher depth of dishing. On the other hand, the
remove rate and the content of polishing particles do not exhibit significant correlation.
Instead, the depth of dishing becomes higher with increases in the content of polishing

particles,

10




[eNe]

7.00 Recipe 09 5
O Recipe 11 0.0 5

7.00 Recipe 10 0.0 25.0 0.0

0.
7.00 Recipe 12 0.0 0.0

0.0 0.0 0.0 0
0.0 0.0 0.0 0
[0066] In industrial applications, the remove rate must be high (for example higher
than 9000 A/minute) in order to increase throughput. On the other hand, the depth of
dishing must be kept low in order to guarantee the quality of polish. Therefore, recipe
5 which meets the required remove rate is chosen to conduct the following comparative
example and experimental examples for decreasing the depth of dishing as much as
possible,

Comparative Example 1 (Recipe 8 to Recipe 13)

[0067] The polishing slurry composition in comparative example 1 has the same
content of chelating agent (glycine), polishing particles (colloidal silica), oxidizing
agent (hydrogen peroxide), and corrosion inthibitor (benzotriazole) as recipe 5 does.
[0068] A surfactant (sodium dodecyl sulfate, dodecylbenzene sulfonic acid or
benzylidene dioxotetrahydro thiazole) is added to a polishing slurry composition made
according to recipe 5. Content of the surfactants in recipes 8 to 13 are listed in Table 3.
Wafer polishing tests are conducted to observe the effects of different surfactants on
remove rates and dishings. The conditions of water polishing tests are the same as
those mentioned above.

Experimental Example 1 (Recipe 14 and Recipe 15)

[0069] The polishing slurry composition in experimental example 1 has the same
content of chelating agent (glycine), polishing particles (colloidal silica), oxidizing
agent (hydrogen peroxide), and corrosion inhibitor (benzotriazole) as recipe 5 does.
[0070] A secondary alcohol ethoxylate, which serves as a non-ionic surfactant of the
invention and has the structure R-(OCH,CH,;)x-OH, is added to a polishing slurry
composition made according to recipe 5. In each of the following experimental

examples, secondary alcohol ethoxylate is secondary alcohol polyoxyethylene ether and




25.0 0.0 7.00 Recipe 1
25.0 7.00 Recipe 15 0.

7.00 Recipe 14 0.0 0.0 0.0

3 0.00.050.00.0
0 0.0 0.0 50.0 7.00 Table 4

its contents in recipes 14 and 15 are listed in Table 3. Wafer polishing tests are
conducted to observe the effects of secondary alcohol ethoxylate on remove rates and
dishings. The test results for comparative example 1 and experimental example | are
listed in Table 4 (if a rate of removing copper with a recipe is lower than 9000 A/minute,
then the dishing results are not tested).

[0071]

In experimental example 1, the wafer polishing conditions are the same as

those mentioned above.

Table 3
secondary
Dodecyl benzylidene
dodecyl sulfate alcohol
Sample benzene sulfonic| dioxotetrahydro pH
(ppm) polyoxyethylene
acid (ppm) (thiazole (ppm )
ether
Recipe 05 0.0 0.0 0.0 0.0 7.00
Recipe 08 25.0 0.0 0.0 0.0 7.00
Recipe 09 50.0 0.0 0.0 0.0 7.00
Recipe 10 0.0 25.0 0.0 0.0 7.00
Recipe 11 0.0 50.0 0.0 0.0 7.00
Recipe 12 0.0 0.0 25.0 0.0 7.00
Recipe 13 0.0 0.0 50.0 0.0 7.00
Recipe 14 0.0 0.0 0.0 25.0 7.00
Recipe 15 0.0 0.0 0.0 50.0 7.00
Table 4
Cu Remove Si Remove | Depth of Dishing
Sample Depth of Dishing
Rate A/min Rate A/min | A@100/100 um




Cu Renove Si Renove Depth of Dishing Sanple Dept h of Di shing/

Rate AAmn Rate A/ mn A@O00/100 um Cu Renpbve Rate Recipe 05
9650 28
Cu Remove Rate

Recipe 05 9650 28 1450 0.150
Recipe 08 9200 17 1350 0.147
Recipe 09 8800 — — —
Recipe 10 8000 - — —
Recipe 11 5500 - - -
Recipe 12 9000 17 1150 0.128
Recipe 13 7900 — — —
Recipe 14 9500 15 890 0.094
Recipe 15 9500 14 850 0.089

[0072] From the results shown in Tables 3 and 4, it is known that benzylidene
dioxotetrahydro thiazole and secondary alcohol ethoxylate (secondary alcohol
polyoxyethylene ether in this experimental example) are both capable of protecting
copper (that is, reducing the depth of dishing), but the ability of the secondary alcohol
ethoxylate to protect copper is even higher. Additionally, as long as a content of the
secondary alcohol ethoxylate does not exceed 50 ppm, the Cu remove rate is not
decreased. Since small depth of dishing and high remove rate are desired, the
polishing slurry compositions are assessed by looking at their ratios of depth of dishing
to Cu remove rate, with lower ratios being more desirable. As indicated in Table 4, the
polishing slurry compositions in experimental example 1 (recipes 14 and 15) have ratios
fower than 0.1. On the other hand, the polishing slurry compositions in comparative
example 1 mostly have remove rates lower than 9000 A/min (recipes 9, 10, 11 and 13),

with a few having acceptable remove rates but produce unacceptable depth of dishing



1450 0. 150 Reci pe 08 9200 17 1350 0. 147 Reci pe 09 8800 Reci pe 10
8000 Reci pe 11 5500 Reci pe 12 9000

(recipes 8 and 12),

Experimental Example 2 (Recipes 15 to 20)

[0073] The polishing slurry compositions in experimental example 2 are similar to
recipe 15. The difference lies in the content of secondary alcohol ethoxylate in the
recipes of experimental example 2, which are respectively 5, 50, 100, 500, 1000, and
5000 ppm. The polishing slurry compositions produced according to the recipes of
experimental example 2 are wafer-polishing tested to assess their effects. The wafer

polishing conditions are the same as those mentioned above.

Table 5
secondary alcohol polyoxyethylene
Sample
ether (ppm)
Recipe 16 5
Recipe 15 50
Recipe 17 100
Recipe 18 500
Recipe 19 1000
Recipe 20 5000
Table 6
Cu Remove Rate Depth of Dishing | Depth of Dishing,/Cu
Sample
A/min A@100/100 um Remove Rate
Recipe 16 9750 1100 0.113
Recipe 15 9500 850 0.089
Recipe 17 9250 825 0.089




17 1150 0. 128 Reci pe 13 7900 Reci pe 14 9500 15 890 0.094 Recipe 15
9500 14 850 0.089 [0072] Fromthe results shown in Tables 3 and 4,
it is known that benzylidene di oxotetrahydro thiazole and secondary
al cohol ethoxyl ate (secondary al cohol pol yoxyethylene ether in this
experi nmental exanple).are both capable of protecting copper(that is,
reduci ng Resepeddpt h of ¥Aing), but theS®bility |of theV-8¥ondar
al cohol {ethoxylate to protect copper is _even higher. Additionallly, as
| ong asiRegrti®nt of tHW08econdary al coHdl et hoxyl ate @de& not exceed
50 ppm ithe Cu renove rate is not decreased. Since small depth of

di shi ng/aadigeizmh| renovesppat e are| desiregho the pdlishingispurry
conposi i ons are|assessed by looking at their rgtios of depth of

di shi ng R4 . t it fori - L AS
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i ndi cat he p ing slurry conpositions

experi nment al , exang| reci.pes, 14 and_.15) have ratios |ower.than
0. o B L Ao R D51 g o5 b e S o 8o Rine Wiy
conparative exanple 1 nostly have renove rates |ower than 9000 A/ min
(r eci pescomposigions havgregeallppt effjctancyn(Peni AERishiged CcelptapiecR #e foos thag es
but produce unacceptabl e depth of dishing (recipes 8 and 12).

Exper i memt @glualBoaahpiue 02)( REbe piaichby tioeR) bdted ¥din The cpabntsdti segoslany ry
conpositions in experinmental exanple 2 are simlar to recipe 15. The

di f f er engétbol ehokylatehe ilﬁﬂﬁtlﬁﬂ%e of t(sgﬁﬁndw(w FIng.oNDhe LEBAXY kiRt @epttnof he
reci pes of experinental exanple 2, ich are respectively 5, 50, 100,

500, 10 . 0 Th hshi lgr : [ W Matels
aocordf B SRR B gl b BRcF by AR LR LR
waf er - pol

hi tested to assess,their effects. The wafer polishing
conditidﬂgﬁﬁl%ﬂ?ﬁﬁmgiﬁgwg§n?%5§gmwgwgﬁoned above.
Experimental example 3 (Recipe 15, Recipes 21~24)

[0075] The polishing slurry compositions in experimental example 3 are similar to
recipe 15.  The difference lies in the addition of potassium hydroxide or sulfuric acid
to control the pH value of each recipe (as shown in Table 7). The polishing slurry
compositions produced according to recipes from experimental example 3 are
wafer-polishing tested to assess their effects. The wafer polishing conditions are the
same as those mentioned above.

Table 7

Sample pH

Recipe 15 7.00

Recipe 21 3.00

Recipe 22 5.00

Recipe 23 9.00
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Tabl e 5 Sanpl e secondary al cohol pol yoxyet hyl ene ether ( ppm) Recipe
16 5 Recipe 15 50 Recipe 17 100 Reci pe 18 500 Reci pe 19 1000 Reci pe
20 5000 Table 6 Sanple Cu Renobve Rate A/m n Depth of Dishing Aglow 1
00 um Depth of Di shing/Cu

Recipe 24 11.00

Table 8
CuRemove Rate | Depth of Dishing | Depth of Dishing
Sample
A/min A@100/100 um Cu Remove Rate
Recipe 15 9500 850 0.089
Recipe 21 8000 1150 0.143
Recipe 22 9000 950 0.105
Recipe 23 8500 925 0.109
Recipe 24 6000 550 0.092

[0076] It is known from the results in Tables 7 and 8 that when a pH value of the
polishing slurry composition is in the range of 5 to 11 pH, the polishing slurry
compositions have excellent efficiency (Depth of Dishing / Cu Remove Rate is less than
or equal to about 0.1). It is known from the above that the ratio of the depth of dishing
to the Cu remove rate can be adjusted by changing the pH of the polishing sturry
composition to meet practical demands.

[0077] In chemical mechanical polishing, the polishing pad and the object to be
polished (for example a wafer) may have non-uniform distribution of stress in vicinities
of the contact surface. This creates the dishing effect. However, attempts to decrease
the extent of dishing often lead to insufficient remove rates. According to the
invention, the polishing slurry composition has the non-ionic surfactant represented by
formula (1) which, as compared to typical surfactants, has the effect of protecting
metals. Therefore, the polishing slurry composition of the invention has the effects of
maintaining the required remove rate and reducing the extent of dishing.

[0078] Though the invention has been disclosed above by the embodiments, they are
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Renpbve Rate Recipe 16 9750 1100 0.113 Reci pe 15 9500 850 0.089 Reci pe
17 9250 825 0.089 Recipe 18 8500 800 0.094 Recipe 19 7000 700 0.100
Reci pe 20 5000

not intended to limit the invention. It will be apparent to one of ordinary skill in the art
that modifications and variations to the described embodiments may be made without
departing from the spirit and scope of the invention. Therefore, the protecting range of

the invention falls in the appended claims.



WHAT IS CLAIMED IS:
1. A polishing slurry composition, comprising a non-ionic surfactant represented by

formula (1),
R_(OCHZCHZ)X_OH formula (1)

wherein x is an integer between 1 and 50, and wherein the non-ionic surfactant is a
secondary alcohol ethoxylate, and a pH value of the polishing slurry composition is
between 7 and 11.

2. The polishing slurry composition of claim 1, wherein x is an integer between 7
and 40.

3. The polishing slurry composition of claim 1, wherein R is selected from a group
consisting of a C3-C50 alkyl group, a C3-C50 hydroxyalkyl group, a C6-C55
benzylalkyl group and a C6-C55 phenylalkyl group.

4. The polishing slurry composition of claim 1, wherein the non-ionic surfactant is

represented by formula (2),

H
H3C——(CHy)s——C——(CH2)m~CH;

(OCH,CHy)-OH formula (2)

wherein m+n is an integer between 2 and 15.

5. The polishing slurry composition of claim 1, wherein based on a total weight of
the polishing slurry composition, a content of the non-ionic surfactant is between 5 ppm
and 5000 ppm.

6. The polishing slurry composition of claim 5, wherein based on the total weight of
the polishing slurry composition, the content of the non-ionic surfactant is between 10
ppm and 1000 ppm.

7. The polishing slurry composition of claim 1, further comprising an oxidizing
agent.

8. The polishing slurry composition of claim 7, wherein the oxidizing agent is one or
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more selected from a group consisting of permanganate salt, peroxyacid, iodate salt,
oxybromide salt, ceric salt, bromate salt, hydrogen peroxide, chlorite salt and
hypochlorite salt.

9. The polishing slurry composition of claim 7, wherein based on a total weight of
the polishing slurry composition, a content of the oxidizing agent is between 0.5% and
10%.

10. The polishing slurry composition of claim 1, further comprising polishing
particles.

11. The polishing slurry composition of claim 10, wherein based on a total weight of
the polishing slurry composition, a content of the polishing particles is between 100
ppm and 5000 ppm.

12. The polishing slurry composition of claim 10, wherein an average diameter of
the polishing particles is between 5 nm and 300 nm.

13. The polishing slurry composition of claim 10, wherein an average diameter of
the polishing particles is between 5 nm and 100 nm.

14. The polishing slurry composition of claim 10, wherein the polishing particles
comprise one or more selected from a group consisting of silicon dioxide, aluminum
oxide, cerium oxide, zirconium dioxide and titanium dioxide.

15. The polishing slurry composition of claim 1, further comprising a pH adjustor.

16. The polishing slurry composition of claim 15, wherein the pH adjustor is one or
more selected from a group consisting of potassium hydroxide, triethanolamine,
2.2.2-nitrilotriethanol, nitric acid, sulfuric acid, oxalic acid and citric acid.

17. The polishing slurry composition of claim 15, wherein a content of the pH
adjustor is between 5 ppm and 10,000 ppm based on a total weight of the polishing
slurry composition.

18. The polishing slurry composition of claim 1, further comprising a chelating

19



agent.

19. The polishing slurry composition of claim 18, wherein the chelating agent
comprises inorganic acids, organic acids or amino acids.

20. The polishing slurry composition of claim 19, wherein the chelating agent is one
or more selected from a group consisting of citric acid, diethylenetriaminepentaacetate,
ammonium oxlate, tartaric acid, oxalic acid, maleic acid, lactic acid, succinic acid,
histidine, alanine, glycine, aspartate, glutamine, serine and arginine.

21. The polishing slurry composition of claim 18, wherein a content of the chelating
agent is between 0.1% and 10% based on a total weight of the polishing slurry
composition.

22. The polishing slurry composition of claim 1, further comprising an corrosion
inhibitor.

23. The polishing slurry composition of claim 22, wherein said corrosion inhibitor is
one or more selected from a group that consists of 1-H-benzotriazole, N-acyl
sarcosinate, ammonium  dodecylsulfate, tolyltriazole, 5-amino  tetrazole,
3-amino-1,2,4-triazole, 4-amino-4H-1,2,4-triazole, 3-nitro-1,2,4-triazole,
3-mercapto-1,2,4-triazole, 1H-1,2,3-triazole-ethanol, benzimidazole, imidazole, pyrrole,
pyrroline, oxazole, isoxazole, indazole, indolizine, 1,2,3-triazole, 1,2,4-triazole,
methylbenzotriazole, 2-mercaptobenzothiazole, benzylidene dioxotetrahydro thiazole,
thenylidene dioxotetrahydro thiazole and dodecylbenzene sulfonic acid.

24. The polishing slurry composition of claim 22, wherein a content of the corrosion
inhibitor is between 1 ppm and 1000 ppm based on a total weight of the polishing slurry
composition.

25. The polishing slurry composition of claim 1, further comprising an aqueous
carrier.

26. The polishing slurry composition of claim 25, wherein a content of the aqueous
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carrier is between 50% and 99% based on a total weight of the polishing slurry
composition.
27. The polishing slurry composition of claim 25, wherein the aqueous carrier

comprises deionized water.
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