- 1 < PCLI SH NG COVPCSI TI ON AND POLI SHI NG PROCESS The present
invention relates to a polishing conmposition useful for an
application to polish a 5 conductor |ayer nmade of copper in a

sem conductor wiring process, and a polishing process enploying it.
In a sem conductor wiring process, it is common firstly to forma
barrier layer and a conductor |ayer sequentially on an insul ator

| ayer having trenches. io Then, by chem cal nechanical polishing, at

| east a portion of the conductor |ayer |ocated out of trenches (an
outside portion of the conductor |layer) and a portion of the barrier

| ayer | ocated out of the trenches (an outside portion of the barrier

| ayer) are renoved. 15 Patent Docunents 1 to 4 di.scl ose polishing
conpositions useful for polishing to renove the outside portion of

t he conductor |ayer when the conductor |ayer is nade of copper. The
pol i shing conposition of Patent Docunent 1 20 conprises a pol yether
type nonionic surfactant- having a - 2 - HLB value of from3 to 9, a
pol yet her type nonionic surfactant having a HLB value of from10 to
20 and abrasive grains. The polishing conposition of Patent Docunent
2 conprises a tetrazole conmpound, an acid such 5 as glycine and an
oxi di zi ng agent and may further contain a Water sol uble polynmer or
surfactant, ariiSGRs CHBBEIRON ann JoerdehheNbagEogPOsI tion of
Pat ent Docunent conprises a conpound ‘having a heteroring such as 10
qui naldic acid or benzotriazole, a surfactant such as a sulfonate (an
anionic surfactant), an oxidizing agent such as ammoni um persul f ate
or hydrogen per oxgyle,p Sk A0r A 0521 AS18EE8 88 §1 bbEashihg
pol i shing conposition of Patent Document 4 conprises a conpolnd 15
havi ng a het eicaiddid tSiush e Al i aghsh DEabepZots isePien &8
surfactant having a triple bond such as "acetyl ene glycol (a nonionic
surfactant), cahdndtdiZ il agetides W ASHFEIRDIN U PefiBebidi€:6F wiring
hydr ogen peroxi de, and abrasive grains such as silica, and may
further 20 c@xomias g wmpdddediiie nreres sal émpbdeifgni@ni oni ¢
surfactant) as the case requires. A polishing conposition to be used
for polishing to Iermeedimmiicicde poringnpobcthe, condust cominayer ,
iS required to have at |least the following two performances. 25(1) To
suppress a pHdastdiorrcs daral leedadimsigmgl ayrr eind thecdmiuttof . 1dger
upper surface of the conductor |ayer |owers as the portion of the
conduct or | apequentiallypem é@ iimsHe tokneier (haalngsiengeesi on of
t he conductor | ayer) is renoved. . (2) The stock rempval rate of
the condbtti v&SFay &y Byrai€adomeshiay tishings af gieastea the
renmoval 5 rate of the conductor  |ayer by th polishuggéconpositiOn i's

hi gh. HERETEPT e 5H6 ISR SONPSHIFT oHfEF LI FEe P n-Paehes

Cocutents 1 (g, 400,10, Ty Sacltl Such o1 of perf ol pies e,

JP- A-2006- 49709 Pat gt acu rI%.@}erz Lochrdy 96-49 730, a:algeer[]éhgg cimgnt
outside portion of the barrier layer) are removed.

15 Patent Documents 1 to 4 disclose polishing compositions
useful for polishing to remove the outside portion of the
conductor layer when the conductor layer is made of
copper.

The polishing composition of Patent Document 1

20 comprises a polyether type nonionic surfactant having a



3:  JP-A-2002-12854 Patent Docunent 4: JP-A-2002-256256 15It is an
object of the present invention to provide a polishing conposition
which is particularly useful for an application to polish a conductor
| ayer made of copper in a sem conductor wiring process, and a
pol i shing process enploying it. 20To accopgpli sh the above object, the
present invention provides the follow ng: 1. A polishing
conposi ti on Behprasuagodnfaninodi tosar f acpaehyedhdratypri opndonic
surfactant, characterized in that the conposition is prepared so that
t he wat er 255¢vhaaeananhgiving ahBLBurtdve of &mowbjléctot 80bend
polished, after being polished by the conposition, would be at nost
60. -4- abrasivpegpainsghi nghe dpbsihinm eerpedl bion of hBabgove 1,
wherein the anionic surfactant contains at_| east one conpound

repr esent ed BYCERREhenFeEPrLERALPatRETYIOHR ROVPRUNY] afhacefnsRER s
an al kyl group, an al kyl phenyl grqup.,s or an al kenyl groug X1l is a,
pol yoxyefhyl @nedbyeine  andopfoRFpropirentdgrbuphgr Mgy further contain

pol y(oxyet hyl ene- ox opy!l ene roup, and_Y1l is an anionic
functional of ofpter gg{u§¥eTﬂ81§gFFsﬁ¥n@uEEﬁﬁBépFPoﬁSaEESrS?ﬁﬁ to the
above 10 2, wherein Y1 in the anionic surfactant is a residue of a
carboxylic acTd: phdsphoric acid, phosphorous acid, sulfuric acid,

| f id sereof . .. 4. The polishi it
2ccording Lo any Bacoat ehathobveeeigist RhoPalRnE AoROREOn O

fact ant 2 by.th
chem cal oI - 5R wRaP IR Ry AT RR P EREERG M Y5 1 &
pol'yoxygphyl ﬁ@f@ya@i@%i‘%¥ﬂ£8€¥i§981%f ngsﬁfrf%ﬁléant such as a

pol y(oxyet hyT ene- oxypropyl ene) group, and having a val ue

10 to 16. 2051 ARAOCessn f Qi BRLESBIPEa8PaRP) €Chnt 8xPA1 POLLSHEEN
conprising an insulator |ayer having trenches, and a conduCTtiVe | ayer

nmade of coppficH Mdegntdnihe pasyhatte! d¥ehyasakdncpadugt hxe Layer
havi ng an outside portion |ocated out of the trenches and an inside
portion | ocaiiethLbrdé gtditnd renchess ¥hihapr ores oEDIEHIEeS a step of
renmoving the majority of the outside portion of the conductor |ayer
by pol i shi ngzdmnpoeanisonfofl paeénti batymend 4 pohpshieg soapapgbhhan,
and a step of renpbving the rest of the outside portion of the :
conduct 06 | &yerityy pdiesdiogihy seansasfgtimwapdicshcng cenposition as
defined in any one of the above 1 to 4, as a finish polishing 5
conposi ti on kfiffairirzdkeom & heupfettannahyvpodi shtngprtenbosilt suah as
6. A polishing conposition having a pH of from2 to 9 and conpri sing
at | east oneGfiiorRRe sIFTeR! ah? neprerbat edrbyctapttheficakifdEmmpba
121-Y1' or R1-X1-Y1', 10 wherein Rl is an _al kyl group, an al kyl phenyl
group or an 3ERENFUGH oup, 2RIORLUE PRTFekiRERYPENBYGFeERn Beroxide,

pol yoxypropyl epne .group or a pol y(oxyet hyl eneoxypr opyl ene) group, and
Y De B SO GHOARF DS G SRer o7 1 ML 7, B ek FRaRach
protection filmf.ormng 15 ag qi diiferent fr0ﬂ¥the anionic ,
Surtact ARt , SHTH (FIURIEHE T O ETRET B CT ANt OFeBT e efit SBLBYL e

o o ho AT AL relg Lo an plyl aroup. and 2 T 2
pol y(oxyet hyl ene; n nd_bhayi 20-val ue o
from10 to 16. %*%§¥$£§#%%§pg%F§ﬁ$§§i8§n%8s$ igﬁegcg%gdpﬁélfglpﬁeEO

above 6, wher&if,d %QV&%@%? Xypﬁ%ﬁfﬂ@@&@&&&&&@%ﬂa{,@@, is

pol yoxyet hyl ene gr.oup, the po ene group or .

pol y(oxyet hylLngs-Quy REORYA-RDE) Of Q4 | Phd NEo PRGN, PR Cr 23 Q{%@g{qgﬂ&egs

from2 to 20. B. The pol i shing conposition actordi nf _

above 6;pr 7, whergif,thepp¥eE808 PHORSheRbN S8CRLI NEqURILR1HE - 6 -
the pol yoxyet hyl ene group,” the polyoxypropyl ene group or the

pol y(oxyet hyjrRnesiax HHO P RA. ) o AN O-D hblod P ex@PF B Co B UEHACEBABuEEoAL

layer lowers as the portion of the conductor layer



15 conductor |ayer by polishing by neans of a prelimnary polishing
conposition, and a step of renoving the rest of the outside portion
of the conductor |ayer by polishing by neans of the polishing
conposition as defined in any one of the above 6 to 9, as a finish
polishing 20 conposition different fromthBe-prelimnary polishing
conposi tion. According to the present invention, a polishing

conposi tion b@ﬁ@t%dlanlyhaseranCheﬁ éhhapphscéelpnrtDOpobﬁshha
conductive | ayer nmade of copper in a 25 sem conductor w ring process,
and a pollshFﬁ@db¢6@es%a¥ﬁ§P ypngenpvedre provided. - 7 - In the
acconpanyi ng draw ngs 1(a) to_1(d) are cross-sectional views
of an object to 68)p$hﬁsﬁ880kt§emPVa§tF&F@ gfsEhiec 6RBGRCEAVR AisygT
process. 5Fig is a cross-sectional view of an object to be

pol i shed, tobmmetea%ésaileﬂ. ﬁ@mPOSlthﬁ tRehdghw g8, EBperemewal
nuneral 11 re rese ts. atre 12_an insulator |layer, and 14 a
conduct or | a¥ th?h€°B$%§E9¥ %ﬂ¥%ﬁtpﬁntﬂFlPO%éSEéESrFBQBOFHtEQn
detail with refer nce to preferred enbodi nents. Firstly, the

sem conduct of S wit g%g process will be described with reference to
Figs. 1(a) to 1(g% conductor wirin ocess .usu

conprises the fo gﬁyﬁﬁ’sgﬂ%spogéﬁﬁﬁggl?Omgg g%&ﬂﬁs H1E|3°g%€afn
barrier |ayeg %ég?“@3 HQHQEC%'¥8 aagr &é gﬁelgeggegt%algﬁckorned on

an insul ator aV|n r énc foried on a sénfconduct or
substrate ( ) o) t f C Iayer 14,

t he barriernffqé e?Py@ ?ef¥%$ﬁ%%8%% %ﬁat gﬁ}%sﬁ%g§o$8$g§e¥8 to cover
the surface gy f&@éﬁ@ﬁygator | ayer 12. The thickness of the barrier

| ayer 13 is Iess than the depth of the trenches 11. Follow ng the
formati on of thephashtepckanentrls. the coghetHs7dayer 14 is forned
on the barrier layer 13 at least to 25 enbed the trenches 11.
Thereafter, by chevesal psechantcal pobishogs-s474@ast a portion of

t he conductor |ayer 14 |ocated out of - 8 - the trenches 11 (the
out si de portion Pitéhe Doaduehor3kayer-ALDoandiaspprtion of the
barrier layer 13 |located out of the trenches 11 (the outside portion
of the barrier |Byeenti3oanwenemdvedlPAs-202s264254s shown in Fig.
1(d), at least a part of a portion of the barrier layer 13 located in
the treréhes 11 Tthesiasi dejportPbntbé phesbatripvehayon t8) pandide

| east a part of a portion of the conductor |ayer 14 located in the
trenches 11 FtBrlisking pompesht bentwelcontiticpartieyberiy)uapful for
remain on io the insulator |ayer_12. hbnelg a part of the barrier

|l ayer 13 and?f 3RRI1GHCIOR CRrRkidh @ ogerdugtor|layeraradenef decpher
trenches 11., Thus, the portion of the conductor |ayer 14 repaining

i nsi de the tirftHEmye FFEPT AEL T HE RYACHFF i ngd 131 PohigBiBIwher e

by chem cal nechani cal f0|lshln at least the outside portion of the
conduct or | &EF°IH 4P 1P BUtsrde portion of the barrier layer 13

t f t th t d f th
conduct a8 1 ayer 19 TeCPbRbER HEELRBRAS: AoRree THBS. P365hEn, as
shown in Fig. négﬁg%fétﬁ%éé¥ﬁeéﬁ ém%é&gglq§ portlon of the conductor

| ayer 14 is Fenove oseé t e upper sur?ace of t he outside
portion of the rriger Wi F ),

t he outside por'??on of® A]ﬁl&[) ri'gfl e-rl;&%yer Vig% %1% éergigip%l;sl[iegt he
25 upper surgﬁ%coéaﬁeeaﬂ&l%llr%@{oﬂfa%u%@%ﬁ0 OPALLO:8r1hal in

surface at the same time. The polishing conposition o e present

invention il tHeS dsgidlid Qin PO i SUAG-dhessondNCt OFe | pYEE, 14 TN

such a sem conductor wiring process in a case where the conduct or

layer 14sis Jdelef é«‘r@fﬂ&erof Nue specddd cod | ¥n bBbjdst PAGtHEUDSL E ¥hed,

suitable for use in polishing the rest 5 of the outside portion of
the conduct eifdeay &ieildy afdEisHdt® WHR) Hd tyobod el onlf SkEe1RoRE | 8F Rbst

60°.



10 predeterm ned anpbunts of an anionic surfactant and a nonionic
surfactant wth water so that the water contact angle of the surface
of an object to be polished, after being polished by neans of the
pol i shing conposition, would be at nost 600, preferably at nost 45,
nore 15 preferably at nost 30. The anioni@ surfactant contained in

t he polishing conposition of the first enbodi nent has a function to
be el ectrically &dsoFbedrohishénguepmpesdtivheaconddinar thaybe above
a pHrange of fromneutral to acidic to form20 a protecting film In
t he pH rangelof RegmiRetbrapnienaei grsfackansuchacaipst eft ilaRssf onige
conductor |ayer 14 made of copper_is positive. Therefore, an anion
group as a hyeFBBHRA EGBBFFPBEeéf byhEhgnrbamd cadr foemyde Wl-Ylper R1-
bonded to the_surface of .the conductor_|ayer 14, and a_25 hydrophobic
portion of the~ Ahr oHPETSHRT Bet Afit 2hi PLXBE PEEHPed 28t 2dkylphgayl group
opposite to the surg ce of the conductor |ayer 14. A cordinglé, t he
surface of the 28 3SR oBECHPon i Lfh ByPSO¥R™ YR AN 6REC IEEMPac Pant

has hydrophobicity. On tection filmby the anioni fact ant
'S formed onPhE EHPFREET P EL HESUBnGHCROP I BFYEREVIRBE! i ty

bet ween t he i rain nd 5_the,sutface of .the caonductor layer
14 decreasessgg§%6¥ﬁ%g§$zc§r$3 V%Pgrg?elgfaﬁhgn&8ﬁéﬁc?8pc é?@?al4 by
t he polishing,.gogposition decreases. As a result, excessive renoval

of the insi portion of the conductor |ayer 14 will be suppressed,

and di shi ng (seEBEigrhg)gﬁiiéhP?%190%ﬂ8§£€§8ﬁdaccordi§§stgnLﬂQigbove

surfactant contained in the po hi ng  conposition pre abl y contains

at | east;gone; copReradnr epr esephedaRyohhe sherhepbntormuba, BLi¥he0bs 4
R1- X1-Y1l, wherein Rl is an al kyl group, an al kyl phenyl group or an 15

al'kenyl grougarpdxyysia RELIPXYBRLEYhEPE-0LEYA, BhBepKO¥¥ALORXLANE
group or a poly(oxyet hyl ene- oxypropyl ene) group, and Y1 is an

ani oni ¢ funcéhbbatigradupd, TEel et 605 CabacbironakalkoyRet-ebrYL IS
preferably a residue of a carboxylic acid, phosphoric acid, 20
phosphor us aci d, 4sul The | pohttlii ng utduposst achdaoecoadsabt tbhengobneThe
counter ion contained in the anionic functional group is not

parti cul arl ythe ndlbede ahdtony, woherekanphe, nbeianianmsoriaateati on, an
am ne cation or an alkali nmetal cation such as a lithiumcation, a
sodi um 25 catdwirabrs aapolasst upre attopoundongprhesntadt hyatheew to

i nproving the stock renoval rate of the conductor |ayer 14 by the
pol i shi ng compRsi¢rbniopretariedi?s whpbeassRanis- anlalkyat poaupanand
anmoni um cation, or an am ne catjion, nore preferred is an anmoni um
cation or a%%i%t FArRPERPFRECERY I Re GRa Rosk BPEVERYBHOP¥LgReaBHBHPUM
cation. The content of the anionic su facﬁant in the polishing.
conposition‘ﬁﬁsadp%f% SFYRFRY 1 R WP RPT ARY LBBBI eJEPBR- ofPdi BAVARIaRd

the stock r q& at e. IE it is too small, no adequate protection
filmto str y %%%r%%s %&%e§§|9% ggrlshlng of the conductor |ayer
wher eby i shi ng. Tty Thdt Be Sur T 5 KAt T§ SOBp BB CuN R e vPEl 5=t
R S
0,05 0/ L. URTRar Bt or bty ST oot ToPHRE of Pt 0 oY fci 2Ry PspR

east 0 1 0flaydd, tdhei@ldsiad@ntve | {ag0e 201881 aR" oh0E1 88! BBLE; on

surfactant inthe polishing conposition is too |arge, the protection

Filmw il beness el Yof KRR AhERes SEhbase hsthe }Igsféyaﬁ%ol:ax@a
20 14, whereby polishing of the conductor layer 14 wilT be suppressed

too nuchs | iprdes teemendd Aivnide StOKssesBNalisakeaokttpeor
conductor |ayer 14 by the polishing conposition to be high, the

content of th@n@mieni thewid pstany on the SatksheNgoseIPRSHEI BRel S

conductor layer by polishing by means of a preliminary



20 side opposite to the hydrophobic surface of the protection film by
the anionic surfactant. Therefore, the surface of the protection film
by the nonionic surfactant formed on the hydrophobic surface of the
protective filmby the anionic surfactant has 25 hydrophilicity. Once
the protection filmby the nonionic surfastant is fornmed on the

hydr ophobi ¢ surface of the protection filmby the anionic surfactant,
the affinitypoliglding pepwpenithenabendi #esyeni nf aadovhsgsuhearesbf of
t he conductor |ayer 14 will be in?roved, wher eby the stock renoval
rate of the EemderREdide apertianpyft ke peridhrhgr cbapesi bronohikhipg
inproved. As a result, an excessive 5 decrease of the stock renoval
rate of the RortRRRDrOf alae ralbghing perpenihioronpodrfinnddie epy

t he use of the above anionic surfactant will be suppressed. The
noni oni ¢ surPRRtnt FRONBPYRALI Fotfe %%I?sﬁ%ﬂbsﬁoﬁﬁgéﬁhﬂﬁﬁ preferably
contains at |east one co nd 10 represented by the chem cal formula
R2- X2 and haﬁ?WﬁF%%?iﬁ?v§$g eﬁ?n?rﬁﬁgﬁotF% RESl 1B+ RATROPPL IER1IHKY |
group, and X2 is a, pol yoxyet hyl ene group, a pol yoxypropyl ene group or
a poIy(oxyet?@WQﬁﬁ%é%ﬁ?%ropylene) group, and Y1 is an anionic

functional group. X2 is preferably a 15 pol yoxyethyle oup.

Narel y, the noni hi c%;l“st-:ﬁcl" HTH SR he rﬁrp?‘%%n%o?iéjﬁi%g tem 2 to
conposition Pr r i y e r.

The cont ent St Be Ay EEME {2 B ROy SR HRLSELF, Bifhactaitos 1 on
has a cl ose | b t u ion ciease_of,.the_stock
renoval rat ef%n%éééé&%péf@ess %%f%%ﬁﬁ?%g'f?%m§?§i§ft%§ sﬁ%l %1 ?ﬁeﬁ !
excessi i@ degisass, aiq t o, e ra u | aye

14 may not be strongly gfﬁﬁééﬁggﬁfm%yﬁﬁpé %ﬁeﬁ?%%bgﬂggggsg%ﬁgptﬁ% &n
excessive degreasel Q;{rélﬂ?, Sk DCKs 25 pETPYRAef iRy P éP@u?PnQUCt or

| ayer 14 nore strongly, the content of the nonionic surfactant in the
pol i shi ng cqas:thmropel el Srabd Yoata | 885y (OxPdr@)lengore - 14 -
preferably at least 0.05 g/L, nore preferably at least 0.1 g/L, nobst
preferably aixypeasiyllerde)g/dro@, tdaed ovheridandsoiMl tdemgonderd sg,Mibe
noni oni ¢ surfactant in the polishing conposition is too |large, the
action to 5 vwuppriesMdi shiagedyntde o pna cosotéaciant fahd foeming
protection filmformng agent is likely to be weak, whereby dishing
is likely trasgdurdiffigrdny fxdre tive |aniowmic t srerpatisht ngazdnposleasn
to polish the conductor |ayer 14 may rather decrease. Wth a viewto
suppr essi ng FF dIGHINY GroTer Sr ¢l yrerirs ekt @nby ofhe hehewhtahi c
surfactant in the polishing conposition is preferably at nost 20 g/L,
nore pref er AAEE FstX20 rereiurkheks pefekapl yOubuppsang ¥z Lis a
nost preferably at st. 3 g/L. The nonionic surfactant contained in
the pol i shi APHPXSHPBSITIOPTIUR hid RADGIFRFPHEINS PRSP caF 2

par anmeter so-cal ) ed %g%LOUd point. This cloud_goint %aﬁ a. cl ose

rel ation wi P PhETIRERETTRP CTYRECRGI TN VEF AR i oS AR of i TP ng
conposig%onwrlf t%&w¥é%ﬁjl i{g f% t he noni oni ¢ surfactant contai ned

in the polisﬁ%%f comnmpositionh Ts too high, the corrosive action of

(e P) LS11n9 OO s el B SPSRRLYEl I UETE  Bcve
action of the F&@Jérsepﬂz{‘gzlféﬁrﬁtlﬁeé}ép%ﬂhxﬁﬁﬂ@r %@Ufjesﬁ’é@{ng‘;uﬁ{‘@? nonl c

surfactant 25 contal ne shing conposiiion pr ef erabl'y at
most 90C, A AP at 506G ﬁ; ‘ghﬁ% t

- 15 - nE#thgﬁirégg'nynﬁﬁr_ f’ repea i d? té?f%%%&é%ﬁggié0§5§he
noni oni ¢ SUIHCAG! @Al etk bt iR, RN ST RG,S O OS | 9 SRS 2
close relation"with thé solubility of the nonionic surfactant in

wat er. bf i teuirFac@arsald £ e mwni@ni ¢ surfactant tends to be
hardly soluble in water. Wth a view to increasing the solubility of

t he nonioni c surd actraet poliwdiiely - ddpcriariage JMbhelif ¢epaa d¥bve

6 or 7, wherein the average number of repeating units in



pol i shing conposition is preferably at |east 10, nore - 16 -
preferably at |east 10.5, further preferably at |east 11, nost
preferably at least 11.5. On the other hand, if the HLB val ue of the
noni oni ¢ surfactant contained in the polishing conposition is too

hi gh, the action to suppress dishing by the anionic surfactant and
the protection filmformng agent is likely to be weak, whereby

di shing is |FRel polyosrethylenehgsovpenwche papprespragyYdeshi sgyorpr or
strongly, the HLB val ue of the nonionic surfactant in the polishing
conposi ti on FRepPel¥laByethylapsr oxBrreDy kBpe) pgEpePabnythe APIENLS,
further preferably at mpst 14, nost preferably at nost 13.5. Here,
the HLB val u8ubfathd™honfofif cme8Ff&ct ant may be obtai ned, for

exanple, by a Giffin method. The polishing conposition of this
enbodi ment 15 prgferﬁ%?yp?ﬁ??%%?gc APRPAST A°Pr BEERTRORIf FPnERyr ARRgOE
agent. The protection fi|mform ng agent has function to _he )
absor bed “on %ﬁ% S ?Yﬁcé t? %hea%%ﬂﬁﬁgt%a FﬂyﬁﬁelﬁnFBHFSrﬁpﬁgaCtant 1s
protection féln% gggiﬁgrfa e of this rotectioP.fiYn1g% this
protection f||%1¥orning 5% ht™ha%"2o™ QHFBBhSB &?Py?r BePPHEE
protection filmby the protection filmformng agent is fornmed on the
surface of the conductor layer 14, the affinity between the abrasive

grains and the sypfa er,1 e ;
stock renoval ra?g'd%e?%éF%%%d%%€g$8%§£?£§%r5?4é%€§§Ee€%o Fsﬁ?gé%ﬁgd’
conposi tion dseheasesy 48 SnbeBMtbr f§§@§8hg@iﬁ§@¥éhcﬁ st Ngphng! de
portion of the conductor |ayer 14 wll” be suppréssed, er eby di shing

- 17 - wigl | BEnSUPPIeSSEEyer maddN8fPESbEEL! 8BrhbENMbAOEAENInade Rt or
contained in the polishing conposition may be benzotriazole or a
benzot ri azol Pagler | vahidecodiecbend ol &i,az0hgviagi ¥at bi€sddkSpeReion
havi ng hydrogen atons bonded to the five-nenbered ring of

benzot ri azol bocaptaced: byt other t aéeches ganapan Wihda woewiba located
suppressing dishing nore strongly, the protection filmform ng agent
cont ai ned i ni® hehpotrehehgs conpbsht poocesspeehprhbky beazeprofizol e.
In the 10 protection filmby benzotriazole, the five-nenbered ring
portion of begnovinazohe najdohtedof othdeosusideepoftibe obnibet or

| ayer 14, and the benzene ring portion of benzotriazole is | ocated at
t he si déSopperidecterthryvenrPraceobishiegcoviduesns thyarpidlimpgary
consequently, the 15 surface has hydrophobicity. In the protection
filmby a bé2btThind ePBRPFIaiPVe, 2RRea f PheP nehbEeeavinagther teeh of
t he benzotrigzole derivative,is bonded to the surface of the. K _ .
conduct or | dy27 FUtSidy Rkt homRhet R ngOPAREFeR bRYERLB ARG FRAZEI €

derivative i.s |located at the sjde 20 opposite to the surface of the
conduct or | &YerM9HS \Hertly B 1%%?@%c££mﬁgsh?ﬂ?%pﬂ%bé%#%??g in afple

content of the protectign filmformng agept in the polishing
conposition(ﬁggfﬁgéﬁgiéa 2tk orP thg§h% gf%ﬁghr%ﬂ%ggPl?%te and
suppr essi.on i shi L ] (o) no. adequat €. prot ecti on
filn1to§§tr6%%T %ﬁ%%%%éii%i%ﬂéé?aér%@|?@%?%%é%%m%%%r d%%gé %%H?ayer
14 will be f . the surface of the conductor |ayer 14, - 18 -
wher eby Qisﬁﬁig ﬁﬁ@gﬂ%?'be sufficiently suppressed. Wth a-viewto
suppr essi ng di ShA@SoP@iﬁgS%Fﬁ‘Hiﬁ YprkBEn£Oonhe0h: 9bnt Ne ?69&%}&%@?

filmformng agent I n the polishihg conposition 1s prefera

| east 0.001 HukpodDf ForPSde¢ AhlYarly | €8sEuD. Bdr 0hk- o § 8L PLRCES
hand, if the content of ‘the protection filmformng agent in the

pol i shing CUHOSIH | ONedrSal@0i VI DBy et hBadE ObECLbPPeFi Imai I | be
excessively formed on the surface of the conductor |ayer 14, whereby
pol i shi rg ofsdntiec@onettcd Orwidin@yeroddsd eNgsdt 9 HE1 LXEHSS Yeb¥ess
suppr.essed. In order to maintain the stock renoval rate of the

conduct or | ayterldihy ithe e istvwrikdednposition to be high, the



20 14 and serves to inprove the stock renoval rate of the conductor

| ayer 14 by the polishing conposition. The etching agent contained in
the polishing conposition may be an a-am no acid such as gl yci ne,

al anine or valine. Wth a viewto inproving the stock renoval rate of
the 25 conductor |ayer 14 by the polishing eonposition nore, glycine
is preferred. If _the content of the etching agent in the polishing -
20 - conpositi onIisthgoasrampanypradsdgeningsoval rate of the
conductor |ayer 14 by the polishing composition will not be
substantial |y i nBt8Fedl (Wt hPalVPewrts FEpESVERE tipaadt yelevse afvam
rate of the conductor |ayer_14 by the polishing conposition

subst anti al 1ISPT¢RE Efaan%nP%%ShﬁérePehi%uaE,Eﬂ e # FRELFENCYRERY
conposition is preferably at least 0.5 g/L, nore preferably at |east
1 g/L, furtH%+r§?%f8¥%ﬁ? Sat least 3 g/L, nost preferably at |east 5
g/L. On the other.hand, .if _the content .of the,etchi 10_agent .in_the
pol i shi ng conpos%%QOngi%StgocFSFEéFeF%éOB8 i ¥hFHg Cbi 'F?J%Fttﬁ? be
pol i shing ca Siftlon aj hst _the conductor layer 14 tends to be too
hi gh, mhereﬂggg}%%%%g ?% ?ﬁ%ﬁér?geogéﬁ T§Wth a view to suppressing
di shing nore strong . ent._of e [ agent__15 in_the

pol i shi ng conpos?ﬁi%%eiéggwgﬁg%ébFﬁggfgﬂggtkﬁgeg%ﬁ,qﬁn%gp%Fg E%gbﬁy
at nost 30 rther_pr a t g4 k., r at
st 15 gf L reneti DEalt ENSUERYe B PRE a0y 2 "BBpaREELE 2kt
preferably furthgs,cophai P,%egghﬁsmeeal&%ﬂswﬂﬁebéo SR ee 95ai NS
play a role of nmechanicalTy polish the conductor |ayer 14 and serve
to inprave tdwrsipokifignpypbreate o6 phecsppddctabchianenti4 by the
pol i shing composition. The abrasive grains contained in the polishing
conposi tion may berstlicachW thmdcyhawct6r2hireduc brocewsf aGe 1defect s
of the conductor |ayer 14 after polishing, colloidal silicais
preferred. ldeddeilsodtehthotefdeeabeasdVRigsai Dsad ncbhe (d) .21The
pol i shing conposition is too small, the stock renoval rate of the
conduct or | ssmwiddndycter podtisdi pgocesposstabhywebhprdtebethe
substantially inproved. Wth a view to inproving the stock renoval
rate of the fcphidewing Stepger 14 by the polishing conposition
substantially, the content of the abrasive %rains in the polishing
conposi ttfon i s preFefdyt yaat shewst ip. Bigl L1 (abr eapbefrerisll yaaer dast
1 g/L, nost preferably at least 5 g/L. On the other_hand, if the
content of (¥ FhrEFGEEDVYr BEVRT | hé t {ES pBFEIeTNha e bipEertE8nonsaioo
| arge, the polishin ility of the polishing conposition against the
conduct or IéVE?E%%“g%ﬁﬁ§Y?% be REBIRY ghrenfReenydi SRFREY ST fkely to

occur. Wth a viewto su H%ﬁ§5in nore, str t he content

di shi ly,
of the abradiqhs HITHRETE SYDTHERHG! LR N eBbosi TG | 50 pr X BA Gh
t t 100 f | t t. 5 /L 1 bl 1
st 30 o Lo RSt S B Bt s IO by BECLE) 881 Falhea
i L £~ the “pt eI the abr asi o8
S ok 00 A hd Ml 0L S SPIPO8 2090y | Pk O8uElaBLE hl°
rémoval g y vt .
i pr ovi ng t hl‘éii‘%lp%%ﬁ apelp k) s S e uct°oérN'§%2‘?¥‘5§l"‘b"flt%er
pol i shing compasd ti Mk subst antd agdyen the W@féﬂﬁgﬁég‘iﬁ.paﬁéiﬁﬁ

size of the abrasive grains contaihed In the po I ng conpositionTs

preferably alhd e@simak ¥R SPrendriLffbl V1dfel €8st BnBMeofBabtox
preferably at least 8 nm On the - 22 - other hand, if the average
primary partisstr siZeHfrdhge@bsasine G4 Nsr coayaibned LA 1B8st to
pol i shing conposition is too |arge, the abrasive grains tend to
settle bp thReneel it nrosmposiiion. Wth a view to preventing such 5
settlenent of the abrasive grains, the average primary particle size

of the abrasive Theawast conf adbnecdhenithe pothahioglcpapashingn ks

least a portion of the conductor layer 14 located out of



a protection filmby the anionic surfactant is likely to be
prevented. Wth a view to avoi ding such adverse effects, the pH of
the polishing conposition is preferably at nost 9, nore preferably at

nost 8.5, nost 5 preferably at nost 8. According to this first
enbodi nent of the present invention, the g§oflowing nmerits can be
obt ai ned. The polishing conmposition of this enbodi ment conprises

an ani oni c sth¢ deferthendih Hone opites 5de f e RN 10f sbhe haendnetaat er
contact angle of the surface of an object to be polished, after being
pol i shed by }&¥Hs Y t3re FI PRt Hep foke tharriapul avee h8 hpseted,
preferably at nos é—? nore preferably at nost 300. This Polishi ng
conposi ti on ¥khidi 1% Pt heRante e aPPEF YA sPBBEROR he< r BB r ed

performance relating to dishing and the required performance relatjng
Do the ot C T BRI RS 1) IFTOSRTTTS. (1S 3 HEFILT Do ThA

surface of the ohject t olished, and the abrasiv rains. .
Accor di ngl y,ﬁjt%‘ebipg i'shafothgle%‘—‘g%lbo%il??%lﬁ of R HPRTehBRT e Jgargier
particul arly e foor .. an appligcation t oljsh conductor_|ayer 14
in a senicondt cet%ﬂg’vmlrcl’cnagtepcio%nes%e ﬁléeréo%é\zse Jelrsw‘o{) i?relr‘l?s}‘ré?/ partion
nodi fied as | oW, i.shy CcO sidi o] .
enbodi nent n‘%@ ébe prae%;l‘raeelgqb%f%% In%f)i n%%&z; %%ngé;%ﬁ a% gﬁag?o%g %oPanF(l)'ﬁn
25 before Usg: chfs (AR N GOT0S S Medl 14 NehaN0YE ERD001 TP RLy
known additives such as a pHcontrolling - 24 - agent, an antiseptic
and a def Oa@ﬁﬁcfkg%rﬂ%bﬁ%dcoﬁ&uéé@rcﬁéfefeﬂw r£511 NP¥hain on
Exanpl es of the first enbodi nent of the present invention and -
Conpar atbve L8 wWdd Re dleses | badmeaRo! iShHa1g MR tH0nS; Of
Exanples 1 to 31 and Conparative Exanples 1 to 4 were prepared by

M Xi ng an arlizpriE IUrdrattadart SN Cosdlidest aldyeR P4 OFELL i PBmain
filmformng agent, an oxidizing agent, an etching agent, abrasive
grains and arpHdontteoldderglagentl wi Thusgt ehe apri( drhefcase
requires. The details of the anionic surfactant, the nonionic
surfactant, ddmelymtatredctaysEr fi4 mrdnorimingy agent de tthee oxrelnahag agewnti 1l
the etching agent, the abrasive grains and the pHcontrolling agent
in each pol ifshiatg womsos tWisninand t he pH of each polishing 15
conposition are as shown in Table 1 or 2. In the colum for

"wat er &bntact alyl®'case TEREs by selewicaheneekanicabf pabaghivgenst
of water contact angles of wafer surfaces after cE)ol i shi ng copper

bl anket waf if&saility Rt KR RIT SR et Heop ol #5F nbd 2and

conditions shown in Table 3 by neans of the poljshing conpositions of
Exanpl es 1 tt&esf%ﬁ&da@amﬁ%%@ IRAFE1I4T WPYSF el SHwh. tThee

nmeasur enent of the .er _contact angles was_.carried out after,rinsing
Wth pure whEBIO R SvEiish e CHREE Shr e FoiT S dReT R

25 measurenent of the water contact. angles fer .cleaning.tre t
eval uat i onngglﬁarcébtnﬁfsameﬁ ifé'(?’r l%ar%usf TS 57 1§ Iﬁ%*%cg ik
Sci ence . ) d.;_ -m:25 - t 0 or..."stock
renoval 2?& eTHE;Er[i) 'IEE"\a%I%ehls&%l and F§,295't hle(cs)t’oc 1Per elpr?e;svlgléfa eé iésu%%%%gﬁ

whi ch was o i wWen 12 GORREN fer. i i f
200 mMm was Eol i shed unger t he poﬁtitgsrﬁirln_ %%ﬁ%?t}%ﬁ%é%%%?%éés?n
Tabl e 3 by meanRfereach icd M RYUd UG SOMASE £6:0N5r AR EGUPL £ 1
to 31 and Conparative Exanples 1 to 4. The stock renoval rate was

obt ai ned by 1dipexdiing thgedbhecencasi Bhbickness Of 1qa0h WafelodSide
between before and after the polishing by the polishing time. For the
10 measur empirtQont BF thicChrassi f thamaferis a-SMola resi StHHSE the
measuri ng apparatus "VR-120", manufactured by Kokusai Electric System
Servi ce2£0. upded: st@Fadsedt the imdulhgollaFed o2 "W aEpidin a
Tables 1 and 2, the results of neasurenent of the dishing anount of a
copper is pdatlker puvdber EES4&Hsadanpatdiedan) of SEMATEC pol i shed by

The polishing composition of the present invention



io a contact type surface nmeasuring apparatus of KLA-Tencor

Cor poration, the dishing anmount was neasured at an area of each wafer
where a trench with a width of 100 pm was i ndependently fornmed. In
the columm for "pot life" in Tables 1 and 2, the 15 results of

eval uation of the pot life of each of thegpelishing conpositions of
Exanples 1 to 31 and_Conparative Exanples 1 to 4 are shown.

Speci fi cal | y18 ussafubaEnr apot hehpayi gﬁ%goa@nﬁ@grt Lerisrofl4Exanphed &
to 31 and Conparative Exanples 1 to 4 immediately after the 20
prepar at i on L €ARAUGFOF B FONT SRFAGee8npBst Fafs WheERafPRes 1 to
31 and Conparative Exanples 1 tp 4 after being left to stand stil]l
for 14 days ‘F?P%U%B‘H’ét Y<F ehpet it Bt 8hkCBPPo5EC dfexs $preifically,

tion,, tivel t he copper. bl anket wafer was polished
undor 25 ¢ Eelt{)g"rs Eﬁ?:'ﬁgf %vaoﬁgfgéb%ae PFi1Ea i E%E)F%ﬁél.‘gA*ﬁB? tREt
stock renoval .rate s calculated by_djviding.the difference in, -
t hi _ckngasé:‘ \éfo%a@hev%\,\l?'é?_l‘g% %%?%%ﬂ %Ef'!#% égg@?ct:oﬁln a¥fte 4thgt_er
Pomos 1 Pon e b St ERL o8 LLEE: oBhS1 08 “eBRhiph 55 bafastnBRRESE: ook
renmoval rat ﬁéyéé?hieQe?ggligé}gn]geﬁgg%?si tion imedi ately after the s

preparation-a st ock renova e with the polishing conposition
left to stand f d4.4daysnato22 .Lhe _c 3 + RO i e’ .0
(good) neans thg{hth% %ecr ease %ﬁpjt)}%:é%tsgc%‘rgggngggé th gh\%a%§§ 1:rmst
10% and A (Sid e POSF ) e asetbat 1 H9-HeErR258 HP=bhBeSt BEKNIY;
renoval rate was nore than 10%‘§e- 28 - T,%\B!_E 1 Exa‘{.lzrp?% Aﬁ?on?cfﬂlglng
surfactagt N Srdiid RCAmdin P5 05 £Chh On{ bh ik f 96 PEHG: 88€NENd &

Oxi di zi ng agent 1Etching agent Abrasive grains pHcontrolling agent

Hd Water comdciortiyyl @udfStoeke el abat &t s Nehat Mhd Ghtag £BALadt
Pot life Typel/content (g/L) Type/content (g/L) HLB val ue d oud poi nt

(O Type/ contreyite (off LDhdypes ored et 419/ dhjdypetcops epdbl {gheédl, after
Type/ content (g/L) Average prinmary '
being polished by means of the polishing composition,
would be at most 60°, preferably at most 45°, more
15 preferably at most 30°.
The anionic surfactant contained in the polishing
- composition of the first embodiment has a function to be
electrically adsorbed on the surface of the conductor
layer 14 in a pH range of from neutral to acidic to form
20 a protecting film. In the pH range of from neutral to
acidic, the surface potential of the conductor layer 14
made of copper 1s positive. Therefore, an anion group as
a hydrophilic portion of the anionic surfactant will be
bonded to the surface of the conductor lavyer 14, and a
25 hydrophobic portion of the anionic surfactant will be

located at the side opposite to the surface of the

conductor layex 14. Accordingly, the surface of the



particle size (nn) Type/content (g/L) 1 A/ 0.16 B1/ 0.5 12.8
32 C1/ 0.05 D1/ 10.2 EI/ 10 FI/ 10 30 - 6.7 18 735 66 0 2 Al,' 0.16
B1/ 1 12.8 32 C1/ 0.05 D1/ 10.2 El/ :

10

15

20

25
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protection film by such an anionic surfactant has
hydrophobicity. Once a protection f£ilm by the anionic
surfactant is formed on the surface of the conductor
layer 14, the affinity between the abrasive grains and
the surface of the conductor layer 14 decreases, and the
stock removal rate of the conductor layer 14 by the
polishing composition decreases. As a result, excessive
removal of the inside portion of the conductor layer 14
will be suppressed, and dishing (see Fig. 2) will be
suppressed.

The anionic surfactant contained in the polishing
composition preferably contains at least one compound
represented by the chemical formula R1-Y1l or R1-X1-Y1,
wherein Rl is an alkyl group, an alkylphenyl group or an
alkenyl group, X1 is a polyoxyethylene group, a
polyoxypropylene group or a poly(oxyethylene-
oxypropylene} group, and Y1l is an anionic functional
group. The anionic functional group for Y1 is preferably
a residue of a carboxylic acid, phosphoric acid,
phosphorus acild, sulfuric acid, sulfurous acid or a salt
thereof. The counter ion contained in the anionic
functional group is not particularly limited and may, for
example, be an ammonium cation, an amine cation or an
alkali metal cation such ag a lithium cation, a sodium
cation or a potassium cation. Among them, with a view to
improving the stock removal rate of the conductor layer

14 by the polishing composition, preferred is a potassium



10 FI/ 10 30 - 6.7 13 798 49 C) 3 Al 0.16 B1/ 2 12.8 32 C1/ 0.05 D1/
10.2 EI/ 10 FI/ 10 30 - 6.7 21 801 47 0 4 Al,' 0.16 B1/ 3 12.8 32 C1/

0. 05
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cation, an ammonium cation or an amine cation, more
preferred is an ammonium cation or a triethanolamine
cation, and most preferred is an ammonium cation.

The content of the anionic surfactant in the
polishing composition has a close relation with the
suppression of dishing and the stock removal rate. If it
is too small, no adequate protection film to strongly
suppress excessive polishing of the conductor layer 14
will be formed on the surface of the conductor layer 14,
whereby dishing may not be sufficiently suppressed. With
a view to suppressing the dishing more strongly, the
content of the anionic surfactant in the polishing
composition is preferably at least 0.0l g/L, more
preferably at least 0.03 g/L, more preferably at least
0.05 g/L, further preferably at least 0.08 g/L, most
preferably at least 0.1 g/L. On the other hand, if the
content of the anionic surfactant in the polishing
composition is too large, the protection f£ilm will be
excessively formed on the surface of the conductor layer
14, whereby polishing of the conductor layer 14 will be
suppressed too much. In order to maintain the stock
removal rate of the conductor layer 14 by the polishing
composition to be high, the content of the anionic
surfactant in the polishing composition is preferably at
most 10 g/L, more preferably at most 5 g/L, further
preferably at most 1 g/L, still further preferably at

most 0.5 g/L, most preferably at most 0.3 g/L.
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When the anionic surfactant contained in the
polishing composition contains a compound represented by
the chemical formula R1-X1-Y1l, the average number of
repeating units in X1 has a close relation with the metal
corrosion at the wiring edge portion in the conductor
layer 14. If it is too large, metal corrosion so-called
slit is likely to occur at the wiring edge portion. With
a view to suppressing metal corrosion at the wiring edge
portion, the average number of repeating units in X1 is
preferably at most 6, more preferably at most 4, most
preferably at most 2.

The nonionic surfactant contained in the polishing
compogition of this embodiment has a function to be
adsorbed on the hydrophobic surface of the protection
film by the above anionic surfactant to form a protection .
film. The hydrophobic portion of the nonionic surfactant
will bond to the hydrophobic surface Qf the protection
film by the anionic surfactant, and the hydrophilic
portion of the nonionic surfactant will be located on the
side opposite to the hydrophobic surface of the
protection £ilm by the anionic surfactant. Therefore,
the surface of the protection film by the nonionic
surfactant formed on the hydrophobic surface of the
protective film by the anionic surfactant has
hydrophilicity. Once the protection film by the nonionic
surfactant is formed on the hydrophobic surface of the

protection film by the anionic surfactant, the affinity



32 C1/ 0.04 D1/ 10.2 EI/ 10 FI/ 10 30 - 6.7 25 501 45 0 7 Al 0.16
B1/ 1.5 12.8 32 C1/ 0.04 D1/ 10.2 EI/ 10 FI/ 10 30 - 6.7 12 408 19 O
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between the abrasive grains and the surface of the
conductor layer 14 will be improved, whereby the stock
removal rate of the conductor layer 14 by the polishing
composition will be improved. As a result, an.excessive
decrease of the stock removal rate of the conductor layer
14 by the polishing composition due to the use of the
above anionic surfactant will be suppressed.

The nonionic surfactant contained in the polishing
composition preferably contains at least one compound

represented by the chemical formula R2-X2 and having a

HLB value of from 10 to 16. Here, R2 is an alkyl group,

and X2 is a polyoxyethylene group, a polyoxypropylene
group or a poly(oxyethylene-oxypropylene) group, and Y1
is an anionic functional group. X2 is preferably a
polyoxyethylene group. Namely, the nonionic surfactant
contained in the polishing composition preferably
contains a polyoxyethylene alkyl ether.

The content of the nonionic surfactant in the
polishing composition has a close relation with
suppression of the decrease of the stock removal rate and
suppression of dishing. If it is too small, the
excessive decrease of the stock removal rate of the
conductor layer 14 may not be strongly suppressed. With
a view to suppressing the excessive decrease of the stock
removal rate of the conductor layer 14 more strongly, the
content of the nonionic surfactant in the polishing

composition is preferably at least 0.01 g/L, more



131/ 1.5 12.8 32 C1/ 0.04 D1/ 10.2 EI/ 10 FI/ 16 30 - 6.8 13 322 13
© 9A, 0.16 E/ 1.5 12.832 C! 0.04 DI/ 10.2 EI/ 10 FI/ 10 15 -
6.7 20 553 28
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preferably at least 0.05 g/L, more preferably at least
0.1 g/L, most preferably at least 0.3 g/L. On the other
hand, 1f the content of the nonionic surfactant in the
polishing composition is too large, the action to
5 suppress dishing by the anionic surfactant and the
protection film-forming agent is likely to be weak,
whereby dishing is likely to occur. Further, the ability
of the polishing composition to peolish the conductor
layer 14 may rather decrease. With a view to suppressing
10 dishing more strongly, the content of the nénionic
surfactant in the polishing composition is preferably at
most 20 g/L, more preferably at most 10 g/L, further
preferably at most 5 g/L, most preferably at most 3 g/L.
The nonionic surfactant contained in the polishing
15 composition of this embodiment has a physical parameter
so-called a cloud point. This cloud point has a close
relation with the intensity of the corrosive action of
the polishing composition. If the cloud point of the
nonionic surfactant contained in the polishing
20 composition is too high, the corrosive action of the
pelishing composition is likely to be excessively
intensified. With a view to inhibiting the excessive
increase of the corrosive action of the polishing
composition, the cloud point of the nonionic surfactant
25 contained in the polishing composition is preferably at
most 90°C, more preferably at most 50°C, most preferably

at most 35°C.



10 AI/ 0.16 fl," 1.5 12.8 32 C1/ 0.04 D1/ 10.2 EI/ 10 FI/ 10 22 - 6.7
20 627 36 C) - 29 - TABLE | (Continued) Exanple Anionic surfactant
Noni oni ¢ surfactant Protection filmform ng agent Oxidizing agent

Et chi ng agent Abrasive grains pHcontrolling agent Rd Water contact
angle Stock renoval rate (nnimn) D shi-ngg(nm Pot [ife Typel/content
(g/L) Typel/content (g/L)

The average number of repeating units in X2 in the
nonionic surfactant contained in the polishing
composition, has a close relation with the solubility of
the nonionic surfactant in water. If it is too small,

5 the nonionic surfactant tends to be hardly soluble in
water. With a view to increasing the solubility of the
nonionic surfactant in water, the average number of
repeating units in X2 is preferably at least 2, more
preferably at least 3. On the other hand, if the average

10 number of repeating units in X2 in the nonionic
surfactant contained in the polishing composition is too
large, metal corrosion is likely to occur at the wiring
edge portioﬁ in the conductor layer 14. With a view to
suppressing metal corrosion at the wiring edge portion,

15 the average number of repeating units in X2 is preferably
at most 20, more preferably at most 15, most preferably
at most 10, |

The HLB value of the nonionic surfactant contained
in the polishing composition has a close relation with

20 suppression of the decrease of the stock removal rate and
suppression of dishing. If it is too low, the excessgive
decrease of the stock removal rate of the conductor layer
14 may not so strongly be suppressed. With a view to
suppressing the excessive decrease of the stock removal

25 rate of the conductor layer 14 more strongly, the HLB

value of the nonionic surfactant contained in the

polishing composition is preferably at least 10, more



HLB value (D.) quTod pnoTo Type/content (g/L) Type/content (g/L)
Type/ content (g/L) Type/content (g/L) Average primary particle size
(nm  Type/content (g/L) 11 A/ 0.16 81/ 1.5 12.8 32 C1/ 0.04
D1/ 10.2 EI/ 10 FI/ 10 43 - 6.7 19 892 65 C) 12 A/ 0.16 81/ 1.5
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preferably at least 10.5, further preferably at least 11,
most preferably at least 11.5. On the other hand, if the
HLB value of the nonionic surfactant contained in the
pglishing composition is too high, the action to suppress
dishing by the anionic surfactant and the protection
film-forming agent is likely to be weak, whereby dishing
is likely to occur. With a view to suppressing dishing
more strongly, the HLB value of the nonionic surfactant
in the polishing composition is preferably at most 16,
more preferably at most 15, further preferably at most
14, most preferably at most 13.5. Herxe, the HLB value of
the nonionic surfactant may be obtained, for example, by
a Griffin method. |

The polishing composition of this embodiment
preferably further contains a protection film-forming
agent. The protection film-forming agent has a function
to be abscrbed on the surface of the conductor layer 14
to form a protection film. The surface of this
protection film by this protection film-forming agent has
hydrophobicity. Once the protection film by the
protection film-forming agent is formed on the surface of
the conductor layer 14, the affinity between the abrasive
grains and the surface of the conductor layer 14
decreases, and the stock removal rate of the conductor
layer 14 by the polishing composition decreases. As a
result, excessive removal of the inside portion of the

conductor layer 14 will be suppressed, whereby dishing



12.8 32 C1/ 0.04 D1/ 10.2 EI/ 10 FI/ 10 55 - 6.7 18 1070 75 C) 13 Al
0.16 EI/ 1 12.8 32 C1/ 0.05 D1/ 10.2 EI/ 10 FI/ 10 30 - 6.7 14 700 49
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will be suppressed.

The protection film-forming agent contained in the
polishing composition may be benzotriazole or a
benzotriazole derivative. The benzotriazole derivative
is one having hydrogen atoms bonded to the five-membered
ring of benzotriazole replaced by other atomic groups .
With a view to suppressing dishing more strongly, the
protection film-forming agent contained in the polishing
composition is preferably benzotriazole. In the
protection film by benzotriazole, the five-membered ring
portion of benzotriazole is bonded to the surface of the
conductor layer 14, and the benzene ring portion of
benzotriazole is located at the side opposite to the
surface of the conductor layer 14, and consequently, the
surface has hydrophobicity. In the protection film by a
benzotriazole derivative, the five-membered ring portion
of the benzotriazole derivative is bonded to the surface
of the conductor layer 14, and the benzene ring portion
of the benzotriazole derivative is located at the side
opposite to the surface of the conductor layer 14,
whereby the surface has hydrophobicity.

The content of the protection film-forming agent in
the polishing composition has a close relation with the
stock removal rate and suppression of dishing. If it is
too small, no adequate protection film to strongly
suppress excessive polishing of the conductor layer 14

will be formed on the surface of the conductor layer 14,



0.16 B2/ 0.3 11.5 24 C1/ 0.05 D1/ 10.2 EI/ 10 FI/ 10 30 - 6.7 12 530
48 C) 15 Al 0.16 B2/ 1.5 11.5 24 C1/ 0.05 D/ 10.2 EI/ 10 FI/ 10 30
- 6.7 22 842 32
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whereby dishing may not be sufficiently suppressed. With
a view to suppressing dishing more strongly, the content
of the protection film-forming agent in the polishing
composition is preferably at least 0.001 g/L, more

s preferably at least 0.01 g/L. On the other hand, if the
content of the protection film-forming agent in the
polishing composition is too large, the prétection film
will be excessively formed on the surface of the
conductor layer 14, whereby polishing of the conductor

10 layer 14 tends to be excessively suppressed. In order to
maintain the stock removal rate of the conductor layer 14
by the polishing composgition to be high, the content of
the protection film-forming agent in the polishing
composition is preferably at most 1 g/L, more preferably

15 at most 0.2 g/L,

The polishing composition of this embodiment
preferably fufther contains an oxidizing agent. The
oxidizing agent has a function to oxidize the conductor
layer 14 and thus serves to improve the stock removal

20 rate of the conductor layer 14 by the polishing
composition. The oxidizing agent contained in the
polishing composition may be a peroxide such as hydrogen
peroxide or ammonium persulfate. With a view to reducing
metal contamination of the conductor layer 14

25 attributable to an oxidizing agent, hydrogen peroxide is
preferred.

If the content of the oxidizing agent in the
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polishing composition is too small, the stock removal
rate of the conductor layer 14 by the polishing
composition will not be substantially improved. With a
view to improving the stock removal rate of the conductor
layer 14 by the polishiﬁg composition substantially, the
confent of the oxidizing agent in the polishing |
composition is preferably at least 1 g/L, more preferably
at least 3 g/L, most preferably at least 5 g/L. On the
other hand, 1f the content of the oxidizing agent in the
polishing composition is too large, the polishing ability
of the polishing composition against the conductor layer
14 tends to be too high, whexeby dishing is likely to
occur. With a view to suppressing dishing more strongly,
the content of the oxidizing agent in the polishing
composition is preferably at most 30 g/L, more preferably
at most 20 g/L, most preferably at most 15 g/L.

The éolishing composition of this embodiment
prreferably further contains an etching agent. The
etching agent'has a function to etch the conductor layer
14.and serves to improve the stock removal rate of the
conductor layer 14 by the polishing composition. The
etching agent contained in the polishing composition may
be an o-amino acid such as glycine, alanine oxr valine.
With a view to improving the stock removal rate of the
conductor layer 14 by the polishing composition more,
glycine is preferred.

If the content of the etching agent in the polishing
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composition is too small, the stock removal rate of the
conductor layer 14 by the polishing composition will not
be substantially improved. With a view to improving the
stock removal rate of the conductor layer 14 by the
polishing composition substantially, the content of the
etching agent in the polishing composition is preferably
at least 0.5 g/L, more preferably at least 1 g/L, further
preferably at least 3 g/L, most preferably at least 5
g/L. On the other hand, if the content of the etching
agent in the polishing composition is too large, the
bolishing ability of the polishing composition against
the conductor layer 14 teﬁds to be too high, whereby
dishing is likely to occur. With a view to suppressing
dishing more strongly, the content of the etching agent
in the polishing composition is preferably at most 50
g/L, more preferably at most 30 g/L, furthexr preferably
at most 20 g/L, most preferably at most 15 g/L.

The polishing composition of this embodiment
preferably further contains abrasive grains. The
abrasive grains play a role of mechanically polish the
conductor layer 14 and serve to improve the stock removal
rate of the conductor layer 14 by the polishing
composition. The abrasive grains contained in the
polishing composition may be silica. With a view to
reducing surface defects of the conductor layer 14 after
polishing, colloidal silica is preferred.

If the content of the abrasive grains in the
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rate of the conductor layer 14 by the polishing
composition will not be substantially improved. With a
view to improving the stock removal rate of the conductor
5 layer 14 by the polishing composition substantially, the
content of the abrasive grains in the polishing
composition is preferably at least 0.5 g/IL, more
preferably at least 1 g/L, most preferably at least 5
g/L. On the other hand, if the content of the abrasive
10 grains in the polishing composition is too large, the
polishing ability of the polishing composition against
the conductor layer 14 tends to be too high, whereby
dishing is iikely to occur. With a view to suppressing
dishing moré strongly, the content of the abrasive grains
15 in the polishing composition is preferably at most 100
g/L, more preferably at most 50 g/L, most preferably at
most 20 g/L.
If the average primary particle size of the abrasive
grains contained in the polishing composition is too
20 small, the stock removal rate of the conductor layer 14
by the polishing composition will not be substantially
improved. With a view to improving the stock removal
rate of the conductor layer 14 by the polishing
composition substantially, the average primary particle
25 size of the abrasive grains contained in the polishing

composition is preferably at least 3 nm, more preferably

at least 5 nm, most preferably at least 8 nm. On the
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other hand, if the average primary particle size of the
abrasive grains contained in the polishing composition is
too large, the abrasive grains tend to settle in the
polishing composition. With a view to preventing such
settlement of the abrasive grains, the average primary
particle size of the abrasive grains contained in the
polishing composition is preferably at most 200 nm, more
preferably at most 100 nm, most preferably at most 50 nm.
Here, the average primary particle size of the abrasive
grainé is calculated from the specific surface area of
the abrasive grains, measured by a BET method.

The pH of the polishing composition of this
embodiment has a close relation with the adsorption
action of the anionic surfactant to the surface of the
conductor layer 14. For this adsorption action to work
efficiently, the pH of the polishing composition is
preferably from about neutral to acidic. However, if the
pH of the polishing composition is in a strongly acidic
range, dishing is likely to occur. With a view to
suppressing dishing more strongly, the pH of the
polishing composition is preferably at least 2, more
preferably at least 4, most preferabl? at least 6. On
the other hand, if the pH of the polishing composition is
in an alkaline range, decomposition of the etching agent
in the polishing composition is likely to occur as the
time passes, whereby the pot life of the polishing

composition is likely to decrease. Further, formation of
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a protection film by the anionic surfactant is likely to
be prevented. With a view to avoiding such adverse
effects, the pH of the polishing composition is
preferably at most 9, more preferably at most 8.5, most
preferably at most 8.

According to this first embodiment of the present
invention, the following merits can be obtained.

The polishing composition of this embodiment
comprises an anionic surfactant and a nonionic surfactant
so that the water contact angle of the surface of an
object to be polished, after being polished by means of
the polishing composition, would be at most 60°,
preferably at most 45°, more preferably at most 30°. This

polishing composition exhibits a performance to satisfy

both the required performance relating to dishing and the

required performance relating to the stock removal rate
with respect to the affinity between the surface of the
object to be polished, and the abrasive grains.
Accordingly, the polishing composition of this embodiment
is particularly useful for an application to polish a
conductor layer 14 in a semiconductor wiring brocess.

The above embodiment may be modified as follows.

The polishing composition of the above embodiment
may be prepared by diluting a concentrated stock solution
before use.

To the polishing composition of the above

embodiment, known additives such as a pH-controlling
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agent, an antiseptic and a defoaming agent may be added,
as the case requires.

Now, Examples of the first embodiment of the present
invention and Comparative Examples will be described.

Polishing compositions of Examples 1 to 31 and
Comparative Examples 1 to 4 were prepared by mixing an
anionic surfactant, a nonionic surfactant, a protection
film-forming agent, an oxidizing agent, an etching agent,
abrasive grains and a pH-controlling agent with water, as
the case requires. The details of the anionic
surfactant, the nonionic surfactant, the protection film-
forming agent, the oxidizing agent, the etching agent,
the abrasive grains and the pH-controlling agent in each
polishing composition, and the pH of each polishing
composition are as shown in Table 1 $r 2;

In the column for “water contact angle” in Tables 1
and 2, the results of measurement of water contact angles
of wafer surfaces after polishing copper blanket wafers
having a diameter of 200 mm under the polishing
conditions shown in Table 3 by means of the polishing
compositions of Examples 1 to 31 and Comparative Examples
1l tc 4, are shown. The measurement of the water.contact
angles was carried out after rinsing with pure water the
surfaces of the wafers after polishing. For the
measurement of the water contact angles, wafer cleaning
treatment evaluation apparatus “CA-X200”, manufactured by

Kyowa Interface Science Co., LTD. was used.
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In the column for “stock removal raté” in Tablesg 4
and 5, the stock removal rate is shown which was obtained
when a copper blanket wafer having a diameter of 200 mm
was polished under the polishing conditions as identified
in Table 3 by means of each of the polishing compositions
of Examples 1 to 31 and Comparative Examples 1 to 4. The
stock removal rate was obtained by dividing the
difference in thickness of each wafer as between before
and after the polishing by the polishing time. For the
measurement of the thickness of the wafer, a sheet
resistance measuring apparatus “VR-120”, manufactured by
Kokusai Electric System Sexrvice Co., Ltd. was used.

In the column for “dishing” in Tables 1 and 2, the
results of measurement of the dishing amount of a copper
pattern wafer (854 mask pattern) of SEMATEC polished by
means of each of the polishing compositions of Examples 1
to 31 and Comparative Examples 1 to 4, are shown.
Specifically, the copper pattern wafer of SEMATEC
comprises a barrier layer made of tantalum and a
conductor layer made of copper and having a thickness of
1,000 nm segquentially formed on an insulator layer made
of silicon dioxide and having trenches, and has an
initial concave portion with a depth of 500 nm on the
upper surface. This copper pattern wafer was
preliminarily polished by means of a polishing material
“PLANERLITE-7105" of FUJIMI INCORPORATED uﬁder the

polishing conditions as identified in Table 3 until the
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thickness of the conductor layer became 300 nm, before
polishing by means of each of the polishing compositions
of Examples 1 to 31 and Comparative Examples 1 to 4.
Then, by means of each of the polishing compositions of
Examples 1 to 31 and Comparative Examples 1 to 4, the
copper pattern wafer after the preliminéry polishing, was
polished under the polishing conditions as identified in
Table 3 until the upper layer of the barrier layer
exposed. Thereafter, by means of a profiler “HRP340” as
a contact type surface measuring apparatus of KLA-Tencor
Corporation, the dishing amount wasg measured at an area
of each wafer where a trench with a width of 100 um was
independently formed.

In the column for “pot life” in Tabies 1 and 2, tﬁe
results of evaluation of the pot life of each of the
polishing compositions of Examples 1 to 31 and
Comparative Examples 1 to 4 are shown. Specifically,
using each of the polishing compositions of Examples 1 to
31 and Comparative Examples 1 to 4 immediately after the
preparation and each of the polishing compositions of
Examples 1 to 31 and Comparative Examples 1 to 4 after
being left to stand still for 14 days in a constant
temperature tank of 25°C after the preparation,
respectively, the copper blanket wafer was polished under
the peolishing conditidns as identified in Table 3. And,
the stock removal rate was calculated by dividing the

difference in thickness of each wafer as between before
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and after the polishing by the polishing time, and the
pot life of each polishing composition was evaluated,
based on the comparison between the stock removal rate
with the polishing composition immediately after the

5 preparation and the stock removal rate with the polishing
composition left to stand for 14 days at 25°C. In the
column for “pot life”, O (good) means that the decrease
in the stock removal rate was at most 10%, and A

(slightly poorxr) means that the decrease in the stock

10 removal rate was more than 10%.
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Here, | the carbon funber 2of| the |al Kyl Group i 8 $he dol ydxyet hyl ene

al kyl| ethergip £rom 12|t9 (143 = |ngt h(e;écof,uﬁn #qr "gr@tpctiong
llayerformdhg| agent” i n Fabl §s |1 @nd 2, rgpmes%nts begz Dt oi azgl ¢.
In the cbl m|far|"oxi dizilngsagent” |ia Tahl ¢§ a| and 25 |25 D1§ 0
represent s hyfir 8gen pef dXilded S Indt heScobydn $ar gt Ehj nf dg&ht "4
in Tables T ahdg2| B [&rlesgnts Pl ychne. 5 1533 5 | § L hE coldumT
for "labrasifye| glalnsd [ e Tables and 05 redgnts |cel | obdal w | ©
silica. g rt—-g?heio ] fE%r p]%- C O E%ag%nt't‘?fi n=Thbhes A and
2, Glirepreyents potassium _kyd e TABLE 3 As—showT{in
Tabl es 11 éﬁ"i P, ~i n Exappt e%@%};t %ﬁiﬁ Eﬁ?.i%ﬁl}ﬁ:a‘&lol y sgta.gfiek3 prag results
wer e bt iipﬂ?d w-th—10—fespect—o—eath—et—+he—stpekremvat-+at-¢—and

t he dj sh g)g Wher eas, [ n (o native Eza Les 1) to |4, with|respect |to
ei t her 20p -8 | t he| stock r¢ Al Pt ELAGE 4133@ shi ng .78 gy acpi ¢ally -
satisfac.c?r‘lg result was ngt?:8BtdPmed. 21 n e col umis fqr "di shing"
and "jpat | 19- P'ng 15 Oonparga; EQSX ng}=séé and| 2, |(-) |meaps that the
st ockj refoval b I t { B/ pBasuenent - o3t o

eval ua?i bn_wasli J%%vg%‘sb?g 0.05 | 1Th2| p8l | s 15’ corrpcggl"tPIi i ag%%r iriﬁgO

4 B bt 4

mi xi ng “pf edet er i ped ahountes osf 1802 anohie 54Pf[act 4

on
to the second| enbodi nept ofcihe mur/esent | FoYention ifs priepayr ed b

6T |20 Bra( 6ae
filmformng agent, and a noni oni C surfactant, preterapry togethner

wi th predeterm ned anounts of an oxidi zing agent, an etchi ng agent

and abrasive grajns, with - water, s@ that.the pH would be from2 to 9.
Thus, the pol | gt RONEORRTROROB! Ehi SHLibBUF RBAE EGhpr PsdetaRs 1

and 2, Al represents polyoxyethylene lauryl ether

5 ammonium sulfate wherein the average number of repeating
oxyethylene units is 2, A2 represents polyoxyethylene
lauryl ether triethanolamine sulfate wherein the average
number of repeating oxyethylene units is 1.5, A3

represents polyoxyethylene lauryl ether ammonium



10 anionic surfactant, a protection filmform ng agent, a nonionic
surfactant and water and preferably further contains an oxidi zing
agent, an etching agent and abrasive grains. The anionic surfactant
contained in the polishing is conposition of this second enbodi nent
has a function to be electrically adsorbex on the surface of the
conductor layer 14 in a pHrange of fromneutral to acidic to forma
protecting fFPﬁfOPﬁtFh@hEFFFBngEeoﬁV?FéﬁﬁnéuﬂbaF £6 zEPEeREinghe
surface potenti al o£ t he conductor layer 14 20 made of copper is
positive. Ther¥FbR¥LIeBR YRLbA ¢Fodp A8 ARYEEEPRFI AEVBBANMoAYEYhe
ani oni c surfac;gnt wi ||l be bonded to the surface of the conductor

| ayer 14, ant™arfiyar opRobFe*pEFEF8n2BRCRAEMaAABRYE S6RFEEEaRUINPFEtRe
| ocated at t side o site to.the surface of the 25 conductor |ayer
19 accordi ribfyEePRRSBRFF aREnORt bR L RHGY SoBPSRAEFY ity S ERECRATGH &
surfactant h hydr ophobi ci t ce . the-protection filmby th

ani oni c G 8}y§ﬁ¥?ac¥gﬁ?6i%1¥§?n88egxltﬁg ?6r?§8§ph9rﬁﬁeagéﬁductor

| ayer 14, t i Di b t asi-ve_grains_and. t urface.of
o conduct o FEgHl tfe qERaEEde ASuBRERREY EpBERt TRa0 iy h B ¥hr "B e

conductor |ayer, }4A§yr%§feg§£%%%89agggaggp E%edeﬁ%ﬁgé@%e 858 a

result, excessive reno € 1 nsi ron 6f nauct or

| ayer 14 wilbobeoRipphessed. 2 Aeh ILEALRODOEEESELY. 22Letbh! WlErein the
suppressed. The anionic surfactant contarned in the pol1'shi ng iy
conposi ti on prefgsabhymEept 8f nﬁe%atgagt oRPecRPTRANNGLE ER €seBt ed Ry
the chem cal formula 121-Y1l'" or -X1-Y1l', "wherein RL is an al kyl
group, an alkyb phepyds@heypa OpoBRoRVKEAYL eHEOURur¥l bE8har ammonium
pol yoxyet hyl ene group, a pol yoxypropyl ene group or a

pol y( oxyet hydesieat d Switsypinpyhengyegage pnuabdr YoF r&psaBOnid4l group
or a SOAML group. ML in the 503141 group and the SO4AML group is a
counter ion.oxheticplenerundnsissndt particularly limted and may, for
exanpl e, be an ammoni um cation, an am ne cation or an al kali netal
cation such as alhithéugr20muafoon'nansodigmsvataciaot”aipoTabdiesml
cation. Anong them with a viewto inproving the stock renoval rate
of the condwEtdr2| Herrapresenhe pabbshtrgetbupeset sdkylpesherred is
a potassium cation, an anmonium cation or an am ne cation, nore
preferréd i haratPoMemteridn Bimaepsof r reppahsnanrrecthyione undts
nost preferred i s an amoni um cation, The content of the anjonic
surfactant i¥®the B2 ZRPLEHATI A ngP tBAPBSFRY banfas2ar ¥l o8ERPE| ati on
with the sug@{essjon of dishiqg and t he gtock repoval rate. it is

| f i
too small, MO HfeRatRE FHETetes FFrFi Po SEPBAGHYIsapprERElpRg units
excessive poalishinhg of .t conductor layer.s 14 wll be forned op the
surface of fﬁ%‘%ﬁ%ﬁd%?%ﬁgfa %ﬁrﬁﬁ?nﬁﬁe?eB?lﬁ?§ﬂ?%%yLﬁ eng?uﬁgg otner
sufficientl WY i to_suppressing the dishing not
Strongly.  HARBRRE RS Vg AL Do P U PR ERELY, (iP5 0T Lpfie Re e
conposi t,i,on 45 Jreterabl t r | 2
| east 0.03 gll L,” further )pérh%f gra%%kl g{&#eegé?fo%%eg‘%%ﬁsﬁlﬁﬂ%buﬁ f}t‘ﬁel}e
preferably gfolRasteCh P Lol 0pSte it el abkyAtdeast 9.1 o/L. On
the ot her hgﬁﬁ, iff%hé?%%ntenﬁagg ?he anion#cosyr%ac;a%?'in t he
pol i shing conpost ke i Sol@fn! A58ex &Beeeﬁ%ﬁcw%rtfbgmwg' aBgnt®
excessively formed on the surface of the conductor |ayer 14, Whereby
pol i shing ofir Meywnductpid | By ef1 IhepdseRes SHEREESSL42600 much. In
order to maintain the stock renoval rate of the conductor |ayer 14 by
t he polishing corpostd i @ ditn bEohi 9bxibihgisgnhgshtof ihheaBMantc 22§
surfactant in the polishing conposition is preferably at nost 10 g/L,
mor e preber @yl Ypiatremsdsenigd lhydasdderpopretedably at nost 1 g/L
still further preferably at nost 0.5 g/L, nost preferably at nost 0.3
g/L. Wen the arimnilee seofwot ahdr coatahird agetbe 2h pablsebi ngand 2,

El represents glycine.



The protection filmform ng agent contained in the polishing
conposition may be benzotriazole or a benzotriazole derivative. The
benzotri azol e derivative 25 is one having hydrogen atons bonded to
the five-nmenbered ring of benzotriazole replaced by other atomc
groups. Wth a view to suppressing dishtng3 nmore strongly, the - 38 -
protection filmform ng agent contained in the polishing conposition
is preferably beﬁE‘oFPFaESﬁéleI % Otthe aprarddia G afiinsh By %‘]&]@Eﬁ‘ iz,
the five-nmenbered ri ng gorti on &E bgn otriazole is bonded to the
surface of the B! cbrBlErBrtPageleadadngitp&2penzene ring portion of

benzotriazole is Ioggt ed gt th% si de o?%osit to the surface of the
conductor |ayer 1%, “Bfid CoHESqdERt | PE-CREtEellddd RSy dridhiciad L

In the prot ectéo% f'%m bé a beEzotr'tazol.e 1% erivative, t he
five-nmenber €d'%i iy % rt FBRBF t RePBERZ G HlaZ8PE“deFFvat i ve i s bonded
to the syrface of the conductor |ayer 14, and the benzene ring
portion o6f the benzotriazole derivative is |ocated at the side

opposite to X%Lé face of the conductor |ayer 14, whereby the 15
surface has_hydrophobicity. The content of the protection

filmformng agent in the polishi minheonpbsigelarstiasy anadlobee r bat con,
with the stioeklisirbval maahénand t helsmppressifnnirsd Sy ngopliedt is
too small, |no adequate protection Mdddet0$tranal y 20 suppress the
excessi ve polishing of the conductor layer 14 will be formed on the

surface of {the conductor layer 14, whelghys i dByr NOL1 P8rethane,
suffici entlypﬂwgﬁ?efg gWth a vigw to £sslng di s )Ergéeb
strongly, tlhe conten ?°{ he pr ot qgti on d }g}cor%’la%{ln agel\?r% |n.¥i1e
25 pol i shing conposition is preferabty Ht HEaT o r‘%ﬂ_, rerials
preferably |aolestsindg. 01 g/L. On the other hand, if the content of
the protectlimreddlraforning agent 4 ®%hel= AL Iohi§ JHFy
conposition is too large, the protection filmwll be forned

excessi vel y TPthertaFaeeadbf the lccgp% or layer 14, and poli shing
of the condute®di ayer 14 may be suppréssed too nuch. In order to

mai ntain the s stock renoval rate of the conductor |ayer 14 by the
pol i shi ng gdtgmssintaton oD be high, the content of the protection
filmform noclgesting the polishi rpocaipoesidi on is preferably at nost
1 g/L, nore gsmiedadionat nost 0.2 g/L. 10The nonionic surfactant
contained ijn the polishing conposition of this enbodi nent has a

function td dgadsorhed on.the hydrophobic surface of the protection
filmby the ghaye anionic surfactad® am¥ the above protection

filmform ngagent;—to formaprotectt+on—fHtm—15—Ahydrophobte
portion of the nonionic surfactant will be bonded to the hydrophobic
" surface of the protection filmby the anionic surfactant and the
protection fil midrineignagentabifg a Apdr 8phiihi Expopliesn loftct B4,
nonionic surfactant will be |ocated at- the side opposite to the 20
hydr ophobi ¢ REARFEGE by t$RE b b ekervnr LAt Bywehe ahtaanedswiftlct ant
and the protection filmfarm ng agent. Therefore, the surface of the
prot ect F8n AR thRe ?ﬁ)%? r cEREr Fhetant ePeY AR ardhet Aehi8fophobi c
surface of the . protectjon film., SC;he ani.oni c surfactant and the, 25
protection {5 ni %egﬁérﬁ', 19% RGPS GH3P ISR et the 4, with

ant. i s forned

ot oo LR, e ALER 2o 898k k! RS, PLALE o pne

purfactan Wiie PLSSISIUP IR AGedelt ol S,
1L, e, IPERSpter iy e gl SIS ) A0 SONVELEL: 5o
ool T S L 4 heagt a0k LR BRSO B

conductor |ay 1 on he use 0
removal rate was so low that the measurement or |



10 at nost 10 g/L, further preferably at nost 5 g/L, nost preferably
at nost 3 g/L. The noni onic surfactant contained in the
pol i shing conposition of this enbodi nent has a physical paraneter
so-called a cloud point. This cloud point has a close 15 relation
with the intensity of the corrosive actdi @t of the polishing
conposition. If the cloud point of the nonionic surfactant contained
in the polisévajuabhposyvesohmbesedblai gh, the corrosive action of the
polishing conposition is |likely to be excessively 20 intensified.
Wth a view to i FREbPPLAghiRe ExBpssitdonnareasdiog the thier sesiond
action of the polishing conposition, the cloud point of the nonionic
surfactant cONPAPHBRHF nOf hERPOPYIAFRE ¢BHPBELPT0AS| BrpPatefablymaking
nost 90C, nore preferably at nost 50C, nos{ preferably 25 at nost

35C. THRT & ?%@Eﬁ%ﬁ%b%?oﬁﬁt?eﬁ@aﬁ?n@nhﬂF%g FHE%2CFARERe@noni oni ¢
surfactant contained inftﬂe golishing - 42 - conposi tiogn, ha% a
close relPat i BRCHWFEH-Phet SUPUbPFREYS of IERE: ndRT ofi RORGPPAEL SHETRREANE ..
water. If it_is_to ma| | he nonjonic surfactant tends to he hardly
S0l ubi e 1 n BYEFSTITR SrtOFT o T her RESA G PRLAED: HBPRRES 6F he s

noni oni ¢ surfac LN r,_th verage nunber .of . repeating_units
in X2 is pre %&%ﬁ?@n%1a¥%%§t 3% %%?%1% e?%?%gPﬁn%taFéagfvg.g *tRe
other hand, J]e ey &Pl 808 OHIDCL, O ph S 4NGe UPLER bNe&2ol N Hilf
noni oni ¢ surtfactant contained I'n éppo I'shing conposition™is too 1o
Large, metal.gOrgOni Oihe bbishyt LoRCEH! cRLs t Biflhindll CddRpPOLLECHN
in the conductor layer 14. W a view to suppressing neta €orrosi on
at the Wori ngh £408: ROIEE OB:ah D AVEFSPEPUTRCE i Of- ESPRAhLNEAGHALL Sai N
X2 is preferably at nost 20, nore preferably at nost 15, “noSt ’
preferably |soiodDstsdPfactant Taed HeBc ¥Rl 4d Opr&PNrABNORLEther
surfactant contained in the polishing conposition has a cl ose

rel ati on wi tdorthelsspnt essidiz Hig t heedercr gasecehihheagbackananoval
rate and suppression of dishing. If it is too |low, the 20 excessive
decrease of diwestwckgraimyal rate of the conductor |ayer 14 may not
so strongly be suppressed. Wth a view to suppressing the excessive
decrease of the Bhecknienbyvaturfizetahtt hentandedt on khpepold shmng
strongly, the HLB val ue of the nonionic surfactant 25 contained in

t he pol i1§hi regpreeiidsien ot | shis etecanf yermvod baent 10asner éupeefenabby
at least 10.5, further preferably at least 11, nost preferably at

| east 11.5. be efpctigrahy adeethetdonithe rurfaceaplietbe eapductor
noni oni ¢ surfactant contained in the_polishing conposition is too

hi gh, the actd3¥F ti¢ s\t 8 RRIF Rf blyr Pheret Bhl cturEadigntcakarm

the protection filmform agent is likely to be ak, whereh
dishing is 13 RASFEH TRt (i et o 2050 & 5R)t RSHTTRY i o

strongly, the HLB val.ue of the nonjonic uré tant in the polishin
conposi ti on 3% pref 2}%%@‘-15#3%5903%1}‘:}1#60 ?@?‘%r‘é‘ﬁﬁlg‘lﬁpoﬁn Y95, 1%
further _preferabl 14, st. preferably 10 at_pnost., 13.5. Here
the Ha2dal JEET Tha oo it T uilan: THEy <55 e o stold &
obt ai ned by {.f £ T l.i,shi ng. 0SJ 1. t

enbodi ment pa?el'%drgacﬁﬂ)}]’fr%ért _ertlcéc])rgtcg]?_n&sﬁé;n%(l [ zi%%éfagg%%ltTﬂgfi@e
oxi dizi NG agefiadiftd diNGlOfde OXI e dlifueORUELPL: | PYEMadd and
thus serves to Inprove the stock renoval rate of the ondupfor layer
14 by the pal)SRIMGLICITRSHA O of N OXiiti 21 a9ePLcCRRE &) ped Lo the
pol i shing conposition may be a peroxide such as hydrogen 20 peroxXide
or ammoni UMIRRI=HEd alte. Nl td de VoByhd e d adyici g SR AL -£0pEapghpation
of the conductor layer 14 attributable to an oxidizi ng agent,

hydr ogeasperdptidtddy arpfar red. heddiieententf ddyepd digidige agent
in the 25 polishing conposition is too small, the stock renoval rate
of the condyxcddfedtayel fhidnb)oyt hEhpHnsIMIY SorpostdnOnhag! | not be

hydrophobicity. Once the protection film by the anionic



- 45 - stock renoval rate of the conductor |ayer 14 by the polishing
conposi tion substantially, the content of the etching agent in the
pol i shing conposition is preferably at least 0.5 g/L, nore preferably
at least 1 g/L, further 5 preferably at least 3 g/L, nost preferably
at least 5 g/L. On the other hand, if theszontent of the etching
agent in the polishing conposition is too |arge, the polishing
ability of t&BTrpBFE3RENdScEAPBSHL PBnthgairhst aCke ofohdigc conduayer 14
tends to be too high, whereby 10 dishing is |likely to occur. Wth a
view to supp;%¥§an4di§HPn@f%6Fét¥tP8ﬁ@??P the ébresitveopraiasetds ng
agent in the golishing conposition_is preferablﬁ at. nost 50 g/L,_ nore
preferably atPRoS¥r38cg PL Fhrt RERAPFEPEr BNV Tatl 4nbSCTeesghl, amsstthe

preferably at nost 15 g/#. 15The po#ishin conposition _of this
enbodi nent pFePEFabfPo¥art haFecBht APRsCRRPHSTERE draris 14TRY &fasi ve

i I | e. of hani. cal | lish th duct I 14 d
grains, Py Getolesgh meshapipallyopellshotle gonduelol Lavet 14 end
(1, Dol oML 00eg0, commesLiLon e AOLASLS 91 1S AN ARG b LS,

pol i shing conposI tion may be sSi

e proferrod 1T PheocoRrearcar fad AEFRERY. TR0 RAST 27, b03a%be

polishing cogpgsitigaagis too small, the stock removal rate of the
conductor |ayer 14 by the polishing conposition will not be
substantially i mpraved: oKEth 2 ' Qo OV -
renoval rate of the conduc%o?afgiggg?ﬁ E?%ﬁﬁg%ﬁgrﬁs *ﬁ%gé%ﬂgégﬁgﬁgn
subst antical | Yompbei€0bhepieDEribeyabbAELYR=0LRI 1820 bhe Rehbshinag
conposition is preferably at least 0.5 g/L, nore preferably at | east
1 g/L, nost psefesabtydaby! enst che@ibal Obothalat Rervhand, rfi-Kheyi:,
content of the abrasive grains in the polishing conposition is too

| arge, the pdiésdimgrabitisy alkibegpoetibshangatrypehihiydngegapnst the
conductor layer 14 tends to be too high, whereby 10 dishing is likely
to occur. Walkenwl ezwrdgp suppr essangoliyskRiyaghpheaesyrongl, ya t he
content of the abrasive grains in the polishing conposition is
preferably arokhnetynooey!ene npreuprefenabbyvdoxgeshybeéngll, nost
preferably at nost 20 g/L. 15If the _average primary particle size of
t he abr d$i veOXRiT PRY bome hi Heeup n 2@ Bl i $Ri AgSOIMb TR Y sa t B.M1
smal |, the stock renmoval rate of the conductor |ayer 14 by the

pol i shing cod&eti 8 Wit I(EhfotSblls groranend [Has BoeddedroWPt RSadvi ew
to inmproving the stock rempval 20 rate of the conductor layer 14 b
the pol i shi fPEOPost ?F on EF KRGS 13PT thie BRferRRyes b bk yv p%%‘f‘%%?‘é
size of the ab asiveggrains contained in the Eglishing conposition is

preferably &"4 &58f 3-Aim SHHMR Or FBrabl J™RPR L BRsFaEIRRy APspmine
f bl | t 8 he 25 other.hand, jf th

Ty par GRER %0 B e b ngrel FEIRE CuRbarton CHCRRED
ik Shze ( S ¢ .

Dottie fa ¢ reviod, ' eoah 8l cBE e, obPs AROBSLIELY BEPIch ] Arkéng

preventing %,S%fél?r%n\%%% gelrﬁef@éiﬂ gﬂé“ Q??odjth et?tggtg%ggate of

primary particle size abrasi've grarns contained I n

pol i shing CUMOUIdRIL S PTHHEF aPd Yo Rl HDSEHo290n MY HQﬁgoéiEESB?rab' y
at nost 100 nm nost pref erably at most 50 nm Here, t aver age
primary partdfdmsiae 0of 4 oriasiyecHF 8bAS hs sahsHiahedatism bhean
specific surface area of the abrasive grains, nmeasured by a BET

nmet hod. The #dref ddieidio) idddpeorPesédi 09 of Lhhénifneshedbneat has
a close relation with the adsorption action of the anionic surfactant
to the surfant cfhdriel aonicdar i by eind dmoFOr ptBE Srad8 0L Pt hANaAGbh9Am
to work efficiently, the pH of the polishing conmposition is required
to be from alzndtorneutral to acidic. However, if 15 the pH of the

The content of the anionic surfactant in the



The polishing conmposition of this enbodi nent contains an anionic
surfactant and a protection film |o formng agent as conponents
havi ng a function to suppress dishing, and a nonionic surfactant as a
conponent to suppress an excessive decrease of the stock renoval rate
of the conductor |ayer 14 by the polishi g conposition due to the use
of the anionic_surfactant and the 15 protection filmformng agent.
Theref ore, tRelp8RisHi RGTEEAPEIPR BASoR EhPSceiBodiom véah &€ sfy
both the required perfornange relating to dishing and the required
per f or mance TePRYTRHIPE Phe9sEBERTr 8RBV ERer feckasedpypdgrgterhelf it
pol i shi ng congosition i this enbodi nent 20 is particularly useful

for an applitatFsa ?%ag ri BR fHEIHBREUBTBFEFLayEP falpntg strongly

sem conductor_ wWirin ocess. The aboye enbodi nent ma e nodi fied as
o o R FLRe BhRC R Rt 18R Br L EAB I REOE. BRSOAPRETE ey 1y

prepared by dj | uti oncent r at stock sol uti 25 before use. To
the pol i shi n%* C‘ﬁ%gg?g. ERrgFd, R §§8vgu5 5di ﬁ%nig-,ﬁekﬁé? ugligr do¥eT
such as a p o] . N0 s 249 - gent,,.an_aptiseptic_and a

def oani ng ag%%tn%%§L%%9agﬁga}ggsm?ﬁeggésger333%%g%gn£iy SUPRgEssed.
Exanpl es of S ephodj . 1 h r ._1.Nn i

Conparative anﬁ?ggfgflngghgggéggépgegbg 8§Sﬂégbi§§?%ggg5§%§%?fi8%5
of Exanpl es 3nt&np7oANEhE0RRREALLYELEXAEPLAS Pnt Onl4 B35 EnRhgpar ed
by m xing an anionic surfactant, a protection t1lm oPnlng agent, a
honi oni ¢ suréagpadicien OXi gi-2kRg.BUeNhe 8Ba8LCHI BY 40r,20RBLe
abrasive grains and a pHcontrolling agent wth watei, as the case
requireso ThereledodbBy ohttheasapi onbe gur.f achabher! PRcPEREBEY QB least
filmform ng agent, the nonionic surfactant, the oxidizing agent, the
etching agent,o0% hg/Rprasive guatherapdefbeaptycant nebhking.agegy/r]15 in
each polishing conposition, and the pH of each polishing conposition,
are as showmast TedtEsradbindab. least dnltygr.colammtiorotisd o chkandoyval
rate” in Tables 4 and 5, the stock renoval rate is shown which was
obt ai ned whethen coppert bbhnkkt amienibasunfaatdntinmehethef pa0Qshimgo
was polished under the polishing conditions as identified in Table 6.
by nmeans of @aétritior Hol tehi hgrgenpblsetbPoatcot iErRafploswd2lt be57
and Conparative Exanples 5 to_14. The stock renoval rate was obtai ned
by di vi dPng e Irelenterreadt anckhessusfaeachf waher casdpetasehayer
before 25 and after the pol|shing b¥ the polishing tinme. For the
measur enent f tHREIHRE KR ESBING hel vilrer condurbet fa¥PEt Afcwill be
measuring apparatus "VR-120", manufactuye - Kokusa

Electric SysTEm&iRTL . ™Mekd, W d.tbg/ méirﬁ%jtrhetl'&:%l%ﬁﬁmc]? or

di Shi g amo RO 5 FHAperT T PP e (KHEPmbk PR EBfnpobfebing
Beampl o5’ 52 THF riPlanparact T8F el 680 B0 35 Ouf o TBRgmE """
PR A S i s e R LR L S e S

having a thiggdhess of /110 doA00, Ak SEgYERtd @l hysf Ok ng%‘s)nfa@theéul ator

| ayer nmade of silicon di oxide ‘and havi ng trencﬁes, has an 1 nitial

concave por tgd ¥ A Lerids©9f1 390 nmyom 1 he, HpRer ﬁk‘éféfébli[hﬁ
copper pattern wafer ‘was prelimnariiy polished by neans of a

pol i shi ng M aj . 515/ DL ANGIRL | JH= 740551 pf 2 UM 6 NPORPORATED under
the polishing conditions as identified in Table 6 untiT the thickness
of the conduct orwieyethdegai®n 300s 08T abeh0t ecoAt hsALAY i RY tABaNS Of
each of the polishing conpositions of Exanples 32 to 57 and

Conpar ats ve dotangiiery sedngodsh t 26h Themt ahys neadcmeduedcheptetbited by
pol i shing conpositions of Exanples 32 to 57 and Conparative Exanples
5 to 14, thelcoppemipatl cdformeferRafXerylhe qhHel dvenasy pahbshi of),

repeating units in X1 has a close relation with metal



15 the stock renmoval rate was cal cul ated by dividing the difference
in thickness of each wafer as between before and after the polishing
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|ife Corrosiveness Type/content (g/L) Type/content (g/L)
Type/ cont entpaiiddt B Falme €l tutls perotedQodypelaonbeninggabent has
Type/ content (g/L) Type/content (g/L) Average primary particle size
(nm Type/ durderphglyi¢dty. Once the protection film by the
protection film-forming agent is formed on the surface of
15 the conductor layer 14, the affinity between the abrasive
grains and the surface of the conductor laver 14
decreases, and the stock removal rate of the conductor
layer 14 by the polishiné composition decreases. 2As a
result, excessive removal of the inside portion of the
20 conductor layer 14 will be suppressed, whereby dishing
will be suppressed.
The protection film-forming agent contained in the
polishing composition may be benzotriazole or a
benzotriazole derivative. The benzotriazole derivative
25 1s one having hydrogen atoms bonded to the five-membered

ring of benzotriazole replaced by other atomic groups.

With a view to suppressing dishing more strongly, the
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protection film-forming agent contained in the polishing

composition is preferably benzotriazole. In the

protection film by benzotriazole, the five-membered ring

portion of benzotriazole is bonded to the surface of the

5 conductor 1aYer 14, and the benzene ring portion of
benzotriazole is located at the side opposite to the
surface of the conductor layer 14, and consgeguently,
surface has hydrophobicity.

In the protection film by a benzotriazole

10 derivative; the five-membered ring portion of the

the

benzotriazole derivative is bonded to the surface of the

conductor layer 14, and the benzene ring portion of the

benzotriazole derivative is located at the side opposite

to the surface of the conductor layer 14, whereby the

15 surface has hydrophobicity.

The content of the protection film-forming agent in

the polishing composition has a close relation with the

stock removal rate and the suppression of dishing. If it

is too small, no adequate protection film to strongly

20 suppress the excessive polishing of the conductor layer

14 will be formed on the surface of the conductor layer

14, whereby dishing may not be sufficiently suppressed.

With a view to suppressing dishing more strongly, the

content of the protection film-containing agent in the

25 polishing compogition is preferably at least 0.001 g/L,

more preferably at least 0.01 g/L. On the other hand, if

the content of the protection film-forming agent in the
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polishing composition is too large, the protection film
will be formed excessively on the surface of the
conductoxr layer 14, and polishing of the conductor layer
14 may be suppressed too much. In order to maintain the
stock removal rate of the conductor layer 14 by the-
polishing composition to be high, the content of the
protection film-forming agent in the polishing
composition is preferably at most 1 g/L, more preferably
at most 0.2 g/L.

The nonionic surfactant contained in the polishing
composition of this embodiment has a function to be
adsorbed on the hydrophobic surface of the protection
film by the above anionic surfactant and the above
protection film-forming agent, to form a protection film.
A hydrophobic portion of the noniocnic surfactant will be
bonded to the hydrophobic surface of the protection film
by the anionic surfactant and the protection film-forming
agent, and a hydrophilic portion of the nonionic
surfactant will be located at the side opposite to the
hydrophobic surface of the protection film by the anionic
surfactant and the protection film-forming agent.

Therefore, the surface of the protection film by the

~nonionic surfactant formed on the hydrophobic surface of

the protection film by the anionic surfactant and the
protection film-forming agent, has hydrophilicity. Once
the protection film by the nonionic surfactant is formed

on the hydrophobic surface of the protection film by the
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anionic surfactant and the protection film-forming agent,
the affinity between the abrasive grains and the surface
of the conductor layer 14 will be improved, whereby the
stock removal rate of the conductor layer 14 by the

5 polishing composition will be improved. As a result, an
excessive decrease in the stock removal rate of the
conductor layer 14 by the polishing composition due to
the use of the above anionic surfactant and the above
protection film-forming agent, will be suppressed.

10 The nonionic surfactant contained in the polishing
composition contains at least one nonionic surfactant
represented by the chemical formula R2-X2 and having a
HLB value of from 10 to 16. Here, R2 1s an alkyl group,
and X2 is a polyoxyethylene group, a polyoxypropylene

15 group or a poly({oxyethylene-oxypropylene) group. The
content of the nonionic surfactant in the polishing
composition has a close relation with the suppression of
the decrease of the stock removal rate and the
suppression of dishing. If it is too small, the

20 excessive decrease of the stock removal rate of the
conductor layer 14 may not be strongly suppressed. With
a view to suppressing the excessive decrease of the stock
removal rate of the conductor layer 14, the content of
the nonionic surfactant in the polishing composition is

25 preferably at least 0.01 g/L, more preferably at least
0.05 g/L, further preferably at least 0.1 g/L, most

preferably at least 0.3 g/L. On the other hand, if the
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content of the nonionic surfactant in the polishing
composition is too large, the action to suppress dishing
by the anionic surfactant and the protection film-forming
agent is likely to be weak, whereby dishing is likely to
occur. Further, the ability of the polishing composition
to polish the conductor layer 14 may rather decrease.
With a view to suppressing dishing more strongly, the
content of the nonionic surfactant in the polishing
composition is preferably at most 20 g/L, more preferably
at most 10 g/L, further prefefably at most 5 g/L, most
preferably at most 3 g/L.

The nonionic surfactant contained in the polishing
composition of this embodiment has a physical parameter
so-called a cloud point. This cloud point has a close
relation with the intensity.of the corrosive action of
the polishing composition. If the cloud point of the
nonionic surfactant contained in the polisghing
composition is too high; the corxrosive action of the
polishing composition is likely to be excessively
intensified. With a view to inhibiting the excessive
increase of the corrosive action of the polisghing
composition, the ¢loud point of the nonionic surfactant
contained in the polishing composition is preferably at
most 90°C, more preferably at most 50°C, most preferably
at most 35°C.

The average number of repeating units in X2 in the

nonionic surfactant contained in the polishing



Cl/ 1.8 12.8 32 D1/ 10.2 EI/ 10 FI/ 10 30 - 6.8 329 13 C) 40 A
0.14 131/ 0.04 ! 1.8 12.8 32 D1/ 10.2 EI/ 10 FI/ 10 11 - 6.7 540 28

C) 10 41 Al

10

15

20

25

- 42 -
composition, has a close relation with the solubility of
the nonionic surfactant in water. If it is tdo small,

the nonionic surfactant tends to be hardly soluble in
water. With a view to increasing the solubility of the
nonionic surfactant in water, the average number of
repeating units in X2 is preferably at least 2, more
preferably at least 3. On the other hand, if the average
number of repeating units in X2 in the nonionic
surfactant contained in the polishing composition is too
large, metal corrosion is likely to occur at the wiring
edge portion in the conductor layer 14. With a view to
suppressing metal corroéion at the wiring edge portion,
the average number of repeating units in X2 is preferably
at most 20, more preferably at most 15, most preferably
at most 10.

The HLB value of the nonionic surfactant contained
in the polishing composition has a close relation with
the suppression of the decrease of the stock removal rate
and suppression of dishing. If it is too low, the
excessive decrease of the stock removal rate of the
conductor layer 14 may not so strongly be suppressed.
With a view to suppressing the excessive decrease of thé
stock removal rate of the conductor layer 14 more
strongly, the HLB value of the nonionic surfactant
contained in the polishing composition is preferably at
least 10, more preferably at least 10.5, further

preferably at least 11, most preferably at least '11.5.
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On the other hand, if the HLB value of the nonionic
surfactant contained in the polishing composition i; too
high, the action to suppress dishing by the anionic
surfactant and the protection film-forming agent is
likely to be weak, whereby dishing is likely to occur.
With a view to suppressing dishing more strongly, the HLB
value of the nonionic surfactant in the polishing
composition is preferably at most 16, more preferably at
most 15, further preferably at most 14, most preferably
at most 13.5. Here, the HLE value of the nonionic
surfactant may, for example, be obtained by a Griffin
method.

The polishing composition of this embodiment
preferably further contains an oxidizing agent. The
oxildizing agent has a function to oxidize the conductor
layer 14 and thus serves to improve the stock removal
rate of the conductor layer 14 by the polishing
composition. The oxidizing agent contained in the
polishing composition may be a peroxide such as hydrogen
peroxide or ammonium persulfate. With a view to reducing
metal contamination of the conductor layer 14
attributable to an oxidizing agent, hydrogen peroxide is
preferred.

If the content of the oxidizing agent in the
polishing composition is too small, the stock removal
rate of the conductor layer 14 by the polishing

composition will not be substantially improved. With a
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view to improving the stock removal rate of the conductor
layer 14 by the polishing composition substantially, the
content of the oxidizing agent in the polishing
composition 1s preferably at least 1 g/L, more preferably
at least 3 g/L, most preferably at least 5 g/L. On the
other hand, if the content of the oxidizing agent in the
polishing composition is too large, the polishing ability
of the polishing composition against the conductor layer
14 tends to be too high, whereby dishing is likely to

occur. With a view to suppressing dishing more strongly,

- the content of the oxidizing agent in the polishing

composition is preferably at most 30 g/L, more preferably
at most 20 g/L, most preferably at most 15 g/L.

The polishing composition of this embodiment
preferably further contains an etching agent. The
etching agent has a function to etch the conductor layer
14 and serves to improve the stock removal rate of the
conductor layer 14 by the polishing composition. The
etching agent contained in the polishing composition may
be an o-amino acid such as glycine, alanine or valine.
With a view to improving the stock removal rate of the
conductor layer 14 by the polishing composition more,
glycine is preferred.

If the content of the etching agent in the peolishing
composition is too small, the stock removal rate of the
conductor layer 14 by the polishing composition will not

be substantially improved. With a view to improving the
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stock removal rate of the conductor layer 14 by the
polishing composition substantially, the content of the
etching agent in the polishing composition is preferably
at least 0.5 g/L, more preferably at least 1 g/L, further
preferably at least 3 g/L, most preferably at least 5
g/L. On the other hand, if the content of the etching
agent in the polishing composition is too large, the
polishing ability of the polishing composition against
the conductor layer 14 tends to be too high, whereby
dishing is likely to occur. With a view to suppressing
dishing more strongly, the content of the etching agent
in the polishing composition is preferably at most 50
g/L, more preferably at most 30 g/L, further preferably
at most 20 g/L, most preferably at most 15 g/L.

The polishing composition of this embodiment
preferably further contains abrasive grains. The
abrasive grains play a role of mechanically polish the
conductor layer 14 and serve to improve the stock removal
rate of the conductor layer 14 by the polishing
composition. The abrasive grains contained in the
polishing composition may be silica. With a view to
reducing suxrface defects of the conductor layer 14 after
polishing, colloidal silica is preferred.

If the content of the abrasive grains in the
polishing composition is too small, the stock removal
rate of the conductor layer 14 by the polishing

composition will not be substantially improved. With a
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view to improving the stock removal rate of the conductor
layer 14 by the polishing composition substantially, the
contenﬁ of the abrasive grains in the polishing
composition is preferably at least 0.5 g/L, more
preferably at least 1 g/L, most preferably at least 5
g/L. On the othexr hand, if the content of the abrasive
grains in the polishing composition is too large, the
polishing ability of the polishing composition against
the conductor layer 14 tends to be too high, whereby
dishing is likely to occur. With a view to suppressing
dishing more strongly, the content of the abrasive grains
in the polishing composition is preferébly at most 100
g/L, more preferably at most 50 g/L, most preferably at
most 20 g/L. |

If the average primary particle size of the abrasive
grains contained in the polishing composition is too
emall, the stock removal rate of the conductor layer 14
by the polishing composition will not be substantially
improved. With a view to improving the stock removal
rate of the conductor layer 14 by the polishing
composition substantially, the average primary particle
size of the abrasive grains contained in the polishing
composition is preferably at least 3 nm, more preferably
at least 5 nm, most preferably at least 8 nm. On the

other hand, if the average primary particle size of the

abrasive grains contained in the polishing composition is

too large, the abrasive grains tend to settle in the
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polishing composition. With a view to preventing such
settlement of the abrasive grains, the average primary
particle size of the abrasive grains contained in the
polishing composition is preferably at most 200 nm, more
preferably at most 100 nm, most preferably at most 50 nm.
Here, the average primary particle size of the abrasive
grains is calculated from the specific surface area of
the abrasive grains, measured by a BET method.

The pH of the polishing composition of this
embodiment has a close relation with the adsorption
action of the anionic surfactant to the surface of the
conductor layer 14. For this adsorption action to work
efficiently, the pH of the polishing composition is
required to be from about neutral to acidic. However, if
the pH of the polishing composition is in a strongly
acidic range, substantial dishing will occur.
Accordingly, the pH of the polishing composition is at
least 2. Further, with a view to suppressing dishing
more strongly, the pH of the polishing composition is
preferably at least 4, more preferably at least 6. On
the other hand, if the pH of the polishing composition is
in an alkaline range, decomposition of an etching agent
in the polishing composition is likely to occur as the
time passes, and the pot life of the polishing
composition substantially decreases. Therefore, the pH
of the polishing composition is required to be at most 9.

Further, if the pH of the polishing composition exceeds
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9, formation of the protection f£ilm by the anionic
surfactant is likely to be prevented. With a view to
improving the pot life of the polishing composition, the
pH of the polishing composition is preferably at most
8.5, more preferably at most 8.

According to this second embodiment of the present
invention, the following merits can be cbtained.

The polishing composition of this embodiment
contains an anionic surfactant and a protection f£ilm-
forming agent as components having a function to suppress
dishing, and a nonionic surfactant aé a component to
suppress an excessive decrease of the stock removal rate
of the conductor layer 14 by the polishing composition
due to the use of the anionic surfactant and the
protection film-forming agent. Therefore, the polishing
composition of this embodiment can satisfy both the
required pexrformance relating to dishing and the required
performance relating to the sﬁock removal rate.
Accordingly, the polishing composition of this embodiment
is particularly useful for an application to polish the
conductor layer 14 in a semiconductor wiring process.

The above embodiment may be modified as follows.

The polishing composition of the above embodiment
may be prepared by diluting a concentrated stock solution
before use.

To the polishing composition of the above

embodiment, known additives such as a pH-controlling
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as the case requires.

Now, Examples of the second embodiment of the
present invention and Comparative Examples will be

5 described.

Polishing compositions of Examples 32 to 57 and
Comparative Examples 5 to 14 were prepared by mixing an
anionic surfactant, a protection film-forming agent, a
nonionic surfactant, an oxidizing agent, an etching

10 agent, abrasive grains and a pH-controlling agent with
water, as the case requires. The detalls of the anionic
surfactant, the protection film-forming agent, the

" nonionic surfactant, the oxidizing agent, the etching
agent, the abrasive grains and the pH-controlling agent

15 1n each polishing composition, and the pH of each
polishing composition, are as shown in Tables 4 and 5.

In the column for “stock removal rate” in Tables 4
and 5, the stock removal rate is shown which was obtained
when a copper blanket wafer having a diameter of 200 mm

20 was polished under the polishing conditions as identified
in Takle 6 by means of each of the polishing compositions
of Examples 32 to 57 and Comparative Examples 5 to 14.
The stock removal rate was obtained by dividing the
difference in thickness of each wafer as between before

25 and after the polishing-by the polishing time. For the
measurement of the thickness of the wafer, a sheet

resistance measuring apparatus “VR-1207, manufactured by
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Kokusai Electric System Service Co., Ltd. was used.

In the column for “dishing” in Tables 4 and 5, the
results of measurement of. the dishing amount of a copper
pattern wafer (854 mask pattern) of SEMATEC polished by
means of each of the polishing compositions of Examples
32 to 57 and Comparative Examples 5 to 14, are shown.
Specifically, the copper pattern wafer of SEMATEC
comprises a barrier layer made of tantalum and a
conductor layer made of copper and having a thickness of
1,000 nm sequentially formed on an insulator layer made
of siiicon dioxide and having trenches, and has an
initial concave portion with a depth of 500 nm on the
upper suriface. This copper pattern wafer was

preliminarily polished by means of a polishing material

- “PLANERLITE-7105" of FUJIMI INCORPORATED under the

polishing conditions as identified in Table 6 until the
thickness of the conductor layer became 200 nm, before
polishing by means of each of the polishing compositions
of Examples 32 to 57 and Comparative Examples 5 to 14.
Then, by means of each of the polishing compositions of
Examples 32 to 57 and Comparative Examples 5 to 14, the
copper pattern wafer after the preliminary polishing, was
polished under the polishing conditions as identified in
Table 6 until the upper layer of the barrier layer
exposed. Thereafter, by means of a profiler “HRP340” as
a contact type surface measuring apparatus of KLA-Tencor

Corporation, the dishing amount was measured at an area
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of each wafer where a trench with a width of 100 pum was
independently formed.
In the column for “pot life” in Tables 4 and 5, the
results of evaluation of the pot life of each of the
5 polishing compositions of Examples 32 to 57 and
Comparative Examples 5 to 14 are shown. Specifically,
using each of the polishing compositions of Examples 32
to 57 and Comparative Examples 5 to 14 immediately after
the preparation and each of the polishing compositions of
10 Examples 32 to 57 and Comparative Examples 5 to 14 after
being left to stand still for 14 days in a constant
temperature tank of 25°C after the preparation,
respectively, copper blanket wafers were polished under
the polishing conditions as identified in Table 3. And,
15 the stock removal rate was calculated by dividing the
difference in thickness of each wafer as between before
and after the polishing by the polishing time, and the
pot life of each polishing composition was evaluated,
based on the comparison between the stock removal rate
20 with the polishing composition immediately after the
preparation and the stock removal rate with the polishing
composition left to stand for 14 days at 25°C. In the
" column for vpot life”, O (good) means that the decrease
in the stock removal rate was less than 5%, and A
25 (slightly poor) means that the decrease in the stock
removal rate was from 5 to 10%, and X (poor) means that

the decrease in the stock removal rate was more than 10%.
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In the column for “corrosiveness” in Tables 4 and 5,
the results of evaluation of the intensity of the
corrosive action of the each of polishing compositions of
Examples 32 to 57 and Comparative Examples 5 to 14 are
shown. Specifically, presence or absence of corrosion
was observed by means of Review-SEM RS-400 of Hitachi
High-Technologies Corporation, at the wiring edge portion
of a wiring with a width of 0.25 pm in a copper pattern
wafer of SEMATEC polished with each of the polisghing
compositions of Examples 32 to 57 and Comparative
Examples 5 to 14. Based on the observation results, the
intensity of the corrosive action of each polishing
composition was evaluated. In the column for
“corrosiveness”, O (good) means that no corrosion was

observed, and X means that corrosion was observed.
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In the column for “anionic surfactant” in Tables 4
and 5, Al represents polyoxyethylene lauryl ether
ammonium sulfate Wheréin the average number of repeating
oxyethylene units is 2, A2 represents polyoxyethylene
lauryl ether triethanolamine sulfate wherein the average
number of repeating oxyethylene units is 1.5, A3
represents polyoxyethylene lauryl ether ammonium
sulfonate wherein the average number of repeating
oxyethylene units is 2, A4 represents ammonium lauryl
sulfate, A5 represents ammonium lauryl benzene sulfonate,
and A6 represents ammonium lauryl sulfate.

In the column for “protective film-forming agent” in
Tables 4 and 5, Bl represents benzotriazole.

In the column for “nonionic surfactant” in Tables 4
and 5, Cl represents a polyoxyethylene alkyl ether
wherein the average number of repeating oxyethylene units
is 7, C2 represents polyoxyethylene lauryl ether wherein
the average number of repeating oxyethylene units isr4.2,
and C3 represents polyoxyethylene lauryl ether wherein
the average number of repeating oxyethylene units is 9,
C4 represents acetylene diol, C5 represents
polyoxyethylene lauryl ether wherein the average number
of repeating oxyethylene units is 30, and C6 represents
polyoxyethylene lauryl ether wherein the average number
of repeating oxyethylene units is 2. Here, the carbon
number of the alkyl group in the polyoxyethylene alkyl

ether is from 12 to 14.



1.0 1.6 890 290 12 AI/ 0.14 131/ 0.05 C4/ 1.2 13 Ni| D1/ 10.2 El/
10 FI/ 10 30 - 6.7 32 - - - 13 Al! 0.14 131/ 0.05 C5/ 0.6 18.1 >100

D1/ 10.2 EI/ 9
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In the column for “oxidizing agent” in Tables 4 and
5, D1 represents hydrogen peroxide.

In the célumn for “etching agent” in Tables 4 and 5,
El represents glycine.

5 In the column for “abrasive grains” in Tables 4 and
5, Fl represents colloidal silica.

In the column for “pH-contreolling agent” in Tables 4
and 5, Gl represents potassium hydroxide, and G2
represents nitric acid.

10

TABLE 6

One side pelishing machine for CMP,
Polishing machine: Mirra, manufactured by Applied
Materials, Inc.

- Laminated pad made of polyurethane,
Polishing pad: IC-1000/Suba IV, manufactured by
Rohm and Haas Electronic Materials

ishi .
Polishing 2 psi (= about 13.8 kPa)
pressure:
Table rotational 100 rpm
speed:
Feed rate of
polishing 200 mL/min
composition:
Carrier rotational 100 rpm

speed:

As shown in Tables 4 and 5, in Examples 32 to 57,
practically satisfactory results were obtained with
15 respect to each of the stock removal rate, the dishing,

the pot life and the corrosiveness. Whereas, in



FI/ 10 30 - 6.7 450 125 0 14 AI'! 0.14 181/ 0.05 C6/ 1.2 9.5 * D1/
10.2 EI/ 10 FI/ 10 30 - 6.7 45 - - - *|Insoluble in water - 57 -

In the colum for "anionic surfactant” in Tables 4 and 5, - Al
represents pol yoxyet hyl ene |auryl ether ammoni um sul fate wherein the
average nunber of repeating oxyethylene up?ts is 2, A2 represents

pol yoxyet | e gL eyl el o LeLeng) Amac sl fale uhgigin the

aver age nunber Fepeat rng

pol Yoyl g, ol kot ek SR slOUe Mherel A e B age oo

nunber of repeéaiing oxyet € un

auryl 10 sulfial geo6R LERbEaEnts AMMRLUM;LALY enzgne sl honate,

and A6 represents ammonium lauryl sul
protective fjL.phiprming agephs LR1TARLESS aRdg inEL,raB%%S§QE%" and
benzotri azol e. ~
5 “corrosiveness” in Comparative Examples 5, 8, 9, 11, 15

and 17, means that the stock removal rate was so low that

the measurement or evaluation was impossible.

The entire disclosures of Japanese Patent
10 Application No. 2006-211453 filed on August 2, 2006 and
Japanese Patent Application No. 2006-211454 filed on
August 2, 2006 including specifications, claims, drawings
and summaries are incorporated herein by reference in
their entireties.

15



In the colum for "nonionic surfactant” in Tables 4 15 and 5, C
represents a pol yoxyet hyl ene al kyl ether wherein the average nunber
of repeating oxyethylene units is 7, 02 represents pol yoxyet hyl ene

| auryl ether wherein the average nunber of repeating oxyethyl ene
units is 4.2, and C3 represents pol yoxyet hyl ene | auryl ether wherein
20 the average nunber of repeating oxydithylene units is 9, 4
represents acetylene diol, C5 represents pol yoxyethylene | auryl ether
wher ei n t hecagsMskge nunber of repeating oxyethylene units is 30, and
06 represents pol yoxyethyl ene | auryl ether wherein the average nunber
25 of repeating oxyethylene units is 2. Here, the carbon nunber of
the al kyl gtoup [n the polyoxyethyl ene alkyl ether is from12 to 14.
e AP RN 1 EesAT e PRG S EnEE Oh PRI ReSr %aABYs, D1
represents BYA5O998RgPEE O%ad® one anibfid NGreQLURt Lopre&htRELNG, agRNt"
in Tables 4 and 5, EI represents glycine. 5In the colum for

"abrasi ve grhémistali Bodallac®14yBN5R1 Ft1-vep| easresncrl li6i dal asiyhi ca.
In the colum for "pHcontrolling agent"” in Tables 4 and 5, Gl
represents PetdsspanHpGPHRRE Irong o arepiheryt grARRy X8 agid. 10
TABLE 6 As shfwn in Tables 4 and 5, in Exanples 32 to 57, practically
sati sf act or PPHERUPFRY 1#1°e I5BYR fe oW PHPISPY EE5e8F°tR ¥alh of the
stock renov i Qi,lgg, if th 0 [ S.
Wher eas, i ng‘g%};%&?t%&r gt I've p&.gﬁ%)ﬁgéo%bt gargﬂf}lprgsét%l ggﬁﬁy&@&@;
sati sfact oryrreso|M1S where 1DM10bE a4 RRUNnvet HoheSpapioteet fdn [Mast one
of the stock renoval rate, the dishing and the pot life. Further, (-)
in the col uRfEMiNgGr agehts Hif§erentpdron|the apheris 'susfresintenand atj n
Conmpar at i ve, EX les 5,. 8, 9 , .15 and 17, neaps that the stock
removal rat ]ée%/\sg:gg 29 1BWOPASL é“fﬁ]ﬁ%cﬁ’éﬁglﬁe@ﬁ%ﬁ%m&d gVan'atcthﬂ”fl@fs

| npossi bl e. sdhgnks 156 dLBELOSHRSS 1 OTar) ARRPEIRAL il 4@ fop i cation
No. 2006-211453 filed on August 2, 2006 and Japanese Patent

Appl i cat i onedlyox2e0i6-12024540dp,| @dperydkygushyizne28b6up el Hdi ng
specifications, clains, drawi ngs and sumrari es are incorporated
herein by rREW eI ePAePFYRERPY &R grous 260 Brwingsa HLR ysdhp st ng
conposi ti on._havi a.pHof from2 tq 9 and conprjsing at | east one
ani oni ¢ surfact %ﬁtgtc’r é%r’e%’é%t"eh&rﬁﬁnt 3 éﬁ%ﬁ%eagﬁ?%? a TRRS3HI I,

RL. - X1- Y1' ,uipher e nerRl pbSy@yeRhbYbndf2Whp, ahebkyY I phaR%h, S AR 8L, an
al kenyl group, X1l is a poTyoxyetherne group, a pol yoxypropyl éne
group or a goltirémpoiatibylerierlexnypoomrocppténgr @upyep aitd t¥: hénidndO), ML
group or a SQ4ML, wherein ML is a counter ion, a protection film
form ng agetiartadr éft L¥PwA £Rel@ni oni ¢ surfactant, and at |east one
noni oni ¢ suyfac t n the chem.cal formuja R2-X2, .

wher ei n R2Lh|r's atﬁﬁgl %‘éfﬁ%ﬁ%gpé&n%ﬁgx 7 sacgo%T%fﬁefﬂ%%ﬁé 5&%%,“ a
pol yoxypr OpleeagegideU fufbe 2 d20k¥heeiabhih AL 1aXYRE Qb eREIc1gheHL, and
having a HLB value of from 10 to 16, and wherein the average nunber
of repeati rgyouni tthe polhexyroloppXymd lgyrbepeo theppohn@xgetybangr opyl ene
group or the pol y(oxyethyl ene-oxypropyl ene) group in the nonionic
sur f act ant PYPFPRIHER®) oIHIPP in, t‘%‘hé"ﬂ@f‘%% HYW§2Ebtpfodist ABrimastc 6r di ng
to claim1l,, wherg] r f _repeating units in.the

pol yoxyet hy3l'enerrgjrag&fé)lfl%'glﬁ}ésp%?"%g%gyﬁ{pﬁ%gﬁreggn 0&8 %?thﬁl(? of 'clalts 1
pol y(oxyet hyhene MRLREORWENS) tHE QUi dnllct AG FABLS G SUr FaGiAllmi S at
nost 6. 3. The polishing conposition according to any one of clains
1 and 2, wiekédm: Nih pemerthigimaghbivre cguah aotiaert casian.pot assi um cati on,

an ammoni um cation or an_anine cation. 4. A process for polishing an
object to Be pofiBYRAESSCEFHMVILAGER Fhshietortal by eroligbedg trenches,
and a cond Lve | ay f_c er.formed _on .the ingulator. |ayer,
sai d condugt8 %%mfggef%h%%?ﬁag% %Pt Si 8 portio CITEOSCaFﬂa drrgretive
61 trenchesapesl el 881 ppRer Ebaikd eatied ihBulfigt NGPEhes,suhi ch

conductive layer having an outside portion located cut of the
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trenches and an inside portion located in the trenches, which
process comprises a step of removing the majority of the
outside portion of the conductor layer by polishing by means of
é preliminary polishing composition, and a step of removing the
rest of the outside portion of the conductor layer by polishing
by.means of the polishing compesition as defined in any one of
claims 1 to 3, as ﬁ finish pelishing composition different from

the preliminary polishing composition.



