POLI SHI NG SLURRY FOR METAL FI LMS AND PCOLI SHE NG METHOD Technical Field

[ 0001] The present invention relates to a polishing slurry for netal
films and a polishing nmethod that are used for polishing in the step of
formng wiring of a sem conductor device, or sone other step. Background
Art [0002] In recent years, new fine processing technol ogi es have
been devel oped as the integration degree of sem conductor integrated
circuits (herei nagdresmiefIURRS For MBTAI S MsND dhasPeid metaose t hereof have
been becom ng hi gh. Chem cal nechanical polishing (hereinafter referred to
as CWP) is also one of the technol ogies, and is a technique used frequently
in the pmetsisa Fefd producing LSIs, in particular, in the planarization of an
interlay?doﬂi electric, the formation of netal plugs, or the formation of
enbedded‘i nt'erconnections (wiring) in a multilayer interconnection formng
step. This t ecHrppuat ingentipsrlags®ad pokishing dprmefoamphidilmg 4nd 2 pplabing method bt of USP
No. 4944%@5ed[f<8’939§§111nginthe steplo?foﬂﬁigg&ririglgof@sléﬁicgﬂaﬁct&%wi&[ m&ﬁgotﬂér step! S h! gh,
attenpts of naking uSe of copper or copper alloy as an el ectrocohductive
mat er i al Batke©H§A4tt 0 be a wiring material have been recently nade. However,
copper ofpoggpper alloy is not easily subjected to fine processing based on

dry etching, ich is frequently used to farmconyentional alum.num all oy
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ordi nary_nmet hod of neta for polishing a wring netal, such as copper
or coppeniEFRpRFtions Eviknghin a1pYtilgyer 'ﬂg’&iﬁ%‘}eﬁt&“ OrBNEISER igisseelnigs inditikse Bnt o a
ci rcul ar fqrekdnHit, g sfeciidabiod FUBPBI)494483pr egnat i ng the surface of the

polishin d with a metal polishing slurry while pushing a

metal -fil ormed surface of a substrate against the polishing cloth
surface; and rbtoader ognakéhe paforrsdheary LEEIhigh, attempthef nskimp gsetofiedppa opcapget er m ned
pressure i i shi r i plied
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mechani € glequefitlyGlstadd s0R8 bMRE IR Quidlh gikyR@risd. Uurry and the convex regi ons of
t he net al ?ilm [ 0006] A netal polishing slurry used for nmetal CH"' is
gener all§°°8’8rrposed of an oxidizer; abrasive grains, and water. As
necessary, an Ukisghesedalisdidarhaschng froteys i8 Ghaintyaidptedawliichts & frotedeofidbdositiigd M ng
agent, and others are d thereto. Jhe rf of tal filmis first
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mechani Sgy, clfifo ftth hikAtkavidf ils CORGAY R dlsBe® BSroPlxalnPe, IPRLRY. 2hgysur f ace
does not contact the polishing pad very nuch; thus, the shaving-o ef f ect
of the ab?4%live grains is not given thereto. Therefore, with the advance of

CWP, the oxi di Agerdinay@lettol okl EXIH BiollSngQiwitidpimd® sadh & kdpgbd of cdppeRNGI SO

t hat the_substra%.e surface .is planarized. Det al%\i]ﬁ}sﬂil%h reo{9 aS[e di sc] osed in
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[ 0007] | turfase ¢felietpolxhing phidwith afiet pdlabing Meryelkiteqdshing ik neak filhgfothe! spdck 846 Ng
rate of high It addition of an oxidized.netal. di ssolving agent to a
bol 1 shi ng T ainr e PR S e PRl B AT w84 B, Sher when
gr ai ns obpredeterpingd prossired ¢hesinafie mefofdf tovszipolishmg ptvrsas) v eppdjecithersto fom thkires ol ved

into the | Sl : ! i i t chi ng
nor of nat Fary: O ElaRiRny pidto U o hing Bekch) RloM fon B R Rl bl BT50 0" The
addi t i onegct efiyelatiyg PJ@W@@P? frictien befivess Bk polishinggunt ang ths gonyesregipnsiorfiestehrent i n
the polighgng rate of CMP, however, when an oxidized | ayer in concave
regions of a netal filmsurface is also etched so that the netal film
surface i@m@xposed uncovered, the nmetal filmsurface is further oxidized
Wi th the oxidi Aefetal plietiing INirs vsed fEr@REA TR is fdReraiBl hibskgd 6ffan bidgizerdbadsivé i | m i n
t he concave regions advances. As a result, there is generated a phenonenon
that a central region of the surface ofinmetal wiring enbedded after the
polishing is gullied Iike a dish form (hereinafter, the phenomenon will be
referred to as "dishing"). Thus, the planarizing effect is damaged. [0008]
For prevention thereof, a protective filmformng agent is further added to
the netal filmpolishing slurry. The protective filmformng agent is an
agent for formng a protective filmon the oxide |ayer on the nmetal film
surface to prevent the oxidized |ayer from being etched. The protective




As such a polishing liquid for barrier-Ilayer-polishing, suggested is a
polishing liquid for chem cal mechani cal polishing which contains an

oxi di 7er, an agent for formng a protective filmon a netal surface, an
acid and water, and has a pH of 3 or |l ess wherein the concentration of the
oxi dizer is fromO 01 to 3% by weight (see, for exanple, the panphlet of
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W th COpg%fs t%g bt Sheneldl Fitn Qe idx posk PudcOVe &h&lﬁ@ﬂﬂmﬁﬁﬁﬁﬂ@&nﬁﬂ t he
substrat & ‘af fer the second pol i shi ng ds’tep andf %‘3% [ﬁ)‘e%econca exmllss
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such as glgﬁ}ﬂort circuit, a disconnection, a fall in the yi eId and a fall in
the reli ity, are generated in the production of ah{ln thperfg mance
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i nterl ayegjlm fidedi@sly fenovddadilit by tha ntrexive grdiesrvethyut ﬁammwgmu neCNIR mhﬁie%rafef a
surface pol i ZhEd therewith or thereby high. Another object of the invention

isto pro a polishing slurry for metal filnms and a polishing_ nethod
whi ch can rest mmrmmgeﬂemﬁthM@Wae@m&f%b%eﬁe&%h iggelighilitg,

organic resi Ry DS Hethl HEHE Which cdfairs BeirgiByhcetldiatia] osure of
the I nvef ‘ﬁg @%ﬁk’@ﬂﬁcﬁ{sﬁ%&l nventors have lat(fggbr ed .an |gleea at in

order to gljeemc,@amd@hlélrgéﬁé?sa@lﬂéﬁ‘z@ﬁ metpllisselyiag apAn @ipiazoles p Rropes ngtl ve
to use a?]ﬁ?&’;‘n&x ot Nathis Rashidak Bhicaebari ahickidipte, IRANCCHEI80., Wwhich is a
wiring meta have found out that this can be attained by use of a
speci fi c[?ﬂdplyrrer as the additive. [0019] Accordingly, the present

i nvention rel apfge foandid) oﬁmdlbﬁbudaigntséuuht #sythef fonmatient ofldathistens wirtg mpds i ng
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and a co acrylic acid and nononer _copoly éable
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(2), wherfein t he speci es of the abrasive grains is at |east one selected
fromsilica, alumna, ceria, titania, zixconia, germania, or nodified

products thereof. [0022] The present invention also relates to (4)
the polishing slurry for metal filns according to any one of the itens (1)
to (3), further conprising an organic solvent. [0023] The present

invention also relates to (5) the polishing slurry for nmetal filns
according to any one of the itenms (1) to (4), further conprising an
oxi di zed netal dissolving agent. [0024] -~ The present invention also



[ 0031] According to the present invention, the incorporation of a
met hacrylic acid based polyner makes it possible to provide a polishing
slurry for nmetal films and a polishing nmethod which restrain erosion and
seans from being generated while a good rate of polishing an interlayer
dielectric is maintained, thereby nmaking the flatness of a surface polished
t her ewi t fafefied tb Aeseaty. Hihgh the[ﬂetﬁ®2]ietenorates Anacetlgiap ipcrewe inHbe Wiriag epistance,
i nvention, 0 Qre r%ﬁ" m%%}e Aled Itqﬁhé? ﬂe%hue@%m'the(ékgsloﬂgnd%mlag&lmgt he
met hacry‘rtmid Based pol'ynmer makes 1t possible to provide a polishing
slurry fpnssﬂpietal filmns and a polishing nethod which can restrain the
generatl@@ (j)f a scratch or the generatl on of an organic residue on a
substrate polished therewith or .ther as_wel oned
advant ageous dffhedteart epqe@&’%ee‘ﬂfm%’@ﬁéﬁ oh as copper °’°°8%?‘5‘%P{§‘q&é9’t“[ﬁ%%%!ﬁnesent
i nvent i oaecutmnduae@mmmtummmmmhmsy areangphan wigide, dyfouneil d$ wlarric eandyeiaral | an
anticorr e agent for a Bfusidn oP@S Skl iBtoltR iGkkSerda good
rate of 25?%%%?:“%5 TRt g 2 arflerlayeﬁcfrgg%arr e et al as well as. the Yer
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schemati c sect onal ews at Str f of a
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respectiv i astﬁhﬁ'émétﬂcan§§§etcbﬂ?l lishyis @M of

i |lust rat“gﬁglsé"%%"r‘?‘t"éf%%% Ohgllmc%];keg%f% attached patter n%s%bgt%gt e where
Wi ri ng npblahing ebpmpmbyand i nterl ayer di eI ectrl c regions are alternately
arranged,,,annd a seam respectively Best l\/bde for Carryi ng Qut the

| nvent i o?n ?@035 he polishin h esent glg Elgtl on for
netal films isF a#‘H‘éFF@FF‘%@EP“B?“E‘Eﬂ% T $ed

pol ymer . gy iahhase Yotds. aFIE 1antedrapoh ;tﬁtebeforswhslyheandthﬁmimm ty onto
copper than, ot her ter o] [$ W @akley1 gtgor;ngh
adsor pt i \51}3{‘?9“8?1?"0‘“ dt’%"h" ghf“veugqao%énr 911 J)d\?\nes%?%&h%ensm af}gé hi gh, so
as to gi V&foﬂowmrfyce@omdvepmdtwmx&sgf the infeolpyenielectriq 1, a'ildsa Vines ’é%‘r—”éﬂa“ﬁ%surred
that this nake 1.8 118G hBaRG hidthedERNBYR hididnRkeser 0Si ON or seams
when a fl?%erorg%ag&aﬁgﬁ&hﬁ%%lsls tpoo l'i shed. The e'mat hacrylic acid based pol yner
is prefef@@by at Ieast one sel ected froma honopol yner nade from a

met hacrylic acidimaRtba ﬁ@ﬁ%)ymuﬁgdemf:mmsﬂpﬂ;me with & polakibglliguildfora mononer
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met hacryl.ic_ aci 1 itg toga rmunt of the nmononers is preferably 40% or
nore by ﬁ’tf?f&Y%tHb“f’%‘% TRah ’TB??/O by mole, nore preferably 50% or nore by
nol e and [be&gs than 100% by nol e, even nore preferably 60% or nore and | ess

than 100% by ?uoha ol hfhﬂ ﬁlrbﬂ&ﬁ%ﬁ%itéﬁm&os@ééﬁtemﬁgolﬁﬂiﬁg li@ssfot han 100%
by nol e. V\hen |oo anount “of net hacr |c acid is set. to 40% or

nore by rebénsigal m@ageqh polighingyhielf copfeiys pypridizer 2% aBgpigon fermine areteslixs YIm 988 1 ai ned
so that the,{lBtdesRidhd FaStididess H0ofRe:r ped Wisharkhé conemsitioy ofthelexidizegh.
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pol yrer 1T i ey e 8BGtr SHPas SroPaPHrBr S Oa 000 aro TPE Aunan ¢ he

wei ght - a(x)[@mgge nol ecuI ar wei ght of the net hacryl ic acid based polyner is

set to 3000 or at| (o) o y

restrai ned so t‘%g ﬁteﬁ‘g" FtF‘g ehé” A tfgtejrge g{gh&ggt %Oiil st?jngat%%%g[gss}:alvﬂyrrade

hi gh. Thepe lﬂ@jﬂﬁéd th have bn mfer-pdmlnnﬁt@mfpdmena@e infeslpyee dielaetrigusicespively & orfst 0’

particul ar ! 'p?lhsh?(ﬁ urf&nﬂ FARE feP ¥ im0 A1eOFic ls@Sficdd d?dﬂde@ﬁn\éhewpm nt
romt

of the sd? ereo e viewpoint of the ea5|ness of th
syntheS|smymmgueﬁshwé@s“@khﬁH@*ééhWﬂ6*”6$°Wﬁ%mhgweeﬂt yﬁ@?ﬂﬁfmg§ﬁ8b8ﬁhers
the wei ght)- avena0s:s TRi-BGH hRlectl sGPir-dofshbd, eefliddhied LN SMich s al ppadmenbhe

nmol ecul ar weight is nore preferably 100000 or |ess since the solubility in
water is very good so that the flexibilizy of the addition anmount thereof
is raised. [0038] The wei ght-average nol ecul ar wei ght of the methacrylic
aci d based polynmer may be neasured by gel perneation chromatography, using
a calibration curve of standard polystyrene. Specifically, for exanple,
measuring conditions described bel ow can be given. [0039] Instrunent to be
used: an HPLC punp (L-7100, manufactured by Htachi, Ltd ) provided with a
differential refractonmeter (nodel nunber: L-3300, manufactured by Hitachi,



As descri bed above, in order to decrease the generation of erosion and
seans, it is nore effective that the content by percentage of nethacrylic
acid in the nethacrylic acid based polynmer is |larger. However, when
attention is paid to a matter that defects, such as the generation of an
organi c residue or the generation of scratches, on the surface polished
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to 5 g feamd@@ethodisitghgolishing liq@domtainingfa vatek—sqiwhlmmb@qt for prpteeting tHS@tlrfaswfng
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pol ymer R eneration of erosion and seans i S
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i's easi| y;iBgter il is WIBHg IBS), RTRHY copier &ﬁﬁplé{@ﬂ&ﬁs@sﬁte dfiestie sebdid pgl&hﬁg ation
of erosion and seans i s restral ned V\:hIJPe the s ras
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t hat t hen@isstig@itsi Binkantinated thetdéth. ahﬂa-sawebsgstfmtroﬁﬂw satpehbibly polsner] BOAB3sivAS
descri bed above, in order._.to re tral R seans
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(1) and (Rlnnd it itdhe 1O affl &Pinh iMBIIRNIY Bncialed Rk ASKMIoGr2CI d Lo the

total anmount o nmonomners constituting the nethacrylic acid based

pol ymer  highwerdempricgpemicopdgtesievicn)whageinghq prmgtionptdipe Withg [spReesty #°¢ ype est er s
I s/ are usggl,@sabine monomer conponent copol ymerizable with methacrylic acid.
[0046] It |s preferred to satisfy the items (1) and (2) since the

gener ati &op1 erosion and seans is restrained while defects such as

scrat ches and Aﬂoﬁjé@ﬂfﬁ@mﬁ@ﬁbﬂﬂ&) pavitela @olifbing dasefir ménl fdnhad apelitise t he
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acid acrylic acid acr c acid type

esters. tmlapmd;ptwemc nssnaatqmlpé,rtbqr@mmtanpﬁjeﬂewm%ﬂ %ﬁ%ﬁetsgﬁmermﬁef@ FrEhY
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acid and acrylic acid ester fromthe viewpoint of a decrease in the
gener at i rpthod Wétcbgar“dﬁ"“&‘ﬁ@%@&}’?ﬁon ofRcrptgh ?r(fhecﬁﬁnetrﬁ@“é{ FﬁHmBFCSﬂJé‘t Fderylic
acid to tgmeuhe 1shea|mawa,tthe,fth&rhg nononers constituting the nethacrylic acid
based pol[émjflz3 Is@ge}%f erably 70% or nore by nole and | ess than 100% by nol e,
mor e pr ef ey © "% bre by nole, even nore preferably 90% or nore by
nole. In[ooldpr to restrain the defects effectively, the ratio of the anount
of methacrylic SugfsfsAkby 99%
or less by nol ﬁgng“f“té"%ﬁrag cﬁ&%’?lmg A)or gesfgmcggg%%%f)agiﬂ?l The pol jshing
slurry ofseaniseit jsrefentivg tojuspaa pdditng ﬂfﬂbhas #@baqlswbamm OBt ORPES Wich Ha Hring stk wo

i qui ds %&fﬂﬁé%@tu@aﬁhﬂ E&%e%%e@'b?hﬁ%f@-gpel:tﬁ@-ﬁﬂyrﬁéﬂﬁs @bidagivee grains, and
an addition [iquid containing at | east the nethacrylic acid based polyrrer
This nmanrl8¥1%mkes it possible to avoid a problem about the stability of
the abrasive grgbdingl. Weﬂt\ﬁﬁéhnan fe&fe@&(&}@bﬂih@fshﬁﬂ?éorﬂﬁbtaﬂ]ﬁh&ydompnw d
based pol%ner i s. adde When t) E Shl sI urry is divided into the two
i qui ds, PREVHERRSEMspEYcard gl Ogy"be&l Pay be contained in the slurry.
In this Casemj the content by percentage of the nethacrylic acid based
polymer in the urr i_nt

di spersibility o ptf"l eP tz.%nl a\‘f‘é’ relé%%&q?téﬁalgiglwﬂg Q,%ﬁ% PQ%14ﬂ§1]ﬁ£ %Hﬁ&gl%%{eorthet hat

t he pol i sition@), s«therpm;bemieﬂxamnqmc@@ewﬂ Polymerit 4t depst Pes seleptedifron ¢ hemoralyperede s ed
in the Seﬁ&?gmgﬂgérﬁﬁlaa@, and Q&? eﬂﬁad@ﬁ%%fefh@gyﬁd’h%fd ahdSmSlodlef bpSIPRErRhTLS
abrasive grains, dan organic solvent, an oxidized netal dissolving agent,
and water. These conponents will be described in detail hereinafter. [0049]
(Abrasive grains) The polishing slurry of the invention for netal filns
preferably contains abrasive grains in order to gain a good rate of
polishing a barrier layer and an interlayer dielectric. The species of the
abrasive grains that may be used is at |east one selected fromsilica,
alumna, zirconia, ceria, titania, germania, or nodified products thereof.
The nodified products are each a product wherein the surfaces of the

[




[ 0054] The primary particle dianeter may be neasured with a known

transm ssion el ectron m croscope (for exanple, H 7100FA manufactured by
Hitachi, Ltd.). For exanple, the electron mcroscope is used to take a
phot ograph of an inage of particles, and about a give nunber of particles
selected at wll fromthe particles, two-axis average primary particle

di anet ergiul fehaRicyRE &ikal cul ated out. The average val ue of these values is
then calculated. I'n the case that the particle dianeter distribution is

wi de, thi@%%iven nunber should be rendered a nunber permitting the average
val ue to becongepieadt iventidn alsh eelata se(3pthe pdishing shotylfgingdél filsis bicordingrto ol | oi dal

al um na as e abrasi.v rain . 1 i 1RE JBAsUred may

be, for ‘é%‘:’rg?fég"ﬁ ef)er“br%%a l%sloimﬁéﬂ%“}r%%%%? Elsea?%??ﬁe%%%mgi%gﬁgihggsa are’ not

vari ous ¢enagigmiar zilconid, 00HBlia, Spewiifddemidpys thérepfuced is a rectangl e

(circuns b%zged rectangle) arranged in such a manner that the rectangle is

circunmscribed to any one of the selected particles and_the |opg di aneter

thereof is radEepesytayentioyasn relaies to Ghthe aelishpg Syryder et s ARTFAVEP Bd

rect angl gelofthk BBRAEAD {38 Jurliér donPRsind A@rgakiokdivedi. amet er thereof is represented

by B, the two-axis average prinmary particle dianeter is calculated out as

(L+B)/ 2. LT HS operation is nmade about the 20 particles arbitrarily

sel ect ed. The Enegrageinvatiolofreldtésdo (5 tuapolixhing shatyfersmdtal filnsfaggordingz tb enyas t he

t wo- axi sS_average ' \/ i cl. ' la)ecd present invention.

Thi s ope?néa‘to?%’ﬁ%%néﬁrq)tg?{ r}’afa%%g%? %hngltl%ao?ﬁﬁzg{@%\tﬁg Sédcl)ﬂrr%%gtégnrt' program [ 0056]

Si mul t an@82d| y, the standard deviation of the average particle dianeter

di stribution iy faleholtid AQ rdibab (d) &S olishRs Sy ©f Aéta s Rcdidhib ahess .

These nmay be used alone or in the formof{ﬁa m xture of two or nore thereof.
dizerfos@tler distribution, the

I n the nererbgheftens (hhigddly foryr (9RPryas 10 B}
abrasi vey@pgins in the polishing slurry are charged into the COULTER NASD

manuf act ured by, COULTER El ectrqni cs - . t andard
devi ati on can b¥ ¥t f“?ﬁ‘é’go? ??rf?l%esbtﬁéﬁﬁw(?f’ ﬁs?‘%éhg‘g{] it‘ol; %F‘%I gl an130(%}zéurméEﬁm}§

di st ri bubkeufthe[iOASA) to [Hefutthes pohpaisiog et antiformoies agbnt fpsewstarains is preferably
from 0.0#005@ 50 g, nore preferably fromO0.02 to 30 g, in particular
preferably Trom0.05 to 20 for 100 of the total anpunt of all the
conponents of Theeprosent inyertiag Sqralﬁﬁeyfoﬁ@%‘eriaé{m&mgﬁli“{rﬁﬁ"? meiplfHms #EorARE A nount

of the abrasineSieata)RI7) Shisieh a bQlistin®durey o poliEif,a it & eqblihk Wigclras,enks made
good. When the anpunt, i s set t&SO q)&ior %ess, gdlg‘p rgneorgerati on of scratches
i's easi | yUfESPrEetARring-19FRas are &Y g eOu ©f “UrhE 88T i shing slurry of the
present igueegntion for metal filnms preferably contains an organic sol vent
since the wettapility.of th 1.shi .HFr N 9 a
substrate can eﬁ’rer?ﬁ%(])n\ygn o?i%laoo rgfaéﬁ%g’é%%cﬁ%# S |%n5&?%t?g§%%hz%g&§%%ugﬁﬁed al so at
the time of usk figt polistimgpten ot polisting aaslegtrpopnipetive apierial diyer|of e pubpteate Ipyae By gani ¢

sol vent ysefl L il %ﬁﬁ%@&f&@m} Eiﬂ@c&n&v@&%ioﬁ)ﬁ{uﬁ bab:Atgidhs) d Bairicplyer a7d i S
preferably a solvent tRat d

i
can be m xed wt ter at any rati, | es
t her eof icpteringite intealpysediglparc ﬂ%%S&@%W%WS\Q@é Fﬁ&&d&?&fa%‘ﬁwqéﬂé{gﬁg?
car bonat ytq fhe GBHch lregfRE 08 & Bver te®hiiyd laye tHeaba nekinghebariik ydr oedr khglconvex
carbonat e; | actones, ,such as butyrol actone, and propiol actone; glycols,
such as é?@%%??@segi?ﬂol , propyl ene glycol, diethylene glycol, dipropylene
gl ycol , tri ethykens @lishmgstep afetpdsinigtredserlayeralieddclyic over thglcgnyert regiensibyat i ves,

for exanpl e..qalycol. nonoet hers,.. s . : er,
br opy! end B ERIREL AyT-ob st A AR E kR AIRTEE i B

di pr opy! en@rdpgtc ety arepicheitamg [l tef.her, triet hyl ene gl ycol nononet hyl ether,
tripropylﬁﬁs gl ycol nononet hyl ether, ethylene glycol nonoethyl ether,
propylené g &col monoet hyl ether, diethylene glycol nonoeth I_et@er,

di propyl ene gl yiepreseptivesntippalse fehiss to QlPX%?WFW%WOQ&WP‘dI‘P&ﬁ%%? Fert Ot her

tri propyl @RgiuthyHeHaiRa&kE 2 SidiRbase®tdatihSiin, @lay 6@hnicFubaRt oyl et her,
propyl ene gl ycol nonopropyl ether, diethylene glycol nonopropyl ether,
dipropyldW&9 | ycol nonopropyl ether, triethylene glycol nonopropyl ether
tripropyl ene glTHe pleschtin@pticdfalsh rebitdded (11)ethdydlistieg mrthod atcordingddihe itdm & bt Q),
propyl ene gl ycol nobuyt yl et her. diethwvl | ycol nonobutyl ether,

di propyl € r%ﬁ@%?}%}%ﬂﬁﬁg‘ﬁé‘f At %fn?éetnﬁwl‘%ﬁfﬁf;ﬁ%gﬁé gl ycol rmonobutyl ether, and
tripropyl ene glycol nonobutyl ether; and glycol diethers, such as ethylene
gl ycol dinmethyl ether, propylene glycol dinmethyl ether, diethylene glycol
di mret hyl ether, dipropylene glycol dinethyl ether, triethylene glycol

di met hyl ether, tripropylene glycol dinethyl ether, ethylene glycol diethyl
et her, propyl ene glycol diethyl ether, diethylene glycol diethyl ether,

di propyl ene glycol diethyl ether, triethylene glycol diethyl ether,
tripropyl ene glycol diethyl ether, ethylene glycol dipropyl ether,



nore, the wettability of the polishing slurry for netal filns to a
substrate becones good. When the anbunt is set to 95 g or |less, the
volatilization of the solvent is decreased so that the safety of the
production process is certainly kept with ease. [0060] (Oxidized netal

di ssol ving agent) The polishing slurry of the present invention for netal
films pr {,ﬁ)ﬁ ably contains an oxidized netal dissolving agent since the

di ssolution of a wiring netal and a b)géri ﬁr .rret%lé) oXi gi zgd W tﬁhf n oxidi zer
i s pronoted sdbeAstentipventingafse FRlaR 14 G dRe Rofiding srethod FPegaiog BsPh P! Bihe

oxi di zedigmR{(Blo di)seBraih e bRGE MyertBRpHskeat lae ofprselsaat franmteesits,dantdlegn not
particularly limted as.far as the agen L ZedmPath i er

net al or°°\’iﬂP¥‘f“%“ 1t%‘?n6““b‘:e°mc§’f’usn§%?u\?§sg§1|’ {rilm%%pégr‘\n%b anp (g?éld?her etg?[ﬂ%cl ude

or gani ¢ @oipasdsuch as formc acid, acetic acid, propionic acid, butyric

aci d, Vaﬂ{oﬁili]c acid, 2-nethylbutyric acid, n-hexanoic acid,

3, 3-di methylbutyric acid, 2-ethylbutyric acid, 4-methyl pentapoic acid,

n- 1 aept anoi ¢ akdeerding torfhe HgerH dnveition.chedpgo ,°raﬂgrb?,fta§ﬁ3?‘i¥ylé’(??‘g,b”?£%“ilm hexanoi ¢
aci d, befzQl & pasibR to @& JobshE kklsry S hie@YAiling ardlGipdlishiak yefhdd hiitieglainoxal i ¢

acid, malonic acid,  succginic acjd,. glutaric,.acid, adipic id. pinelic

aci d, mafrefien aad pgms o Rty &?“%?Jd’a’ﬂﬁglg? rafg P&Oﬁfhéqgta%ﬁte@aséef:%%, %éﬁ' ric acid,
and p-t ohuieARed) ke Raliithk flanes of s trefase olishehberewidy qaheieby kgh.d, and ammoni um
salts of Ohgbjse organi c acids. O her exanples thereof include inorganic

aci ds suE s hydrochloric acid, sulfuric acid, and nitric acids;_ and
amoni um sal t sAabrdingestae pressntgrmitionabs slectiongEn opgmal pAlHRPT AN 9 spesiss ofdhe
amroni unh@t{h%}&ﬁ-fo%cid giﬂgd Oﬁ'}m{nhﬂ@ ﬁBJ}s?tB!_e@lﬁproﬁM RIS sy formemEiifs afdfa t hese

exanpl es, the oxidized nmetal dissolving agent i refer a?l at. |l east one
Sel 60t odPalibing Pehe R CrRECS A (B ACEerHR 4F = S o e P oot ARSI & {1
aci d, sab kg¥hdiCpoBsiediherdRith G@ieRibg aiGdlihs B AEEe-idtioptdaAdiangigeont efectEinprbdrced.
effectively restrained while a practical polishing rate is maintained.
These rra&otyﬂg used alone or in the formof a mxture of two or nore thereof.
[0061] The bl eActontinpunthe pleschiiaventiinghe mdorpasttinh ofkibssiyé grring amepadizer fog metal,
preferably from0, 0O hikQ a SirideN

parti cul 5%{ anﬁl rerer %?ﬁ%t f%%&%%%%%%lag&g{pﬁ%?ﬁél%g&éQ(E)%Ogg %ggftpg%al gof algl t he
conponenetabindeiberrignohdtal by Wit as fha pbaye-msptiored advantgepqyg ool atg PodReed) i rebunt

of the oxefioEgdotBhading SSal Ntk R @hitdbe Hrhe dbovelnddfidne scosndiPolisking ko
polishing rate of a wiring netal and a barrier netal is made good. Wen the
amount i $akgtobtaigedo g or less, the etching is restrained so that the
roughness of t Beeffimbkdriphetbf fidiredrgsi S easily decreased. [0062] The bl end
amount of &3 wat er may be the bal ance. The anount is not particularly
limted a®fhr as water is contained. [0063] The polishing slurry of the
present invent [Kg 1 Bigs.het a:lherﬁdtibﬁ@timyviwmle##oﬁfwf@maﬁnn?ém@f?ﬁgal :

Exanpl es of ~the oxidizer for nmetal include hydrogen peroxide, nitric acid,
pot assi um perlogate,_ hypochlorous acid, and ozone water. O thes

exanpl es, hydr dfjer] Piey-dxp srbemasic segrienab(ievyifysrpig £ SFipslem #HETPOHEY 4e used

al one, Oreohiar tviifg kBl htteth Wbkt kvBier® fvirindGnetil regidfistant ekt diclWitiresitig are
substrate_ i's a silicon substrate confaining elenents for integrated

ci rcui t s,altprpately anprgedsand gy eropon. TERFEEhst rate is contaninated with an al kal i
metal , an al kal{Figes] €ias.5 bre sahbitic sevtibial viehes illastratinige pbitikeof atchppee g attacled

oxi dizer is desirably an.oxidizer not,. i4E00 neoMelati . SaGomanent .
However , PABBBTEFGHE at ere ™% é‘a’gf?or“‘Srr‘i)n(()isulgt r|E %d%k%?igo I's g?ntens%l yarfcéhanged

W th the pxessageectifelt i ne. Thus, hydrogen peroxide is the nost suitable.
However, when t r(‘ﬁﬁﬂ SRnddpe slurry is applied is a glass
substrate cont af%%gtlw%&gﬁ% sem%@%m}ct or el enents, an oxidizer containing a
nonvol at i[0@5tonponent is allowable. [0064] The bl end anobunt of the oxidizer

for metal is prgfesiahysthidPal philent fvaioRfor ABLEILRE B efaltizedby odtdhithh t o 30
g, in particular preferably fromO0, 05 ,to,‘%S f@;ﬂ lo&&% of .the. totgl anmount
of all t heethsfiopahbasedaeymRe Bt PebacRYC & ‘?"F‘%PP ef78 PIgFer ARV RS ¢ he
bl Ie n d " a MOghpher Qfalébﬂﬁ@' véxrek-SH 1Ry po{/y\%fersmﬁﬁg pattRuldyt higmﬂ @dsOrptivjty@ntoroppes intingion o
pol i shing yat gcones, gopd. en the ampunt 1s.set fss, the
roughness™ efrctgﬁ’émﬂég‘%‘ﬁgﬁg‘ °f %f‘ct%g’i"%a‘é%r%gcfog P (tae(%:trm éisg%%a%g'ogg?%fhg&%ol i shi ng

slurry of the present invention for net films may contain an
anticorrosive agent for a netal. As the anticorrosive agent for a netal, a
material may be selected which can forma protective filmfor a wiring
nmetal, such as a copper based netal. Specific exanples thereof include

2- mer capt obenzot hi azol e, triazole type anticorrosive agents, such as
1,2,3-triazole, 1,2,4-triazole, 3-amno-1H1,2,4-trizole, benzotriazole,

1- hydr oxybenzotri azol e, 1-di hycl roxypropyl benzotri az, ol e,




4- am nopyr azol o[ 3, 4-d] pyri m di ne, which each contain a pyrimdine skel eton.
These may be used alone or in the formof a mxture of two or nore thereof.
[ 0067] The bl end anpbunt of the netal anticorrosive agent is preferably from
0.001 to 10 g, nore preferably from0.005 to 5 g, in particular preferably

fromO0.01 to 2 g for 100 g of the total anmpbunt of all the conponents of the
pol i shi nﬁes%}n@& fhift i Oaka®hk Bdssible kdRecrei@B pdnBratidalofetisid@ntd seatns @hentafém to be

anticorrosive agent_ is, set ring

met al i sPatise isHOlRbef- s &g ’H%Y]Eac’fyh‘éacﬂ&ﬁ%ﬁglgm crésfpréf'fﬁraaf)aﬁeag ngglﬁg{ed ﬁm?{mg easily
decr eas eghmopbigiertuizde B ambthicsylis edid, taod 4@pgymar nladssfoom methacpdp fothindg rates of a
wring netal and Lekqlayer tend to becone good. [0068] As
descri be§® %Qﬁgrwpdm%bq%m Otf[“‘?]'g‘e sﬁiﬁrlrylof the present invention for netal
films isio0kd nost pr ef erably a sluny containing a nethacrylic acid based

pol yner, abr asiyg ﬂétﬁh%l’y’h%l%&q 'pgl%ﬂerfﬁfﬁ @bolﬁiléi sRbsfddgmefRRMic addand a
ant i COfrOSl ve agent for a netal and a

.
pol i shi ngrossmer papolymerizahinuit the metbachiin a7 H’re§at‘°tofz1t§ ?P?"@Eﬁeﬁlﬁ%wlfcﬁggémger ation
of erosi R ARhnEE@FBrOhSMdrES bleftibB A%y inhe byebleact lpdsiten 4¢1%bihagdediopol ymer
can be produced to the. nmaxinmu 00 whe 6 resent

i nvent i oPFefeB‘glyg\g.{ 6SF mpre P llr“fﬁﬁ'zy%sé[m %ﬂ% c}h TOIQQ eh%pgiﬁn%é@g é/0pI;Ianﬁ({/}\Ag?‘ul‘ang | ayer
in a semeeamhu@o%bynielwmeamtﬂiheprsiewlwwmym@ea@s@dthah100%‘?? ngoka mpYhEn e heni cal
mechani caly, BbJ SRMNGbr hbdtiolheidiotliid 18 STIoR) byl i the g@ﬂehaéﬂdfefomb@aﬁﬁr and_an

interl ayer ectric under the Sane condi t| il’éﬁ pol i shi ng
rate rat bemofs elibravapy je e ayer

f tfm ok Testrap mtbatﬂlpﬂyfeef phresutiace foj b polishigrds ?af 1 ay
di el ectr s preferably (0.1-2)/(1)/(0.1-2), nore preferably

(0515 0.5-1.5). The | i r at tio obt ai

conpari ng the %’Eﬂ"?eéﬂbﬁ ‘?’Yﬁraﬁea‘fl‘elg"pgfwﬁghéﬁg%?m%ﬁ?"@'?%“ﬁ%%%&o e {% % aP® of
t he respeggeihbry,endréptetably 9808 0Rr inbre. \Walharts: wight-potagsheldeula szprehitome blythacmi@m]
The interl r deectr s r

or gant ¢ BORPREPPTETE Loy B pleiplBRSE aBs Rl Bl e
silica bametle Baved afg sfrfabats 5 be Bd@hdmblmaé@ﬁglm dhe enper it pf fs vefeptcayeiagey| ass,
an or gano%iecﬁlﬁ% ng %ﬁﬁﬁarﬁmﬂ'y%%cf LA hrkfefdBll BY00800 R MBs Bdm the vzewpomt of the

di rrethoxy Imethyl’silane as a startlng materlal silicon o

r
iy ogen et Risels T KNS TACkT BT AR Y ia-dh Pt o st S
organic %lc‘éﬁlﬁrwefg'hl, E!ﬁdrmiérsblﬂe ﬁe@lﬂab@fagﬁlhﬁ[mﬁlhr@veighm ﬂ!e&l‘%bftmi)(wg(tﬁrﬂﬁt al‘fbe

terl di el t d
et G o SSRGS B o LSl B BBl 0

A speci f|ﬂex;anamptheadminohlamunnﬂlewd:fayzenseddl eI ect ric is an interlayer dielectric

in a proi(gq%afor producing an LSI, in particular, in a step for formng

mul ti nt er connecti ons. [1007_1 For the w ri_ng metal, an

el ect r oconduct Threwaight-averaat mplggulas scightend the medaayliseeid Sassh pRvRe Y beeiyred nay

be a subsg, %g{l%&rﬂgﬁgﬁ cHFBhtbofapBl, ulingBlaBbraticiltiie 3SstHAPEIlystyEMPP Spedtidally for an

oxi de of an oxi de of copper all tungsten, tungsten alloy, silver

or gold, eaﬂwlebémﬁllrélgéi’%ﬁp?s%f’s‘g@ﬁ‘g e&?%‘@“%%f& ®mrai nly of copper, such as

copper, pfr aIon, an oxi de of copper, or an oxide of copper alloy. The
a

il Tl Laver 0 e e Lo 00 A b R it

barri er Ida’;&mua}seﬁfaaomad(m@depnmbenbﬁﬂien@mffmﬂmfbmmHédbl ectroconducti ve
material into {Ag| @h&?&g aﬂk}% ﬁsﬁgkﬁ‘r du@e}ﬂmbfmineﬂ&u&m@{éheehﬁkems

bet ween the interlayer gctric an Re el ectroconductive material. The
conposi tion of Mdhie nilaaehemnibtémd 4fg Sweﬂe@qw Bydrogen Rhgsrbpts AueRls gLition
corrpoundgacggd& 18E obHpBYHN. tungsten nitride, tungsten alloy, titanium
conmpounds such as titanium titaniumnitride, titaniumalloy, tantalum
conpounds such Fies retgfnbiin t ant al um nitride, tantalumalloy, ruthenium
and rutheni um ¢QIRAWAGSratuldIgsobat her Iayer may have a nonol ayered structure
made of one of these substances, ug‘ Slffr ig conposed of two
or nore thereofEm{‘%Pé‘]heﬂ%o%F‘?PgﬁF“ﬁE fo 'é fit i nvention for
metal filns caRabsyhd R Eabkyacigiedcid,Rrddne acﬂ&enydﬁcetmﬂcxdstighngpua filmto be
pol i shed which h forme ar ea havi n 0% or
nore. The” %ﬂvqf?r@eaﬂaéaﬁe f?"“gg?cé’?‘r‘;é%i e pa,malede %ldg/mg ucggga yﬂe%atx%n?fjafmriom t he
wi dt h of the interlayer dielectric regl gns and that of the wiring netal
regions (including the barrier nmetal) in the area where the wiring is
formed. In a case where their |ines and spaces are each, for exanple, 100
pmin width and 100 gmin width, respectively, the wring density of the
area is 50% [0074] Wien the wiring density is 50%or nore, the area
occupied by the wiring netal regions becones |arge; thus, problens of
erosion and seans tend to becone remarkable in the area. However, when the




pol i shi ng machi ne having a holder for holding a substrate to be polished,
and a platen or polishing table to which a notor, the rotation nunber of
which is variable, and others are connected and to which the polishing
cloth is attached. The polishing cloth may be an ordi nary nonwoven cloth, a
pol yur et hane foam a porous fluorine-contained resin, or the like, and is
not pargm@g&%myMMLNIted [0076] Cbnditions for the polishing are not
limted, and the rotatiaonal s 1£e qhnmamgreferably as |l ow as 200
rpmor |ess sdmggmﬁﬁﬁs?ﬁ%“éﬁﬁ y? aﬁ?“ébun out. The pushing
pressure of thﬁqﬁeﬂﬂngnduaeemhaubahﬂaﬁﬂﬂewﬂwbhwh&&mamémmﬂaeémwbmb@m

pol i shed oli ﬂhla QQ:ke I n

or der thafggﬁéwéﬁ %%lma%ﬁgﬁgﬁ§h8£Qméﬁnﬁ&ﬁéﬁggg&X%&ﬁﬁe s&%?g%g toaghrEe
poIishedmdﬁdﬂbﬁemﬂhemﬂeﬁ%e@mithe pattern can be satisfied, the pressure is
Tor e pr ef er abl o[ 4 ! Aehdils Whkylahiio S (s thtorhlh cb@thic th ich

polishing slurry of the present invention for .continuously

suppl i edgle slarry ﬁéPPﬂJ‘?ﬂ iFa Pﬂl S‘ttts‘ﬁ%thfobi?mﬁ@aq’l‘ﬁt°b‘fmgaﬁiﬁﬁm§r ort@élkf”l faaun d‘ﬁ‘f@&)armu nt
pp g

of the Sﬁmlmlé/subs%'ate Qlcodthnihdt@lvithaunglalii et thareitrt yhmpcammuablqomumm ng the

surface of _t shrn cloth to_.be.constantl| i shin
slurry. Prﬁ@ﬁpg aﬁ mﬂxals:illgthffr of. el" smaﬁter 18 m?%ll,u?agté%hﬁat trﬁgxage{} %3 e | Sg

sufflcreﬁmhmummﬂhaﬁ:mnth runni ng mater a spln drier or the like is then
used to ﬁ} r away water droplets adhering onto the substrate, and
0

subseque the substrate is dried. [0078] In order to conduct chemcal
mechani cal pol Asdesqribed ahovehia onfertp dearessg the gracrafiop pheresiaaaad ¥aB%: LHHBOBo| | shi ng

cloth is.ganstanink %n@ﬁ% ﬂeﬂ@n RBmethderyflis adid ﬂft]ﬁrnieﬂﬂcryﬁb PELheL m]lf,'rh@ isSt ep of
condi tioning the polishing. cIot before t

e
dresser EEeniFORoGE FRERICTYQR f5iPaid &2 mpter Gaty 8%%%5“5@5 %gﬁe&e'?%m Eﬁ]ﬂnggm 1"0n t he
pol i shi ngasﬁhéﬁrlﬂae\gbﬂehmﬁ dfistuitclebs, Cbﬁlﬂteaunfacagola]tedlmste poliship sluSudfdecpesert| y, t he

pol i shing net hod,of Rrese N0 tep of
hashi ng DHEFERBEEF Sretoard i BraratPy e B ] %%#é%qrﬁ@nw BRI’ o hod
of the pnﬂwmnmeﬂmnrﬂwemimamtmamrthQOﬁm@dzaWWﬁhétemgﬂa’ﬂﬁ rst polishing
step of ﬁarlng a substrate having an interlayer dlelectrlc havrng a
surface contai ni ng concave regi ons _and convex re i ons, g’ F]‘a‘iaéer for
covering the i Fhespanagecoppiwmegieibld wthihomgharrlic wifhif mew Plef By

el ect r oCQREECkid Ve BRI ilight of 8YRAantagk thettBe mMiombr ik afgeeuiv)e férithd degtedsatnohet he
concave regl ons, . so as

ove | i the
el ectroc8 B‘ﬁ‘i’,ﬁq}em?fﬁ?@'efaﬁf Y Ay ‘é?cl‘gﬁ‘lgf]hecr’gﬁ ac1€¥sg %mce %g}rgg eg?%e‘% ng
barrier hawsthgeonés ddciease oy genemibgi of aosiexmd seds carbd adiugale ond polrshrng st ep
of using &)%olishing slurry of the present invention for netal filnms to
polish th arrier layer, which is nade exposed in the first polishing
step, thereby ddilend amprt phtheméthageyiic aidbasdipelymeryy peferahly Fopy A% 1t B BPFIE

exposed nﬁﬂé%?abﬂ%ré@bﬂg 5 @t&ﬂl@ﬁi g 8F il 1081 Bﬁ&éﬂ%ﬂ bdtﬂ@eﬁﬁnts%tr mapylishieg appl foed to,

for exa formation of "a wirin yer#raiﬁ enlcond%ﬁgﬁr devi ce.
[0080] Timetal BisowlVhe thi blgnd gwewy pijhe g % 74 PSP EHE SH 8 TR ERE™HEL hod of
the prese@ptgehdmtenbt eﬁﬁtoﬁ Eﬁ'@aﬁ&ﬁ@ef&ﬁf Wrbs@rﬁm@f soahamhé ﬂﬁtgssk afyﬁr sul‘fdibe@ be

sem conducy or, devj ce. e of
silicon @pyRediseasty ’P‘?‘l’@ LJVP a%?t%’é Rt Ptto% %’s‘g § grgttl %oarrll&) Next ,
concave k&fis @snssu@mmﬁﬁbdnesmbmwmaﬂe abregvecgml)s clqammﬂ’gn the pplehleg émm feemetat t ern
are for in the surfa £h&fdb bGd N @ known manner,
such asn?ﬂ%“fma'” on B?%e(as erp&dy%gg%%&gs%%chr ng, bso as to cause the
interlayemma]electrrc to have convex regions and the concave regions. A

barrier layer af dés@r'{\}eé‘h%% orid % Jet:d&%lﬁlégehaatt@@fausmaaa@Eeaﬂe@mmtetyqn],s C\/D or
the like to cover e Inter ielectric a t he cqonvexes
concavespﬁﬁﬁ@hé”ﬁ@ﬂﬁ%%@%ﬂP@D@éﬁﬁHﬁﬂﬁ?ﬁé@ﬁﬁhé““&ﬁPgWEET*Bg% ‘?@ terral

| ayer ofﬁgggm@ﬁﬁﬁg(whﬁuﬁjke for covering the barrier layer is formed by
vapor deposition, plating, CVD or the |like so as to be filled into the

concave ﬂ@ﬁﬁbns It is preferred that the t hi ckness of the interlayer
di el ectric for ppdhentié behsduvahtofinethadrilatacidfo théietabanqunieof theagompmerand t hat of

;Bguelgc%%%ﬁgqu tiv mﬁﬁ%a?égme C%%%fgnﬁﬁéﬁl about 0.01 to 2 O tun, from

r om ab ‘2.5 pm respectively. By way
of these steps, a substrate having a strgucture as illustrated in Fig. 1(a)
can be yielded. [0083] Next, for exanple, a polishing slurry, for

el ectroconductive material, which has a sufficiently |large polishing rate
ratio of the el ectroconductive material |layer to the barrier layer is used
to polish the el ectroconductive naterial |ayer in the surface of the
substrate by CAP (first polishing step). This manner gives a desired

el ectric conductor pattern wherein the bather |ayer in the convex regions



Exanpl es [ 0089] The present invention will be described in nore
detail by way of the follow ng exanpl es; however, the present invention is
not limted to these exanples w thout departing fromthe technical
conception of the present invention. For exanple, the kinds of the
materials of the polishing slurry and the blend ratio therebetween may be
per m ssi %@; besi dgs t hose gescr: edhlg t he exarrpl es. The corrpogi tion or the
structure of an object to be polishe a 0S| a structure
ot her than thé%)é”‘c&’é‘ﬁ &5d pyaervh ﬁ’é’eeﬁeﬁrﬁn}ﬁ%élseg[aﬁ% BT,”P ¢ gouf%ggseﬁg to 14, and
Conpar atdoydydfRifh with rletiaoryfic 4cMet hod for preparing poli Shl ng slurri es)

Some of ‘ﬁ% vi dual conponents shown in Tables 1 to 3 were m xed with each
ot her to[g pare each of polishing slurries, for metal films, of Exanples 1
to 14 and Conptis prefeved tExatiniylthedters (1pang, (2)[59‘9@2? generation of erpgipncaad pags | Scopol yners
*1 to * 5 Itxgmlc?\?ﬂuﬁ%eﬁectg Qlc]:’laas sEer@heE%d'aﬁo@Xm@Rkl@ue(c% ydetreds &) Dﬂﬁm@ardmm”er 5

therein ¥ as *1: methacrg rylcald acl9

net hacr ypobeneaisiperfemdinA qoeoisa@ﬁr alade%rfzefh%fh ‘}C %38?% aRId 0L B HIPRRERY ade
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Vg om memacr Ve apd S A S ¢ ool sielt kR 8aiic B i B

subst r at B erne strates
manuf act atidesteDyon DR wichiP ofradetrersn in thangeherttion IO‘ésreﬁmndP‘e#eefE% r iTee sEQIf B si | i con

di oxi de and havipn B6lmethhcREBL h&dbdig S! urry
for copp®t? uptq mp%ﬁca&h%&?ﬁ%ﬁ%ﬁgﬁlﬁg}gﬂﬁﬁggﬁb |tI;1u3 hlcg%em cal Co.,

Ltd.) wesolmsed prbergisl T0horives byopaireand fosg ang00% by Frolsi etk ety D5 Bore

regi ons @IIQS{Q e@&%rg[grgfgeé 6®F biOBste t;)hﬁél& M biderfto kes@unth&leRicts effetinay) thel N t hi s
way, substrates eac V\%

ich.is s § d erein
Pl ety ol e PHER G S S renar e B il S b E b e b S o1 D,
pol i Shedmoly}ﬁ‘or@ptbﬁiab@tge%oweg.rse:ymnhsed to eval uate polishing characteristics
of the po jhl ng slurries of the invention for netal filns. The bather
| ayer of 08%%8h of the patterned substrates was a tantalumnitride film
havi ng a t hi ckneslishing 260y # the [OGEB fnvfioh fos metakfiles may b Bridy ity odiaridy
machi ne: Ol L s, BBd @l additidnm (:Mc&%;m midée @t ur ed
by Appl | SRTRED o § ApEelbfife il ShlnoLER o AoLLeh ng gL @ﬁ%ﬂ%l
f oamed pmbtyemélche!ﬁeﬂsﬂha?ﬂmrrJMF’I%‘WW&IFFBEP"SS 1519 SR RS ’é‘*ﬂ»& Yﬁﬂ f"g’f ation
nunber: 8¢y flAkE a9, mdaed%aieh 8 thtgagmﬁdhﬂ Sﬁﬂﬁ Rethabdylik Rad Bedd wlynagis sddad.ry suppl y

anount: 200 nL/mnp < hi n ubs atterned
subst r at 8dendp polisipg g éﬁlg’f"(gg(ﬁ‘ﬁt@ 1911 a?l?i?:&é?c%}hg% ?lmdd) W T-I;In%b%

pol i shi ngonamwriﬂtﬁesmrfyr hiakigtasé, tHeweytenivby pﬂnceWegee»f pxeepﬁm@ﬂlqawdﬂ)#ed polymer in
above-nenti oned nethod r QlLhBNUANE 28labld rfiss o LSRRI vel y,
under th eﬁwgﬁ?tﬁngm%Baﬁ%cq%eftg?\egﬂggﬁr%gtthé]{ﬁ&g)ndsﬁmThl s corr%spo%ds tog‘:{dhe
second p@okghing step. In about 30 seconds, their interlayer dielectric in

the convex reg Q:'Pcﬁer&{Qﬁh@ﬁ?ﬁﬁhﬁfg'smn%meﬁldsaxﬂhﬁnﬁdﬁoﬁhmﬁﬁxenﬁa@bbesepaitmshed In
t he remai ning 30 seconds, this exposed i nt, erah .er dielectric waiaﬁ)ol i shed

in the cewveseolishifiastes. it i profyupd teatiiie Siugy coplains ATy HEIL, BLPAE SRLD A
sponge Dbpikahed hRd Qis@ividy a?&it,}éﬂd wytkr. aMesbaimpbaas avill Bsdesdyibeks dgaitivedhatat o t he
surface to be polished each of the patterned substrates, which were

pol i shed [§%4° % he above-mentioned st ep of polishing the subst rates. Distilled
wat er was then¢suppkigathst 0 the substrate while the substrate and the sponge
wer e rotated. t hi.s RR8H HREinOPrSIOCQRHSIn ofleXt |

t he sponge br ug_ﬁ Wgsmﬁwﬁgéaggﬁﬂpgﬁgghgmstl ed V\gtcer wasrsu gl i edoto t he
surface twgdien grofl fagtnd dolishing hbargey fryerragd an merlaﬁeodlglefe&nghe $Pgpis oy the ghypsive
substrat e m%}&%ﬂ&ﬁe%gedqg atélaeag{' %eﬁ%@é@m%ﬂl@d; @lﬂr‘ﬁmﬁ,@ﬁ&inﬂ, Ehiia, MmN, éehﬁaniit atilled

wat er to &t e ‘substrate. his wa a tterned substr at usedfor
mfﬁfg‘é‘ﬁ’f

eval uat | owdifeéniefichderst| aw:waeﬁgﬂ REpdye LEPAFERT O

About  eag).afe fNEpRAlder SBA, Muiad, pRdoaR, atiglitat, deindnheor tidike 0f modiSkivig t he
substrates, the evaluations described in the followng itens (1) and (2)
wer e nadéﬂalFﬂ@!}G‘}’- (1) Erosion ampunt: about each of the patterned
substr at ggosy] el ded in the step of washi ng the substrates, the surface form
of its stripe- ern r.ea 90 pm
where wiring %FCtB‘Z‘%ﬁtO f)h%af”ﬁén\;ﬁ%&ﬁ %%%?%%g%ﬁmel ecl'fr&?c regi ons
10 pmin width were alternately arranged, vvas measured with a stylus
profiloneter, as illustrated in Fig. 2(a). Next, as illustrated in Fig.
2(b), the difference (B) - (A) between the maxi numvalue (B) of the polish
anount (polish anmobunt) of the interlayer dielectric in the stripe-form
patterned area and the polish anount (A) of the interlayer dielectric
regions in the periphery of the stripe-formpatterned area, that is, the
~erosion anmbunt was obtained. This was used as an index for flatness. [0197]




(2) Seam anmount: about each of the patterned substrates yielded in the step
of washing the substrates, the surface formof its stripe-form patterned
area, the total width of which was 2900 gm where wiring nmetal regions 100
pinin width and interlayer dielectric regions 100 gmin width were
alternately arranged, were neasured with a stylus profilonmeter, as

il lustr ﬁaa@lﬁcuiaﬂ Eﬁl@ﬂd i ﬂ)a¥ b ¥R dthod®P cduhhé"@dfo%&l%%ubé‘br&;hﬁ on #& Ql)rastxte%ud | stance

(O fro e upper end he inter|layer dielectrig in a vjicinit 6 of one

of the wharigurgeesP rqaetgwfeﬁealkefyﬁ#ee hatigthealierl $puPan B6162 Rige i shed

interl ayﬂkylgfoeb eebtrpaﬁmmegﬂ liﬁﬁted,faﬁlﬁixamﬁes thdief Hemaa ramméthylumﬂloiqtsaana,ed Thi s
was used as @gex for fl ness. 8; The f %%mess of the
PE %1 1eth0 S

i nterl ay%‘F’e@V Pistang-&gp SR Onoethfy opper-Ww ri ng

at t acheddiphyitiaethedsitng stistigireonvmehaxgsking, montaii@elyb;rlqshﬂxy@hle @metm’idieﬁlsxysilaue,

Stri pe-f gk RakfiShNed,ALER  hemlRlab: i Aol nBeb R %RS00 rBBunifer ©
vmrlngrr%‘% glons?L pmin wdth and I nterlayer dlelectrlcreglons 100
gm i n wi arésiveugram pafticles matadted tarachigede alkorysilepg Wﬁ?‘@kﬁéﬁwr‘t"ﬁ’e i nterl ayer
di el ect 1 G WS MERARUIGREh WhyitR hafed@idcaiathte feldibddal ckness meter. The resul tant
val ue was used as the poli'sh amount of the interlayer dielectric. [0099]
Figs. 2 Hletleach a schematic sectional view of the stri pe-form patterned
area of the copperthehbrisig gaintsg&tbe,darqﬁaieﬂesremembmmmaioellolm@lnmna hevingiani ng

metal regions 90 i N pmin
wi dt h wePS™8F PEYS rlleg‘{};é’?eterm#ir%gﬁmedgssR‘e’ %hraé%ge"d?%n%’ ITL t%esenﬁgh%%%m

i nt er| ayend leis givethe genen;au@ nutnher obseratdhes geheagted by VP, Mﬂeﬂw PFPfﬂ'gedrﬁeftfa)ﬂmﬂ%yer 4,
an erosi gf., drﬁioﬁh%ﬁuﬁeﬁa@ﬁf&n &b&a%%laxln@lg WRBketerdf 1606 ALk Sh amount of the
|nterlayer tric regions in the periphery of the stripe-formpatterned
ar ea; an{p(@] t he maxi num val ue of the polish amount of the interlayer

di el ectric regirQianicRk daheteStfidEo h&é:ﬁhj@ais&tersmﬁha@r;eamle[dmeﬂ offffiegi$rasie ar e
each a schematic sectional view of th are . ggqg&g&etgl\_n(srew attached
patter ne&ra%B%f?ngFéfaWﬁ@mEpﬂ’@quaﬁé”ﬂ%‘lg& g—ﬂt&q 9 m i mdth and the
I nt er | ay pérti€lé dibBeér) ingy et bi Piddeping arsampleltvhermﬁle a!ahsu\ewgraats eteydispersedirged.
Reference untheusml rer}%catea ! Son B caete‘g&ttglg £f. s.gé Ltﬁﬁﬂlﬁ%ﬁetelz Sﬁe@{ﬁcﬁ@%ﬂ er

| ayer; EWPTPE tate oret polishing; 6, the
Wi ring n'ex@pler egpterrCQliﬂél“ ERIT{@DG@&HFﬂQ‘éu%he@(P%@R Rlpcgpaies - Euse? to gakea@am C,

the dist %&%ﬁr&h@&%&eﬁl&e F@B@ﬁlg@&ﬂlﬁgﬁs bRl EhleANEE: 2@1"(1‘3&0@&11{ bffactiROhdRR near

one of t W Trin regrons he | ower end

excessi véPj3 U@Fei‘)smlq rpffastiyeddsy: l’éﬂ“@l“@&%eﬁ'rﬂé) F%‘@Pﬁ’ﬂf’wsﬁ}lld’ff °F peDeTe i

gef ect S( %gb élefﬁlhs %er%ﬁie&%ip@% gt gjiéﬂ@ﬂégyﬁ ﬁfﬂm fbg)aSPdﬂf'@QB the AEREEY: NQg
evi ce mpl us manuf act ur e ria

| engt h- miednirisiethould bein fhedepserle %W d%‘é‘%‘ef %MT %%32&6 t he

nunber Ofsanglid is dmt@mlsl Wasee kil thdnels: dildd smg:ams permisted mlbe sipasped. Jrfoidd peticles

substrat e was t Ig%{he gtatf: ﬁ‘l&tt{l a9c1;lcles L%%ls?erged Vﬁﬁfé?'némseﬁe Mee({l émQPar t by

mass) 2% agy% AcTATC aci “aver age’ ol ecu
wei ght : 80BOGipasured after the sample is appropriately diluted to set the scattermg intensity into the

above-mentioned scattering intensity range. For a tentative reference, it is advisable that the sample

should be prepared to contain the particies in an amount of 0.5 to 2.0% by mass.
[0053]

The abrasive grains are preferably grains wherein primary particles are aggregated in such a
manner that the average number of the particles aggregated to each other is merely less than 2, more
preferably grains wherein primary particles are aggregated in such a manner that the average number of
the particles aggregated to each other is merely less than 1.2.  The upper limit of the degree of the
aggregation is varied in accordance with the primary particle diameter of the used abrasive grains. 1t
would be sufficient for the invention that the secondary particle diameter falls in the above-mentioned
range. The aggregation degree can be obtained by gaining the secondary particle diameter and the
primary particle diameter and then calculating the ratio therebetween (the secondary particle diameter/the
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Pol ymet hacrylic acid (weight-average nol ecul ar weight : 21000)
Met hacrylic acid/acrylic acid copolyner *1 (wei ght-average nol ecul ar

wei ght : 8900) Pol ymers Methacrylic acid/acrylic acid copolymer *2
(wei ght - average nol ecul ar wei ght : 8500) Met hacrylic acid/ met hyl
nmet hacryl ate copol ynmer *3 (wei ght-average nol ecul ar weight : 14000) - - - -
S primary particle diameter). .

{0054]

The primary particle diameter may be measured with a known transmission electron microscope
(for example, H-7100FA manufactured by Hitachi, Ltd.)). For example, the electron microscope is used
to take a photograph of an image of particles, and about a give number of particles selected at will from
the particles, two-axis average primary particle diameters thereof are calculated out. The average value
of these values is then calculated. In the case that the particle diameter distribution is wide, the given
aumber should be rendered a number permitting the average value to become stable. In the case of
using colloidal silica or colloidal alumina as the abrasive grains, the number of particles to be measured
may be, for example, approximately 20 since the particle diameters are not various in general.

[0055]

Specifically, induced is a rectangle {circumscribed rectangie) arranged in such a manner that the
rectangle is circumscribed to any one of the selected particles and the long diameter thereof is made
longest. ‘When the long diameter of the circumscribed rectangle is represented by L and the short
diameter thereof is represented by B, the two-axis average primary particle diameter is calculated out as
(L+B)2. This operation is made about the 20 particles arbitrarily selected. The average value of the
resultant values is referred to as the two-axis average primary particle diameter (Ry) in the present
invention. This operation can be made automatic through a computer program.

[0056]

Simuitaneously, the standard deviation of the average particle diameter distribution is preferably
10 num or less, more preferably 5 nm or less.  These may be used alone or in the form of a mixture of two
or more thereof. In the method for measuring the particle diameter distribution, the abrasive grains in
the polishing shurry are charged into the COULTER N4SD manufactured by COULTER Electronics Co.,
and then the value of the standard deviation can be obtained from a chart of the particle diameter
distribution.

[0057]

The blend amount of the abrasive grains is preferably from 0.01 to 50 g, more preferably from
0.02 to 30 g, in particutar preferably from 0.05 to 20 g for 100 g of the total amount of all the components
of the polishing slurry for metal films. When the blend amount of the abrasive grains is set to 0.01 g or
more, the polishing rate is made good. 'When the amount is set to 50 g or less, the generation of
scratches is easily restrained.

[0058]

{(Organic solvent)

The polishing slurry of the present invention for metal films preferably contains an organic
solvent since the wettability of the polishing slurry for metal films to a substrate can be improved and a
good polishing rate can be obtained also at the time of using an organic film as an interlayer dielectric.

The organic solvent used in the present invention is not particularly limited, and is preferably a solvent
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Met hacrylic acid/butyl acrylate copolymer *4 (weight-average nol ecul ar

wei ght :13000) - - - - - - - Methacrylic aci(d/bgtyl met hgcryl ate

copol ymer *5 (weight-average nol ecul ar wei ght : 12000)

(wei ght -average nol ecul ar wei ght : 59000) Polyacrylic acid

(wei ght - average nol ecul ar wei ght : 22000) Pol yvi nyl al cohol Abr asi ve

grabs Cql.J, 0 a8 ke RatbAY 1396, PREHpES Sedbramaiaer : 70nm 6 6 6 6 6

carbonates, such as ethylene carbonate, propylene carbonate, dimethyl carbonate, diethyl
carbonate, and methyl ethyl carbonate;

lactones, such as butyrolactone, and propiolactone;

glycols, such as ethylene glycol, propylene glycol, diethylene glycol, dipropylene glycol,
triethylene glycol, and tripropylene glycol;

glycol derivatives, for example, glycol monoethers, such as ethylene glycol monomethyl ether,
propylene glycol monomethy! ether, diethylene glycol monomethyl ether, dipropylene glycol
monomethyl ether, triethylene glycol monomethy! ether, tripropylene glycol monomethyl ether, ethylene
glycol monoethyl ether, propylene glycol monoethyl ether, diethylene glycol monoethyl ether,
dipropylene glycol monoethyl ether, triethylene glycol monoethyl ether, tripropylene glycol monoethyl
ether, ethylene glycol monopropyl ether, propylene glycol monopropyl ether, diethylene glycol
monopropy! ether, dipropylene glycol monopropyl ether, triethylene glycol monopropy! ether,
tripropylene glycol monopropy] ether, ethylene glycol monobuty] ether, propylene glycol monobutyl ether,
diethylene glycol monobutyl ether, dipropylene glycol monobutyl ether, triethylene glycol monobutyl
ether, and tripropylene glycol monobutyl ether;

and

glycol diethers, such as ethylene glycol dimethy! ether, propylene glycol dimethyl ether,
diethylene glycol dimethyl ether, dipropylene glycol dimethyl ether, triethylene glycol dimethy] ether,
tripropylene glycol dimethy] ether, ethylene glycol diethyl ether, propylene glycol diethyl ether,
diethylene glycol diethyl ether, dipropylene glycol diethyl ether, triethylene glycol diethyl ether,
tripropylene glycol diethyl ether, ethylene glycol dipropyl ether, propylene glycol dipropyl ether,
diethylene glycol dipropyl ether, dipropylene glycol dipropyl ether, triethylene glycol dipropy! ether,
tripropylene glycol dipropyl ether, ethylene glycol dibutyl ether, propylene glycol dibutyl ether,
diethylene glycol dibutyl ether, dipropylene glycol dibutyl ether, triethylene glycol dibuty] ether, and
tripropylene glycol dibutyl ether;

ethers, such as tetrahydrofuran, dioxane, dimethoxyethane, polyethylene oxide, ethylene glycol
monomethyl acetate, diethylene glycol monoethyl ether acetate, and propylene glycol monomethyl ether
acetate;

alcohols, such as methanol, ethanol, propanol, n-butanol, n-pentanol, n-hexanol, and
isopropanol;

ketones, such as acetone, and methyl ethyl ketone; and

others, such as pheno, dimethylformamide, n-methylpyrrolidone, ethyl acetate, ethyl lactate,
and sulfolane. The organic solvent is preferably at least one selected from glycol monoethers, alcohols,
and carbonates.
{0059}

The blend amount of the organic solvent is preferably from 0.1 to 95 g, more preferably from
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6 6 Organic solvents Isopropyl alcohol — ------- - - Propylene glycol
nmononet hyl ether - 2 - 2 - 5 - Propylene glycol monopropyl ether 5 - 5 - 8
- 8 Oxidized netal dissolving agent Malie acid 0.5 - 0.5 - 0.5 - 0.5

Mal onic acid - 0.5

0.2 to 50 g, in particular preferably from 0.5 to 10 g for 100 g of the total amount of all the components of
the polishing slurry for metal films. When the blend amount of the organic solvent is set to 0.1 g or
more, the weittability of the polishing slurry for metal films to a substrate becomes good. When the
amount is set 10 95 g or less, the volatilization of the solvent is decreased so that the safety of the
production process is certainly kept with ease.

{0060}

(Oxidized metal dissolving agent)

The polishing slurry of the present invention for metal films preferably contains an oxidized
metal dissolving agent since the dissolution of a wiring metal and a barrier metal oxidized with an
oxidizer is promoted so that the polishing rates thereof can be improved. The oxidized metal dissolving
agent used in the present invention is not particularly limited as far as the agent can cause an oxidized
barrier metal or Wiring metal to be dissolved in water. Examples thereof include organic acids such as
formic acid, acetic acid, propionic acid, butyric acid, valeric acid, 2-methylbutyric acid, n-hexanoic acid,
3,3-dimethylbutyric acid, 2-ethylbutyric acid, 4-methylpentanoic acid, n-heptanoic acid,
2-methylhexanoic acid, n-octanoic acid, 2-ethylbexanoic acid, benzoic acid, glycolic acid, salicylic acid,
glyceric acid, oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, maleic acid,
phthalic acid, malic acid, tartaric acid, citric acid, and p-toluenesuifonic acid; and esters of these organic
acid, and ammonium salts of these organic acids. Other examples thereof include inorganic acids such
as hydrochloric acid, suifuric acid, and nitric acids; and ammonium salts of these inorganic acids, such as
ammonium persulfate, ammonium nitrate, and amumonium chloride, and ammonium chromate. Of these
examples, the oxidized metal dissolving agent is preferably at least one selected from formic acid,
malonic acid, malic acid, tartaric acid, citric acid, salicylic acid, and adipic acid since the etching rate can
be effectively restrained while a practical polishing rate is maintained. These may be used alone or in
the form of a mixture of two or more thereof.

[0061]

The blend amount of the oxidized metal dissolving agent is preferably from 0.001 to 20 g, more
preferably from 0.002 to 10 g, in particular preferably from 0.005 to 5 g for 100 g of the total of all the
components of the polishing slurry for metal films. When the blend amount of the oxidized metal
dissolving agent is set to 0.001 g or more, the polishing rate of 2 wiring metal and a barrier metal is made
good. When the amount is set to 20 g or less, the etching is restrained so that the roughness of the
polished surface is easily decreased.

[0062]

The blend amount of the water may be the balance. The amount is not particularly limited as

far as water is contained.
[0063]
The polishing shurry of the present invention for metal films may contain an oxidizer for metal.

Examples of the oxidizer for metal include hydrogen peroxide, nitric acid, potassium periodate,
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- 0.5 -

_ 0.5 - Oxidizer Hydrogen peroxide 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Anticorrosive agents Benzotriazole 0.1 0.1 0.1 0.10.1210.2 0.1 Tria
0.1 - 0.12- 0.1- Solvent Water 87.8 90.7 87.8 90.7 84.8 87.7 84.8

Patt erned substrate

hypochlorous acid, and ozone water.  Of these examples, hydrogen peroxide is particularly preferred.
These may be used alone, or in the form of a mixture of two or more thereof. When the substrate is a
silicon substrate containing elements for integrated circuits, it is undesired that the substrate is
contaminated with an alkali metal, an alkaline earth metal, a halide, or the like; therefore, the oxidizer is
desirably an oxidizer not containing any nonvolatile component. However, about ozone water, the
composition thereof is intensely changed with the passage of time. Thus, hydrogen peroxide is the most
suitable. However, when the substrate to which the slurry is applied is a glass substrate containing no
serniconductor elements, an oxidizer containing a nonvolatile component is allowable.

[0064]

The blend amount of the oxidizer for metal is preferably from 0.01 to 50 g, more preferably
from 0.02 to 30 g, in particular preferably from 0.05 to 15 g for 100 g of the total amount of all the
components of the polishing slurry for metal films. When the blend amount of the oxidizer for metal is
set to 0.01 g or more, the polishing rate becomes good. When the amount is set to 50 g or less, the
roughness of the polished surface is easily decreased.

{0065]

The polishing shurry of the present invention for metal films may contain an anticorrosive agent
forametal. As the anticorrosive agent for a metal, a material may be selected which can form a
protective film for a wiring metal, such as 2 copper based metal. Specific examples thereof include
2-mercaptobenzothiazole,
triazole type anticorrosive agents, such as 1,2,3-triazole, 1,2,4-triazole, 3-amino-1H-1,2.4-trizole,
benzotriazole, 1-hydroxybenzotriazole, 1-dihydroxypropylbenzotriazole,
2,3-dicarboxypropylbenzotriazole, 4-hydroxybenzotriazole, 4-carboxyl(-1H-)benzotriazole,
4-carboxyl(-1H)-benzotriazole methy! ester, 4-carboxyl(-1H-)benzotriazole butyl ester, 4-
carboxyl(-1H-)benzotriazole octyl ester, 5-hexylbenzotriazole,
[1,2,3-benzotriazolyl-1-methyl}[1,2,4-triazolyl-} -methyl][2-ethylhexyl]amine, tolyltriazole,
naphthotriazole, and bis{(1-benzotriazolyl)methy!Jphosphonic acid. When the wiring metal contains
copper, the use of these triazole type anticorrosive agents is preferred since the agents are very good in
anticorrosive effect.

[0066]

Other examples thereof include pyrimidine, 1,2,4-triazolo[1,5-a]pyrimidine,
1,3,4,6,7,8-hexahydro-2H-pyrimido[1,2-a]pyrimidine, 1,3-diphenyi-pyrimidine-2,4,6-trione,
1,4,5,6-tetrahydropyrimidine, 2,4,5,6-tetraaminopyrimidine sulfate, 2,4,5 -trihydroxypyrimidine,
2,4_6-triaminopyrimidine, 2,4,6-trichloropyrimidine, 2,4,6-trimethoxypyrimidine,
2.4,6-triphenylpyrimidine, 2,4-diamino-6-hydroxypyrimidine, 2,4-diaminopyrimidine,
2-acetoamidepyrimidine, 2-aminopyrimidine, 2-methyl-5,7-diphenyl-(1,2,4)triazolo(1,5-a)pyrimidine,
2-methylsulfanyl-5,7-diphenyl-(1,2,4)triazolo(1,5-a)pyrimidine,
2-methylsulfanyl-5,7-diphemyl-4,7-dihydro-(1,2,4)triazolo(1,5 -a)pyrimidine, and
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Interlayer dielectric polish amount (A) 360 380 400 420 390 370 350

Erosi on anobunt (A) 170 200 140 150 180 190 210 Seam anobunt (A) 130 140 100
120 110 100 150 The nunber of defects 2-5 2-5 2-5 2-5 Less than 2 Less
than 2 Less than 2 Table 2 Exanpl es

4-aminopyrazolo[3,4-d]pyrimidine, which each contain a pyrimidine skeleton. These may be used alone
or in the form of a mixture of two or more thereof.
[0067]

The blend amount of the metal anticorrosive agent is preferably from 0.001 to 10 g, more
preferably from 0.005 to 5 g, in particular preferably from 0.01to2 g for 100 g of the toial amount of all
the components of the polishing slurry for metal films. When the blend amount of the anticorrosive
agent is set to 0.001 g or more, the etching of a wiring metal is restrained so that the roughness of the
polished metal is easily decreased. 'When the amount is set to 10 g or less, the polishing rates of a wiring
metal and a metal for a barrier layer tend to become good.

[0068]

As described above, the polishing sturry of the present invention for metal films is the most
preferably a slurry containing 2 methacrylic acid based polymer, abrasive grains, an oxidized metal
dissolving agent, an anticorrosive agent for a metal, and an oxidizer for metal. When the polishing
slurry contains these components, the effect that the generation of erosion and seams is restrained by the
methacrylic acid based polymer can be produced to the maximum.

[0069]

The polishing slurry of the present invention for metal films may be applied to the formation of
a wiring layer in a semiconductor device. The slurry may be used in, for example, chemical mechanical
polishing (CMP) of a wiring metal layer, a barrier layer and an interlayer dielectric. In the CMP under
the same conditions, the polishing rate ratio of the wiring metal layer/the barrier layer/the interlayer
dielectric is preferably (0.1-2)/(1)/(0.1-2), more preferably (0.5-1.5)/(1)/(0.5-1.5). The polishing rate
ratio may be obtained by comparing the polishing rates of blanket wafers made of the materials of the
respective layers, when the wafers are polished respectively.

{0070]

The interlayer dielectric may be a silicon based coating film, or an organic polymer film.
Examples of the silicon based coating film include silica based coating films, such as silicon dioxide,
fluorosilicate glass, an organosilicate glass obtained from trimethylsilane or dimethoxydimethylsilane as a
starting material, silicon oxynitride, and hydrogenated silsesquioxane; silicon carbide; and silicon nifride.,
The organic polymer film may be a fully aromatic low-dielectric-constant interlayer dielectric. The
organosilicate glass is particularly preferred. These films are each formed by CVD, spray coating, dip
coating or spraying. A specific example of the interlayer dielectric is an interlayer dielectric in a process
for producing an LS), in particular, in a step for forming multi level interconnections.

[0071]

For the wiring metal, an electroconductive material may be used. The electroconductive
material may be a substance made mainly of a metal, such as copper, copper alloy, an oxide of copper, an
oxide of copper alloy, tungsten, tungsten alloy, silver or gold, and is preferably a substance made mainly

of copper, such as copper, copper alloy, an oxide of copper, or an oxide of copper alloy. The wiring
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Materials (part by mass) 8 9 10 11 12 13 14 (weight-average nol ecul ar

wei ght : 8000) Pol ynethacrylic acid Pol ynmet hacrylic acid

(wei ght - aver age nol ecul ar wei ght : 21000) - - - - - - - Methacrylic

acid/acrylic acid copolynmer *1 (weight-average nol ecul ar wei ght: 8900)
- Polymers Methacrylic acid/acrylic acid copol ymer *2 (weight-average

ol ecul aﬁletg.\ﬁﬁ)gmay be §§91%)y forming the above-mentioned substance into a film form by a known
sputtering or plating method.
[0072]

The barrier layer is formed to prevent the diffusion of the electroconductive material into the
interlayer dielectric, and improve the adhesiveness between the intetlayer dielectric and the
electroconductive material. The composition of the barrier layer is preferably selected from tungsten
compounds such as tungsten, tungsten nitride, tungsten alloy, titanium compounds such as titanium,
fitanium nitride, titanium alloy, tantalum compounds such as tantalum, tantalum nitride, tantalum alloy,
ruthenium, and rathenium compounds. The barrier layer may have a monolayered structure made of one
of these substances, or a bilayered structure composed of two or more thereof.

[0073]

The polishing sturry of the present invention for metal films can be preferably used in the case
of polishing a film to be polished which has a wiring-formed area having a wiring density of 50% or more.
The wiring density referred to herein is a value calculated from the width of the interlayer dielectric
regions and that of the wiring metal regions (including the barrier metal) in the area where the wiring is
formed. In a case where their lines and spaces are each, for example, 100 pm in width and 100 pm in
width, respectively, the wiring density of the area is 50%.

[0074]

When the wiring density is 50% or more, the area occupied by the wiring metal regions
becomes large; thus, problems of erosion and seams tend to become remarkable in the area. However,
when the polishing shurry of the present invention for metal films is used to make a polish, these problems
can be decreased. The polishing sturry of the present invention for metal films can be preferably used
also in the case of polishing a film to be polished which has a wiring-formed area having a wiring density
of 80% or more.

[0075]

When a polish is made with a polishing cloth, the machine for the polish may be an ordinary
polishing machine having a holder for holding a substrate to be polished, and a platen or polishing table
to which a motor, the rotation number of which is variable, and others are connected and to which the
polishing cloth is attached. The polishing cloth may be an ordinary nonwoven cloth, a polyurethane
foam, a porous fluorine-contained resin, or the like, and is not particularly limited.

[0076]

Conditions for the polishing are not limited, and the rotational speed of the platen is preferably
as low as 200 rpm or less so as for the substrate not to be spun out.  The pushing pressure of the
semiconductor substrate, which has a surface to be polished, onto the polishing cloth is preferably from 1
to 100 kPa. In order that the evenness of the polishing speed in the surface to be polished and the
flatness of the pattern can be satisfied, the pressure is more preferably from 5 to 50 kPa. When the
surface is polished, the polishing slurry of the present invention for metal films is continuously supplied
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Met hacrylic acid/methyl nethacrylate copolymer *3 (weight-average nol ecul ar
wei ght : 14000) Met hacrylic acid/ butyl acrylate copolyner *4

(wei ght - average nol ecul ar wei ght : 13000) Met hacrylic acid/ butyl

nmet hacryl ate copol ymer *5 (wei ght-average nol ecul ar wei ght : 12000)

(wei ght - aver age nol ecul ar wei ght : 59000) Polyacrylic acid

(wei ght - ayer age Ml &6y s WE1 S or the ROk WMol sBbIG AR limited, and is
preferably an amount permitting the surface of the polishing cloth to be constantly covered with the
polishing shurry.

[0077]

After the polishing, it is preferred that the substrate is sufficiently washed with running water, a
spin drier or the like is then used to clear away water droplets adhering onto the substrate, and
subsequently the substrate is dried.

[0078]}

, In order to conduct chemical mechanical polishing in the state that the surface state of the
polishing cloth is constantly made the same, it is preferred to perform the step of conditioning the
polishing cloth before the polishing. For example, a dresser to which diamond particles are attached is
used to condition the polishing cloth with a liquid containing at least water. Subsequently, the polishing
method of the present invention is performed. A further step of washing the substrate is preferably
conducted.

[0079]

The polishing method of the present invention is characterized by including a first polishing
step of preparing a substrate having an interlayer dielectric having a surface containing concave regions
and convex regions, a barrier layer for covering the interlayer dielectric along the surface thereof, and an
electroconductive material layer (wiring metal layer) filled into the concave regions so as to cover the
barrier layer, and polishing the electroconductive material layer of the substrate, thereby making the
barrier layer over the convex regions exposed, and a second polishing step of using a polishing slurry of
the present invention for metal films to polish the barrier layer, which is made exposed in the first
polishing step, thereby making the interlayer dielectric over the convex regions exposed. The polishing
method of the present invention may be applied to, for example, the formation of a wiring layer in a
semiconductor device.

{0080]

The following will describe an embodiment of the polishing method of the present invention
along the formation of a wiring layer in a semiconductor device.
[0081]

First, an interlayer dielectric made of silicon dioxide or the like is laminated on a substrate of
silicon. Next, concave regions (exposed substrate regions) having a predetermined pattern are formed in
the surface of the interlayer dielectric in a known manner, such as the formation of a resist layer and
etching, so as to cause the interlayer dielectric to have convex regions and the concave regions. A
barrier layer of tantalum or the like is formed by vapor deposition, CVD or the like to cover the interlayer
dielectric along the convexes and the concaves in the surface.

[00821

Furthermore, an electroconductive material layer of copper or the like for covering the barrier
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Abrasive grains Colloidal silica (average particle dianmeter:70nm 6 6 6 6 6
6 6 Organic solvents Isopropyl alcohol - 3 33 3 - - Propylene glycol
nononet hyl et her Propyl ene gl ycol nonopropyl ether

layer is formed by vapor deposition, plating, CVD or the like so as to be filled into the concave regions.
Tt is preferred that the thickness of the interlayer dielectric formed on the substrate, that of the barrier
layer, and that of the electroconductive material layer are from about 0.01 to 2.0 pm, from about 0.01 to
2.5 um, and from about 0.01 to 2.5 pm, respectively. By way of these steps, a substrate having a
structure as illustrated in Fig. 1(a) can be yielded.

[0083]

Next, for example, a polishing slurry, for electroconductive material, which has a sufficiently
large polishing rate ratio of the electroconductive material layer to the barrier layer is used to polish the
electroconductive material layer in the surface of the substrate by CMP (first polishing step). This
manner gives a desired electric conductor pattern wherein the barrier layer in the convex regions on the
substrate is exposed into the surface and the electroconductive material layer is caused to remain in the
concave regions, as illustrated in Fig, 1(b). When this polishing advances, the barrier layer in the
convex regions may be partially polished together with the electroconductive material layer. By use of
the polishing slurry of the present invention for metal films, the patterned surface yielded through the first
polishing step can be polished as a surface to be polished for a second polishing step.

[0084]

In the second polishing step, in the state that the substrate is pushed and pressed onto a
polishing cloth, a polishing platen and the substrate are relatively moved while the polishing shurry of the
present invention for metal films is supplied into the gap between the polishing cloth and the substrate.
In this way, the barrier layer exposed through the first polishing step is polished. ~According to the
polishing sturry of the present invention for metal films, the electroconductive material layer, the barrier
layer and the interlayer dielectric can be polished, and in the second polishing step, at least the exposed
barrier layer and the electroconductive material layer in the concave regions are polished.

[0085]

The polishing is ended at the time of yielding a desired pattern wherein the whole of the
interlayer dielectric beneath the barrier layer in the convex regions is made exposed, the
electroconductive material layer, which is to be a wiring layer, is caused to remain in the concave regions,
and the cross sections of the barrier layer are made exposed at the boundaries between the convex regions
and the concave regions. This state is shown in Fig. 1(c).

[0086]

In order to keep a better flatness certainly at the time of the polishing end, the resultant is
over-polished (when the period until the desired pattern is yielded in the second polishing step is, for
example, 100 seconds, a matter that an additional polishing is conducted for 30 seconds besides the
100-second polishing is referred to as 50% over-polishing). In this way, the surface may be polished
into a depth extending to a part of the interlayer dielectric in the convex regions (not illustrated).

[0087]

On the metal wiring formed as described above are further formed an interlayer dielectric and a
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Oxi di zed netal dissolving agent Malic acid - 0.5 - 0.5 - 0.5 - Mlonic

acid 0.5 - 0.5 - 0.5 - 0.5 Oxidizer Hydrogen peroxide 0.5 0.5 0.5 0.5 0.5
0.5 0.5 Anticorrosive agents Benzotriazole 0.1 0.1 0.1 0.1 0.1 0.10.1
Triazole 0.1 - 0.1 -

second metal wiring layer. An interlayer dielectric is again formed between pieces of the wiring and on
the wiring, and then the surface is polished to make a flat surface over the entire surface of the
semiconductor substrate. By repeating this process predetermined times, a semiconductor device having
a desired number of wiring layers can be produced.

[0088]

The polishing slurry of the present invention for metal films may be used not only to polish a
metal film formed on a semiconductor substrate as described above but also to polish a substrate of a
magnetic head or the like.

Examples
[0089]

The present invention will be described in more detail by way of the following examples;
however, the present invention is not limited to these examples without departing from the technical
conception of the present invention. For example, the kinds of the materials of the polishing slurry and
the blend ratio therebetween may be permissible besides those descried in the examples. The
composition or the structure of an object to be polished may be a composition and a structure other than
those described in the examples.

[0090]

Examples 1 to 14, and Comparative Examples 1 to 6

(Method for preparing polishing slurries)

Some of individual components shown in Tables 1 to 3 were mixed with each other to prepare
cach of polishing slurries, for metal films, of Examples 1 to 14 and Comparative Examples 1 to 6.
[0091]

In each of copolymers *1 to *5 in Tables 1 to 3, the ratio by mole (% by mole) between
monomers therein is as follows:

{0092]

*1: methacrylic acid/acrylic acid = 94/6

*2: methacrylic acid/acrylic acid = 73/27

*3: methacrylic acid/methyl methacrylate = 90/10

*4: methacrylic acid/butyl acrylate = 95/5

*5: methacrylic acid/butyl methacrylate = 95/5

(Polishing of copper patterned substrates)

Copper-wiring attached patterned substrates (854 manufactured by ATDF, CMP pattern: an
interlayer dielectric made of silicon dioxide and having a thickness of 500 nm) were prepared. A
polishing slurry for copper-film-polishing (HS-H635, manufactured by Hitachi Chemical Co., Ltd.) was
used to polish the copper film of each of the substrates in regions other than groove regions therein by a
known CMP method. In this way, substrates each of which is shown in Fig. 1(b) were yielded, wherein

the barrier layer in the convex regions was exposed info the surface to be polished.  The substrates were
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0.1 - 0.1 Solvent Water 87.7 89.8 89.7 89.8 89.7 87.8 90.7 Patterned
substrate Interlayer dielectric polish anount (A) 360 340 360 400 390 380
400 Erosion amount (A) 190 260 240 220 220 250 260 Seam anount (A) 160
150 130 160 180 160 130 The nunber of defects Less than I

used to evaluate polishing characteristics of the polishing slurries of the invention for metal films. The

barrier layer of each of the patterned substrates was a tantalum nitride film having a thickness of 250 A.

[0093]

[Polishing conditions]

Polishing machine: polishing machine for single-side metal film (MIRRA, manufactured by
Applied Materials)

Polishing cloth: sueded polishing cloth made of foamed polyurethane

Platen rotation number: 93 rotations/min

Head rotation number: 87 rotations/min

Polishing pressure: 14 kPa

Polishing slurry supply amount: 200 mL/min

<Step of polishing the substrates™

The patterned substrates were subjected to chemical mechanical polishing with the polishing
shurries for metal films, which were prepared in the above-mentioned method for preparing the polishing
slurries, respectively, under the polishing conditions for 60 seconds. This corresponds to the second
pol.ishing step. In about 30 seconds, their interlayer dielectric in the convex regions was entirely
exposed into the surface to be polished. In the remaining 30 seconds, this exposed interlayer dielectric
was polished in the convex regions.
{0094}

<Step of washing the substrates>

A sponge brush (made of a polyvinyl alcohol based resin) was pushed onto the surface to be
polished of each of the patterned substrates, which were polished in the above-mentioned step of
polishing the substrates. Distilled water was then supplied to the substrate while the substrate and the
sponge were rotated. In this way, the substrate was washed for 60 seconds. Next, the sponge brush
was removed, and then distilled water was supplied to the surface to be polished of the substrate for 60
seconds. Lastly, the substrate was rotated at a high speed, thereby repelling away the distilled water to
dry the substrate. In this way, each patterned subsfrate used for evaluations described below was
yielded.
[0095]

<Evaluation items™>

About each of the patterned substrates yielded in the step of washing the substrates, the
evaluations described in the following items (1) and (2) were made.
[0096}

(1) Erosion amount: about each of the patterned substrates yielded in the step of washing the
substrates, the surface form of its stripe-form patterned area, the total width of which was 2990 um,
where wiring metal regions 90 ym in width and interlayer dielectric regions 10 pm in width were

alternately arranged, was measured with a stylus profilometer, as illustrated in Fig. 2(a). Next, as
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Less 2 than Less 2 than Less 2 than Less 2 than 2 11 Table 3
Conparative Exanples Materials (part by mass) 1 2 3 45 6 (weight-average
nol ecul ar wei ght: 8000) Pol ynet hacrylic acid Pol ynet hacrylic acid

(wei ght - aver age nol ecul ar wei ght : 21000) - - - - - -

illustrated in Fig. 2(b), the difference (B) —(A) between the maximum value (B) of the polish amount
(polish amount) of the interlayer dielectric in the stripe-form patterned area and the polish amount (A) of
the interlayer dielectric regions in the periphery of the stripe-form patterned area, that is, the erosion
amount was obtained. This was used as an index for flatness.

[01971

(2) Seam amount: about each of the patterned substrates yielded in the step of washing the
substrates, the surface form of its stripe-form patterned area, the total width of which was 2900 pm,
where wiring metal regions 100 yum in width and interlayer dielectric regions 100 pm in width were
alternately arranged, were measured with a stylus profilometer, as illustrated in Fig. 3(a). Next, as
iltustrated in Fig. 3(b), the distance (C) from the upper end of the interlayer dielectric in a vicinity 6 of
one of the wiring metal regions to the lower end of an excessively-polished interlayer dielectric region,
that is, the seam amount was obtained. This was used as an index for flatness.

[0098]

The film thickness of the interlayer dielectric regions was measured as follows: a copper-wiring
attached patterned substrate was used to make a polish; about its stripe-form patterned area, the total
width of which was 2900 um, where wiring metal regions 100 um in width and interlayer dielectric
regions 100 pm in width were alternately arranged, the film thickness of the interlayer dielectric was
measured with an optical film thickness meter. The resultant value was used as the polish amount of the
interlayer dielectric.

[0099]

Figs. 2 are each a schematic sectional view of the stripe-form patterned area of the
copper-wiring attached patterned substrate, where the wiring metal regions 90 pm in width and the
interlayer dielectric regions 10 pm in width were alternately arranged. Reference number 1 represents
the interlayer dielectric; 2, the barrier layer; 3, the wiring metal layer; 4, an erosion; 5, a state before the
polishing; A, the polish amount of the interlayer dielectric regions in the periphery of the stripe-form
patterned area; and B, the maximum value of the polish amount of the inferlayer dielectric regions in the
stripe-form patterned area.

[0160]

Figs. 3 are each a schematic sectional view of the area of the copper-wiring attached patterned
substrate, where the wiring metal regions 100 pm in width and the interlayer dielectric regions 100 pm in
width were alternately arranged. Reference number 1 represents the interlayer dielectric: 2, the barrier
layer; 3, the wiring metal layer; 5, a state before the polishing; 6, the wiring metal region vicinity of the
interlayer dielectric; 7, a seam; C, the distance from the upper end of the interlayer dielectric region near
one of the wiring metal regions to the lower end of the excessively-polished interlayer dielectric region.
[0101]

(3) Defects: defects on each of the substrates were examined with a defect inspecting device

(Complus 3T, manufactured by Applied Materials), and then a length-measurement scanning electron
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Met hanylic acid/acrylic acid copolyner *1 (weight-average nol ecul ar

wei ght : 8900) Pol ymers Met hanylic aci ((:I/ ac?yl I ¢ aci g copol yme(rle *2

(wei ght - average nol ecul ar wei ght : 8500) Met hacrylic acid/ nmet hyl

nmet hacryl ate copol ymer *3 (wei ght-average nol ecul ar wei ght : 14000) - - - -
- - NEF hacrylic acid/butyl acrylate copol yner *4 (wei ght-average nol ecul ar
wei ght mi RN gwas ed o FB@&*&@%M{:&% ﬁme@éﬁﬁﬁﬂ&hmmﬁk@mﬁsywmﬁl mihe * 5

(wei ght -average Y ecu wei ght : 12000) P
: ol yacrylic acid
(we. ght - a»bw&g’@sﬁrewém%ﬂ wei ght 59000)
{0101]
Table 1
. Examples
Materials (part by mass})
1 2 3 4 5 6 7
Polymethacrylic acid oilorll —1 — _ . .
(weight-average molecular weight:8000) ) ’
Polymethacrylic acid _l—doiiorl — . .
(weight-average molecular weight : 21000) )
Methacrylic acid/actylic acid copolymer *1 [ I A N A 0.1 o
(weight-average molecular weight:8900) )
Methacrylic acid/acrylic acid copolymer *2 N R RO R — | o1
{weight-average molecular weight : 8500) ’
Polymers Methacrylic acid/methyl methacrylate copolymer *3 | _ ¢ _ | _ | _ o .
ym (weight-average molecular weight : 14000)
Methacrylic acid/buty] acrylate copolymer *4 I I R R . _
(weight-average molecutar weight : 13000)
Methacrylic acid/butyl methacrylate copolymer *5 | | _ | _ | _ . _
(weight-average molecular weight : 12000)
Polyacrylic acid R D R A R _ .
(weight-average molecular weight : 59000)
Polyvinyl alcohol I T R R B . _
(weight-average molecular weight : 22000)
A;Ir:;i:e Colloidal silica (average particle diameter:70nm) | 6 6 6 6 6 6 6
Isopropyl aicohol - = =11 — — —
Organic —
solvents Propylene glycol monomethyl ether 2 2 5
Propylene glycol monopropy! ether 5 e 5 — 8 — 8
Oxidized metal Malic acid 05] — [ 05 — | 05 ] — | 05
dissolving agent Malonic acid —tosi—Jos| — o5 | —
Oxidizer Hydrogen peroxide 65105105505 ] 057 035 | 05
Anticomosive Benzotriazole 16101 (03] 01| 01| 01
agents Triazole —]0l1| —[0Y]| —} 01| —
Solvent Water 87.8|90.7|87.8]90.7| 84.8 | 87.7 | 84.8
Interlayer dielectric polish amount (A) 360 | 380 | 400 | 420 | 350 | 370 | 330
Frosion amount (A) 170 | 200 | 140 | 150 | 180 | 190 } 210
Patterned
substrate Seam amount (A) 130 | 140 § 100 | 120 [ 110 | 100 | 150
- — —c| Less | Less ; Less
The number of defects 2~512~5(2~512~5} 4o o | han2 | than 2
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dlaneter 70nn) 6 6 6 6 6 6 Organic solvents |sopropyl

010.1- -

0.1 0.1

Propyl ene gl ycol

Table 2

Pol yvi nyl al cohol (weight-
Abr asi ve grains Coll oi dal

nononet hyl et her

aver age nol ecul ar wei ght
silica (average particle
al cohol

Propyl ene gl ycol nonopr opyl

Materials (part by mass)

Examples

Polymers

Polymethacrylic acid
(weight-average molecular weight:3000)

Polymethacrylic acid
(weight-average molecular weight : 21000)

Methacrylic acid/acrylic acid copolymer *1
(weight-average molecular weight:8900)

Methacrylic acid/acrylic acid copolymer *2
(weight-average molecular weight : 8500)

Methacrylic acid/methyl methacrylate copolymer *3
(weight-average molecular weight : 14000}

Methacrylic acid/butyl acrylate copolymer *4
(weight-average molecular weight : 13000)

Methacrylic acid/butyl methacrylate copolymer ¥5
(weight-average molecular weight : 12000)

Polyacrylic acid
(weight-average molecular weight : 39000)

Polyvinyl alcohol
(weight-average molecular weight = 22000)

Abrasive
grains

Colloidal silica (average particle diameter:70nm)

QOrganic
solvents

Isopropyl alcohol

Propylene glycol monomethyl ether

Propylene glycol monopropyl] ether

Oxidized metal
dissolving agent

Malic acid

0.5 0.5 05 | —

Malonic acid

0.5 0.5 0.5 0.5

Oxidizer

Hydrogen peroxide

05| 05{05105 |05 ] 05| 05

Anticorrosive
agents

Benzotriazole

gr1jorjo1r|ao1]01] 61} 0l

Triazole

0.1 0.1 0.1 0.1

Solvent

Water

§7.7 | 89.8 | 89.7 | 89.8 | 8%.7 | 87.8 ] 90.7

Patterned
substrate

Interlayer dielectric polish amount (A}

360 | 340 | 360 | 400 | 390 | 380 | 400

Erosion amount (A)

190 { 260 | 240 § 220 | 220 | 250 | 260

Seam amount (A)

160 | 150 | 130 | 160 | 180 | 160 | 130

The number of defects

Less
than 2

Less
than 2

Less
than 2

Less
than 2

Less
than 2

Less

than 2!than 2
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Oxi di zed net al

di ssol ving agent Malic acid 0.5 - 0.5 - 0.5 -
e 0.5 - 0.5 Oidizer Hydrogen peroxide 0.5 0.5 0.5 0.5 0.5 0.5
nticorrosive agents Benzotriazole 0.1 0.1 0.1 0.1 0.1 0.1 Triazole -
Table 3
. Comparative Examples
Materials (part by mass})
1 2 3 4 5 6
Polymethacrylic acid . i _ . - .
{weight-average molecular weight: 8000)
Polymethacrylic acid _ . . . . .
(weight-average molecular weight : 21000)
Methacrylic acid/acrylic acid copolymer *1 . _ . _ . ___
(weight-average molecular weight:8900)
Methacrylic acid/acrylic acid copolymer *2 . _ . _ _ .
(weight-average molecular weight : 8500)
Polymers Methacrylic acid/methyl methacrylate copolymer *3} ___ _ _ . _
e (weight-average molecular weight : 14000)
Methacrylic acid/butyl acrylate copolymer *4 . . . _ .
(weight-average molecular weight : 13000)
Methacrylic acid/butyl methacrylate copolymer *5 | _ _ . . _
(weight-average molecular weight © 12000)
Polyacrylic acid . — |1l o1 . .
(weight-average molecular weight : 59000) ) ’
Polyvinyl alcohol . _ . _ o1 ! o1
(weight-average molecular weight : 22000) ’ )
A;:;;:e Colloidal silica (average particle diameter:70nm) 6 6 6 6 6 6
Isopropyl alcohol — — 3 3 — —
Qrganic
solvents Propylene glycol monomethyi ether 2 5
Propylene glycol monopropyl ether 5 — — — 8 —
Oxidized metal Malic acid 0.5 e 05 —— 0.5 —
dissolving agent Malonic acid —los| — 05| —|os5
Oxidizer Hydrogen peroxide 051051 05)05) 05 ) 05
Anticorrosive Benzotriazole 01 {0101 ] 0101} 01
agents Triazole — P01 | — j 01 — |01
Solvent Water 8791 90.8 | 89.8 | 89.7 | 84.8 | §7.7
Interlayer dielectric polish amount (A) 390 | 400 | 370 | 360 | 390 | 380
Erosion amount (A) 600 | 640 { 400 | 420 | 53¢ | 550
Patterned
substrate Seam amount (A) 350 | 380 | 250 | 270 | 300 | 320
Less | Less | Less | Less { Less | Less
The number of defects than 2 | than 2|than 2 |than 2 |than 2 | than 2
[0102]

0.5

Mal oni ¢ aci d

Tn Tables 1 to 3 are shown the evaluation results of the polishing slurries, for metal films, of

Examples 1 to 14 and Comparative Examples 1to 6 when the slurries were used to conduct polishing.

In Comparative Examples 1 and 2, into which no polymer is incorporated, erosion is largely generated at
a level of 600 to 640 A, and seams are largely generated at a level of 350 to 380 A. Thus, the polished

24

0.1



0.1 - 0.1 Solvent Water 87.9 90.8 89.8 89.7 84.8 87.7 Patterned substrate
Interlayer dielectric polish anount (A) 390 400 370 360 390 380 Erosion
anount (A) 600 640 400 420 530 550 Seam ampunt (A) 350 380 250 270 300 320
The nunber of defects Less than Less 2 than Less 2 than Less 2 than
Less 2 than Less 2 than 2

surfaces are low in flatness. In Comparative Examples 3 to 6, into which a polymer other than
methacrylic acid based polymers is incorporated, the generation of erosion and seams is restrained into a
slighter amount than in Comparative Examples 1 and 2. However, the flatness of the polished surfaces
is low. On the other hand, in Examples 1 to 14, wherein a polishing slurry of the present invention for
metal films is used, erosion and scams are effectively restrained so that the flatness of the polished
surfaces is high. In Examples 5 to 14, wherein a copolymer made from methacrylic acid, and acrylic
acid or an acrylic acid type esters is used, erosion and seams are restrained into the same degree as in
Examples 1 to 4, wherein a homopolymer made from methacrylic acid is used, and further defects are less

generated than therein.
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[0102] In Tables 1 to 3 are shown the evaluation results of the polishing
slurries, for netal filns, of Exanples 1 to 14 and Conparative Exanples 1
to 6 when the slurries were used to conduct polishing. In Conparative
Exanples 1 and 2, into which no polyner is incorporated, erosion is |largely
generated at a level of 600 to 640 A and seans are |largely generated at a
| evel of 350 to 380 A Thus, the pol¢isAie@d surfaces are lowin flatness. In
Conparative Exanples 3 to 6, into which a polynmer other than methacrylic
acid based polyners is incorporated, the generation of erosion and seans is
restrained int a pshshghtlety Rrmettfilhd) amrisingdnpae gieiny,e nEkawrplicesidbaghd 2.
However , idg‘? f|£t ness of the polished surfaces is low. On the other hand,

i n ExanpteSeh8 ¥4 wherein a polishing slurry of the present invention for
metal filnms i 2. uSecholishingsiuop famdabBamsccanding tofdaim | wherejn theaethaspliedrido t hat
the flat é‘a%‘édspﬁgfalee}i%‘%1&8‘&@%&9&&&5& Qﬁ&éogbﬁmtvr&lae frbif o Y MBRYIRSCiB, dh@a 14, Wherein

a copol yner rom met hacrylic aci and_acrylic . acid qr an acrylic acid
type estempelyine mpdefiom mebairdis 2¢if endergremercepobaetizable ity thegrefpapplic ke degr ee
as in Exanpl esy 11hOpcfishindifi:§ i nidtal Qi RELMER ko dIESld of 2,ovhemimtthespecidsiofthaci d i s

used, and further defects are |l ess. generated.than therei - A
pol i shi n@bf§}vﬁﬁ¥a9“5fséFle%?“§F§?°fefiﬁﬁf” Shl’g?rﬁ g A brasive gt %‘Fﬁ? %Qfl&n@%fﬁdacr ylic
aci d basgddapehneret., and water. 2. The polishing slurry for metal filns
according to cJaimn 1, wherein th [ ' I } is at
| east one sel e tgg]e If’drlI(Sf)hr'ﬁl’(”aisli %‘g{%&%@Sgﬁ%gﬁgrgﬁgg@oﬁ%ﬁ%gﬁ%fglqgci d, and a
copol yneconyeigieg fir @gamiveelikatryl i ¢ acid and a nononer copol ynerizable with the
met hacrylic ack d.qn3,0 Ty Rl ffsbEdovdidgs afyRhabs cleidsTBo acaatiedli Ng t 0
claim1l1 or 2, wheref_n t he species of the abrasive graina is at |east one
sel ect edcdmpoiing p1 ¢xidived gealfivselving@g°ita, titania, zirconia, germania, or
modi fi ed produgt st pERed slurdy forkhal iehs asdvirdi; 16 briyrany off ctimsietpd] fufther s
according to any on o{ cl ali nmse 1 to 3, further conprising an organic
sol vent . CHuPriFiig ahBPGRHIORY®t yrry for metal filns according to any one of
claims 1 to 4,7f uht pelishispsiprsi foi mgal ditmoxeadizstd arsema b digs bio; fygheagent . 6.
The polishing. slurry f fi according to any one of clains 1 to 4,
further S%Innpﬁ'r}ngﬁladmgoﬁmgl&? |l;ztzllrral g&aﬁrsnet al. 7. The polishing slurry for netal
films according tiheastishingduref formetslfidmsaceqsdipg to gy 90g 8t claghh o s %’ﬁ
anticorr §§fisléﬁg AeEPMor édﬁémﬁ% SVRR3S be (lishbD @hipIohds SRiaREEBE tEref, 4 Wiingriadd afdal M

c

according to any ‘one of clains 1 to 7, which is a polishing slurry for

pol i shi nfavinga Visng ¢l ohf”h YIS whi ch has, on a surface thereof, a

W ring-fornmed are@phishMhdigetivd\dhbiattgridéisintlydieg 50% or nore 9. A polishing
met hod, characterized.by includi.ng; i | j.shi stERuRbaP sl ng the
el ect r oconduct F?‘?t@%ﬁ%ﬁpoﬁé@%m egecgrﬁ Ozl{hfcg‘?eerhﬁ%&p%}g an 1 nterl é@%r

di el ect r iigerhgaridivipetic bavifsacefco mpritisingepnesyn taipas 38 eTyPISTegipl: TRHFELRYF &5i ons,

a barrier_|a Sk de o SRk LHRMEE ardiag kRGHobdndudivORgertdl RyS Ginddace
t her eof c%egxg{rlllee?%@%%@%dﬁg%gr?\% Srnatt erial_ layer fil %(glél,ir toetaheyconcave

regi ons suwo s consaveaeaians 5978 tarereriterbarrist layer, theprby mging g e VISP Ry er
over the rﬁﬁm%ogeg%jngns exposed, and a second polishing step of exposing
the interlayer dielectric ovef t he convex re i10{}15 Q%ﬂ%%'oﬁv%me”ﬁnstb e barrier
| ayer exposed ifesPpEPofifiingstep of v<EpineddrE ayB‘ydg"\’u‘:’scl §GVTRE port SR Rg sl urry for
netal filgeBshagetaimdgajepednied arie firkt polishingsted by wrirg thep@lishifigeluppy for shfahgmeret hod
according to,claim9, ereip ol he interlayer dielectric is a silicon- based
coating fATRIRGYP 2P 8PHARPE! $S ymer film 11. The polishing method according
to claim9 or 10, Theeslshing bboddcenrtinptosindin 81 Wheesintag igteflaer ‘ﬁ%‘ecﬁﬁ’d%a PRy of

copper. Z.GdEQé;ingjrﬂ’?mn@gaggh% Laggording to any one of claims 9 to 11,

wher ei n the bar ayer- co Ises at |east one sel ﬁ%t ed fromtant alailm

t ant al um conpoundsThepplishing matiod sceerAipe v CaRP SUHY hersip g g co iy PR
conpounds; by Ren WapRpd rut heni um conpounds.

12. The polishing method according to any one of claims 9 to 11, wherein the barrier layer
comprises at least one selected from tantalum, tantalum compounds, titanium, titanium compounds,

tungsten, tungsten compounds, ruthenium, and ruthenium compounds.
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