;e3eZ4(6TZX*$21 N 0 V 2003 CHEM CAL- MECHANI CAL PLANARI ZATI ON OF METALLURGY'
Field of the Invention The present invention relates generally to
rntegrated circuit metallization, and nore particularly to a method of

pl anari zing copper wring. Background of the Invention In the field of
integrated circuit manufacturing, it is well known Qn'&tNh‘é&Uﬂa:ant density
advantages result fromformng planar getal lization patterns (where the
"metal lization patterns” interconnect one or nore transistors, capacitors;
resistors, andC FCAEVESFHANIGA e PEAN ARIZA THONOE VIE FALhBRGY a
wafer). One of the significant trends in the industry is to produce such

pl anar netallization patterns using so-called "chem cal -nmechani cal polish”
(or "chemnmech polish" or "CWP") techniques. In CWP, the frontside of the
wafer is held against a rotating polish wheel, and a chem cal slurry is
introduced that facilitates the Fieldohthednvemtioror nore netal |ayers on the
waf er through a conbination of chem cal reaction and physical abrasion. See
for exanple USP 4,944,836, issued July 31, 1990 to Beyer et al. and
assigned to the assignee of the present invention (a CW nethod of

pl anari zi nrgr metal relative to surrounding passivation, or planarizing

passi vat i orf hedirgsehtiavensiomaelakdsigensrally tonintegetitéd circuitanéthRizGEAE had nidvgy ant ages
af f orded b)ﬁﬁ&l\/P &e}rti cuLa Pensity advant ages result fromformng an

i nt egr at ed PREIHIATlY tg ¢ met ﬁg-ﬂpﬁﬁﬂ&wpﬁfa%mgati on. That is, as shown in
USP 4, 789, 648, issued Decenber 6, 1988 to Chow et al and assigned to the
*300002* 21 N OV 2003 2 assignee of the present invention (hereinafter
the "Chow patent”), integrated netallurgy (that is, a single |ayer of netal
that includes both a vertical portion that extends down to underl aying

| ayers on a wafer to contact hgraundof the Inventie f or ned t her eon, and

hori zontal portions that provide electrical interconnection) can be forned
by depositing and defining apertures through two passivation |ayers that
are pl anar it fieyd GMategrited citeyivmanifagutitg, al is weirknoRe tBAsigfient uct ur e and
pol i shi ng ﬁm%\ glarti ons of the netal that extend above the planarized

passi vat i off9Siy@fgantages requjt,from fermypg plapsn metalizationepatiens! (Wheretthons  of t he
met al | ur gy «gl : L OGO - the Chaw patent maxj m zes
Conduct 1 v, 1 5 ANiGE Sathp Sint for- 8D of o s rdcoapRlond Sh e i o1 <
bet ween t hethepsdmicondutorelettronid ¢anaponents foratesl oafa Whrer) TR dfUROVigHiichist Ur €.
In the pri is well known to utilize alum numalloys or tungsten

r art, it
as the net ﬁF?%rIB)‘?hef Bdustpt 1840 Rradyce suchplanar megalisation pattesns usingise-calledy
char act eri SgHeagcAfmd -1 g Uf f-€ieRt. _as. the m ni num
on-chip di rrer?si %nsmdéglgﬁlggl elgfél gdv{/ BE% n&%}] pg.ﬁselgébr”gwﬂ&c eﬁrg typically
deposi t ed &MBR,tke frafitsidew ithe wafogisdiekhagairst ¥ angingdRINGE iwheolN amd s cRIniRh]
deposi tion 1t echni ﬂ_ugs. Aﬁ [ t.ﬁ.rcon ect di nensions are reduced the aspect
ratio (that 4% pfedpced that fpcifjiaiesihe remayel ofonedrmare metalfayersen ther
openi ngs, {afeiBdol Malg ol AN inereases, lgading to voids
in nmetal s deposi '? e%Hﬁ)F(??Ffzn?%gﬂ éf%‘%é‘?%ﬁ%ﬁ%ﬁ%%ﬁfﬁ%g%fﬂr Slgrbds?ei h, at
smal | er geevample BSPre94d,836, isssedhhdpAE 1990 ¢o Bewee @Pill Mhdeassigned to the
el ectrom gration-jpnduced faults. Thus, a recent developnment in the art has

been the d&OEPEHAEINE Passerigppamtionde SIME method of plansezing astalavlativsiost i vi t y,
hi gh el ect @ i : .S . osjted electroplatin
teghni quesgt hat H%&?ggﬁlgﬁﬁﬁelﬁ%@;el&@%}Zﬁ%&%ﬁﬂ%@%ﬁgﬁﬁﬁmg?ﬁﬁwguse cgpper igs a

soft nmetal wthout a highly protective native oxide, and cannot be easily

patter nEdafsai@H .standard reactive ion etching techniques, it presents
uni que cha 8@@,“’6‘&? g3reral advaptages efferdad by CMP,qrpicular density advantages

result from forming an integrated metallurgy in pre-planarized passivation. That is, as

shown in USP 4,789,648, issued December 6, 1988 to Chow et al and assigned to the
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21 N O V 2003 3 vVarious slurries for CWP of copper (and/or barrier _
materials for copper) have been proposed in the prior art. These techni ques
rnclude the following: 1 ) nitric acid, a polyner, a surfactant, and

sulfuric or sulfonic acid for renoving copper fr pwfﬁzﬁﬁj rcuit boards
I n a non-CMP process (USP 4,632,727, to Nelson a -ﬂo Psi Star);

2) iron-anononi a- EDTA (USP 4,954,142, ;to Patrick, et al. and assigned to
t he assi gnee of the present |nvent|on) 3) water, a soI i d abrasive, and one

of HNO3, kiXpdhee ofittet Mﬁldvhiﬁﬂ)rﬁ(h&%ﬂxa%ﬂt}@n‘ﬁt}ﬂwp 8| infogpaddd 490 to Yu et
and assq#aned to Mcron Technol ogy): 4) an oxidi 2| ng agent and a silica

abr asi ve, metalusgy that 1t s singe lyenefiaetakiant inclydes both 8 yepishl pistiomithgst en,

70 and
i v 51 onaPFEHLB Bl dftEre e LSRR Wt el combe i RieRe: £ anmoni um
per sul f at €4rifad tiéredn, and HofiFontsl fortfdrsahdt provias é‘lHétﬁEénlCthefch)thii%mBEﬁ{ be
Mechani cal_Pol i shing of Copper Utilizing Azole Passivation M Techni cal

Di scl osur éorsmdwertdenosnm and3definipg apﬁﬂure@dhrongmttv@gasswsﬁc)l) tayers@atard i ca or
I a0 cetic, aci.d and dr er oxi de ean Pat ent

oo 12 a0 i SRSk e P OB ek RS

col | oi dal péitio'n@@f the QR thINEh &t Ux@ridia® ovaihd p@ﬁiaﬁﬁé@ﬁﬂsn‘(@ﬁ&f la%ﬂ?PN%rrﬂéliy 551,

i ssued Septenber 5 1995 to Krishnan et

the horizontal and vertical portions of the metallurgy are formed using two layers of
metal; the Chow patent maximizes conductivity by eliminating the interlayer interface
that normally exists between the horizontal and vertical portions of the metallurgy

structure.

In the prior art, it is well known to utilize aluminum alloys or tungsten as the
metallurgy for integrated circuits. However, the conductivity characteristics of these
materials may not be sufficient as the minimum on-chip dimensions decrease below
0.25 um. These metallurgies are typically deposited on the wafer utilizing chemical
vapor deposition and other deposition techniques. As interconnect dimensions are
reduced the aspect ratio (that is, the ratio of height relative to width) of vias, or
openings, formed through interlevel dielectrics increases, leading to voids in metals
deposited utilizing directional techniques. In addition, at smaller geometries metal
lines become more susceptible to electromigration-induced faults. Thus, a recent
development in the art has been the development of copper metallurgies. Copper has
low resistivity, high electromigration resistance, and can be deposited by
electroplating techniques that greatly reduce void formation. However, because
copper i:s a soft metal without a highly protective native oxide, and cannot be easily
patterned using standard reactive ion etching techniques, it presents unique

challenges, particularly in the area of CMP.



z ~ Nov Zoo3 4 8) an oxidizing agent, a surfactant, and deionized water,
with a uniformdispersion of alum na particul ates that have an aggregate
size distribution of |ess than about one m cron and an average di aneter

| ess than approximately 0.4 mcrons (USP 5,527, 4Z8; ne 18, 1996 to
Neville et al and assigned to Cabot Inc.); 9) fe?"‘c’\ﬁ?vregqgé? BTA,

pol yet hyl ene glycol ) and alum na particul ates (" Chem cal - Mechani cal
Pol i shing of Copper In Acidic Media," Buo et al., 1996 CMP-M C Conf erence,

Feb 22-23 Vs shpriesf6bEMP Of cobPir (a6€ opbardiet'MatfiaRad é@;pé@tll@ee béena first
CWP slurry to polish the bul k netal (tungsten or copper), followed by use

of silica PseRaseein the pEor #rt.a Thesederhnigves icludeythe followiingsh” an under | ayer of
Ti/TiN (USP 5,676,587, issued Cct. 14, 1997 to Landers et al. and assigned
to the assignee of the present invention); and 11 ) Silica, glycine, and

BTA (USP §)770, G@Bictaeidapekimenla sirfactant) And S6lfENest sufforieabidor feidving | N
general, the prior art set forth above deals with polishing of copper (in

sone casesopparirasaprinted cirguigbparisin 4 noreGMRprocess §USRE6BR, 127 e Nelsat ud vi a
applicati on§. Howxavegs. 3.n polishing nmetal as shown in the Chow patent,
parti cul ar S AESIEIJRESP R esent ed that must be addressed in the CMVP
process. Summary of the Invention In the invention, copper is renoved by
CVWP in a slurry that conprises an oxidizer, an oxidation inhibitor, and an
additive that appmeanetivna-EBFA GiSPs4,85h A2, te Batpickxdt aly and hisignied tothiedat i on

i nhibitor, r. | ting in a.highr val r f r wi thout appreciable
I nhi'bito ’asmgr?e% otf thegpresen?mve uon)?rm a ate of coppe tho PP

3) water, a solid abrasive, and one of HNO3, H2S04, and AgNO3 (USP
5,225,034 and divisonal 5,534,490 to Yu et al. and assigned to Micron Technology);

4) an oxidizing agent and a silica abrasive, the slurry having a pH between 2
and 4, to polish tungsten, copper, titanium nitride, or tungsten silicide ( USP

5,340,370 and divisional 5,516,346, to Cadien et al. and assigned to Intel);

5) ammonium persulfate/KOH with a pH of 10 (“Alkaline Formulation for
Chemical Mechanical Polishing of Copper Utilizing Azole Passivation”, IBM
Technical Disclosure Bulletin, Vol. 37, No. 10, Oct 1994 Pg. 187));

6) silica or alumina grains, aminoacetic acid, and hydrogen peroxide (European

Patent Application 94119785.7, published 6/28/95, based on JP 313406/93);

7) colloidal silica, sodium chlorite, and deionized water (USP 5,451,551, issued

September 5 1995 to Krishnan et al.),



21 NOV 2003 5 renoval of the underlying netallic and dielectric |ayers or
copper corrosion, and with mnimal |oss.of copper in patterned

i nterconnects. According to a first enbodi nent of the invention there is
provided a CWP slurry for polishing a | ayer of co r\ per all oy
integrated circuit netallization selectively wt h@gsye(?:ya%Mn under | yi ng
tant al um based |iner and underlying di gl ectric layers, conprising: an

i norgani ¢ etchant that pronotes copper oxidation, said etchant selected
fromthe @youp anoiditing@gedt,  sifatant)ahd déion2edwaripPeithng anifbes eof

pot assi um i odat e, manganese oxi de, anmmoni um hydroxi de, anmmoni um persul fate,
pot assi unfiseetsionfof@lumispparticuleiesdhat iavearagaredate sige distributionofilsss than

per sul f at {)su.{lfuri.c aci ﬁ ferric,chl rilde/h drochl.orj id, chropgic acid,
ohr omi ¢ aBPeHtRpRPHEiRan an a¥rrae SBMSIE] G Eh AR ale T apbrona IS “and
stearic asisd7He8)ikduedIahd 18,a996%6 MavilleRt AlthdRisdipRedVBiCBof BRGL S W th copper

to forma passivating |ayer which retards the oxidation of copper; and a
nononeri c organi c additive that appreciably regul ates reaction between
copper ang, said_.oxidationdphibitor. to |limt the formation of said

passi vat i ﬁb I ayé?"‘ﬁfﬁﬁ%ﬁ&g‘&&f’?ﬁ‘@ﬁ’_y?&g5%%6‘1‘15Qﬁiné‘ga BHUCH@Sur f ace of said
copper . A@‘@{eﬂﬁ@ﬂ-mecm&tah%nsﬁr@%#@&'mfAéiBr% MBKERT Bt 51{.‘,91@96! S provi ded
a CW slurry for polishing a [ayer of copper or a copper alloy integrated
ci rcui t nEMIPMILE onfarenne, Febi2BX3 1989%epp. 144i5d);sl urry providing a first
removal rate of said copper or copper alloy and a second renoval rate of
said liner layer, said first renoval rate being at least fifty tines
greater thgp saig seARMGha t l15i-0g; [ | et chant
(that pr om)tj;s copper ox?hc;(Il t oﬁ@tggﬁ e&sgﬁgﬁiglg}é{lg}&%ghf‘[ﬁ%ﬁn&? h%eeq%lr oup

consi st i n@uogstéreordopper)f fobwed byl usosfsilivadsartidudatenin,a odbSMPBluLYes €,
manganese oxi de, ni um hydroxi de, amopnj um persul fate, potassium

per sul f at 8° ‘%t’rﬁ?’o‘m%ﬁnﬂgﬁé Pg] d I‘)fi'éhI ZW§8 PiaTPi87 aissugd Qs s dPYAfo Landers et al.
persul f at g $ M fdhkll §o Bleladsiohl Jf ’ r loric acid, chromc acid,
chrom c aci d?ghS r oc%ﬁ%rﬁgs(’:lg%e%i(g*,tﬁepgﬁtggés?ﬁlﬁ?hﬁﬁlé/@h%g&r}at e/sul furic acid, and
steric acid Fe(lll) salt; an oxidation inhibitor which reacts with copper
to forma_passivat.ing | ayer ich retards the oxidation of copper; and a
NDNONET i clg)r gani {‘%Fbl 'w%ea%cﬁgﬁ%ﬁ%??ﬂa@%ﬁ oatpstkd ek al. rand @ssigheddet ween
copper angogbslcgyi fati on inhibitor to limt the formation of said

passi vating |ayer 'by conpeting for adsorption sites on the surface of said
copper. According to a further enbodi ment of the invention there is

i ded CWVP sl o f i shj i foc ¢ I 1
proviaed . G Aty or ol ablng e et ol Conher o comber Sl oy
conbi nati Q@thof)ar?iemil%ﬂ:lrl{agsz;m’?dnv%ﬁﬁ(ﬁla?B‘Aeﬁﬁl'liﬂe BPQHEQiaOE{&pﬁQBRﬁrS. foRyeand a | ow

renoval rate of sa ayer, conprising: an I norganic acldic étchant
t hat pr onwthes pobshieg metal daistiosm in th@ Chdlv Patedf) @artisalanichalkinged aren i nhi bi t or

which reacts wi copper to forma ivating layer which retards the
{ oki dat i oan?FeI&tS%B'@F “P“ébl?q qﬂ%@pe&n&h?ﬁﬁf’ BY98°S%: nononeric sulfated fatty
al cohol surfactant that appreciably regul ates reaction between copper and
said oxidation inhibitor to limt the formati on of said passivating |ayer

by conpeting for adsorption sites on the surface of said copper.

Summary of the Invention

In the invention, copper is removed by CMP in a slurry that comprises an oxidizer, an
oxidation inhibitor, and an additive that appreciably regulates copper complexing with

the oxidation inhibitor, resulting in a high removal rate of copper without appreciable



Brief Description of the Drawi ng The above and ot her aspects of the present
invention wll becone nore clear upon review of the detail ed description of
the invention as set forth below In the description to follow, reference
will be nmade to the acconpanying Draw ng, in which Fi%g 0SS
sectional view of a substrate with a Ia%er of copper thereon TUndergoing the
CWP process of the invention; and Fi is a schematic perspective view of
the CWP rcmovalfoﬁtheamdpslyimg raatallic Aud pretncarmslayﬁrs pheopper eorrasoon, afib wath|reitiimal

Descri ptl qu,fgg g@rgo%eccc‘@rryl ng out the Invention As shown in
Fig. I)%)‘5ese |cat| on, oxide 10 has narrow Oﬂs)ﬁji Bﬁ 12, and

wi de open| n@@cﬁﬁilﬁ&lﬁ a lﬂ!‘f“i erabadimenteelathe | inyraion thern is peawi Pislusey fart h
liner 2Qof§ng anNRRL o2 Zoppdt &fhecdpﬁil{lemd)piﬂteg’i'ﬁé‘d BREi ﬁﬁ?all?fat&ﬂ%el@&ﬁ@hy }ier

22 (shown |n dashe nes) f ove per . surface of the li'nher 20
are rendePECH9 ﬂ@:ﬁﬁgﬂbﬂ% ¥a§FaH§n damer %wf wgieglm}gr%}ele?me kA eTSn GRIRPTIERS:
resulting i mntlh&ghnlmaétcmpehatsprbfr@t‘e@ éb%ﬁer &dﬁhﬁ@ tdatds cRBfitadelRbed fromr tlﬁoa| S

are to be achiev em c necha rat.e of copper 2
o+ oot sl of ile AR R cdRadt itreoh TRkt RiGeohafERRE onde, °
under | yiangnatitehe c hydroxitie, amdnqnnemenpmnlfﬂé cq»ptaeslumor pesuliite, Clagmidniumone

21 NO because
the fas el?sgﬁ‘%eguﬂ? ﬁhﬁ ggtagﬁﬁﬁh? e?ﬁfa&?su er‘ sfg%lg %%é’i%ﬁg@gogc@go&i paer1 uni t
tinme, afbronte amdv\elnronh@ a@d@wétqchbemagdnnu@ssamn ibichodraatedsnifwic ewdt andTetearic
second geRlFe(f)uR Zi ng the renmoval rate of the liner 20 during the copper
CWP, step provi des for goqd polish stop and | eads to mninmal | oss of
copper in tH#8 %W@HE‘P]EQ‘@K” W#H‘P}bre%ﬁ é"‘@fCOHE?TéP foran g passivating layer whichdetarisas

" di shi nghe' oxdationsofebpyer, aghenmatically in Fig. 1. As to the t hi rd goal
since as a practical matter t ere ne | oss of. bner eC| aII

at corners GfPPPUREHLEINC d tﬁf‘tsaﬁp&ie%%m ﬁ‘?g}’éat?snéeaf;té% ﬁti"veF%tcg '8 atnﬁe
exposed sgidedxadationcinhibjier td dimibthe Sarmiation vl said phdsévating dayerybyn godpetingcfori ¢

i nt rOd“%ﬁ&rﬁtﬁ’&%%@%%ﬁé’%&ﬂcé QIE_sald P(?ﬂye§urface which can lead to difficulties

i n subseque rocess s since copper is highly corrodible, we
need to ens mceondm toamthﬁ@ remwidineend of ¢t mveritianhiberecisprovidgt o €dB shrey for

m ni m zedjishthes qa}fei)'éf' cgﬂfélr 9r ¥fco rrgb@r £ Qﬁ{eggk@ (ch‘ﬁ?terﬁétaﬁ?h% bt qgﬁf?} 14yat,© of

copper, Ww.thout dap rem? e renpval q underlaying |1 ner

di el ect S#g, SNUFPRVHRE I 5F1aeY 3 Bate of s3id GePRSR T cRRpes @)‘l%aﬁ?@@ﬁﬁﬁppbﬂle
For exangkef sdid llhélelaer Sid fiFst rérReWRY Bdte béhg aOleadt Fidtylithés gredted thhd sl s€ddnd
sacrificed |r11€§ er to. prevent excessive [iner renoval. Hi gher renoval
rates of "Lhe" BUPKOHPISI"8ar e achi eved at the expense of excess dishing of
patterns or agcanongshioretciant ltieatqopmetes doppérhexiidatican) tshininetabarg helwotednfréingthel |

the Iin u§0c0h§1s Bf'f% ﬂﬁ{ateoz{nd]‘l fn@é §reoft %tds?m&oftmfrxﬂeSﬁgn%anegcfac%gl um

Al t er nat’l S|nc eot er tantal um-al sud as tantalum ni
wel | as amimumef hydroxidg, mamanenivmd p@lﬁ\dl&t@,or potastivm apeusylate,u c lamaionium

tungst epersGitatefuMipic asd bbtﬁ&'ﬁhﬂ "He?dulﬁﬁys’dfﬁlﬂé tabidd Eerrif cﬁ?orﬁl%ﬁﬁ%&ﬁfo‘i‘i’ceimd ayer

appear s rovi de the bes tion of (a) pronoting, adhesjon ppe
to the (‘J‘Eﬁ EBC Ag\e phrpgic @ ng]rﬁﬂcri’(j‘ IW%%%W@F})IWOE’@E’&%‘# rigcid apd sterigy e
adver se aeldde(li)calt; ef fects on t he underl aying silicon circui try, and (c)
roviding r urin t he
(F:)opper Zg |%§é§d§sllx§“(§u {nogéc‘)vhtl fEré f&?t P t?E?rgk?‘IB%Sp ﬁ%%ﬁ? PcS%f"idﬁe
upper s@hef%éatthfxowrimder 10 to the upper surface of the copper |ayer)
KII)\/aEpClrJgXI TR AbNorRGR Hghhithddtie HAPR el editle feab P TBAWIE! W ¥ng 21

said oxidation inhibitor to limit the formation of said passivating layer by competing for

adsorption sites on the surface of said copper.

According to a further embodiment of the invention there is provided a CMP slurry for
polishing a layer of copper or a copper alloy integrated circuit metallization on a liner layer,
said slurry providing a combination of a high removal rate of said copper or copper alloy and a
low removal rate of said liner layer, comprising:

an inorganic acidic etchant that promotes copper oxidation,



deposition process that adequately fills the trenches in oxide |ayer 10

w thout the formation of voids. The copper layer is then renoved via CVWP to
renove portions of these nmetal |ayers that overlay the upper surface of the
passivation |layer, so as to forma planar surface. | r czqg s shown in
Fig. 2, the workpiece of Fig. 1 is plaggd within a czr?igp% 0 3:1 CWVP t ool

T. Any one of a number of known CMP todl's, including those available from

| PEC Corp. amdxiSations hihgter Ghigh reacssiivithizepperdd form 2 passivating layewpicbgetatdsCvP
operati : T has a rotating polish wheel (or platen) PL on

whi ch i%ﬁ%‘u@?@%%@ﬁréh pad P. The CWP slurry of the invention is applied
onto the pokpldidgadnming; apdnozzle N, and the carrier C brings the wafer into

contact with hRgomelié Sthifad Fatty @chh@lC%hﬁfotaﬁthﬁlaP%bfe%faggr §BEMISted efkction
direction RL conpl enent heel RZ. 1N the operation

ary.to that of the polis .
descr i b@BMWsEN SAPPer e é%zﬁloaﬂ afign ;9311?1@9{ tohenf the Jomaionaf saldgyesivatig layer by
appr oxi gBkpkingHor A0RrptRMClites bRt NefcabMuAlEcopPAM . and the wafer hol der
spins at a speed of approxinmately 20-100 RPM Further, the wafer hol der
applies pressure PR to for BriéfBeseriptién of the Drawidgt he waf er against the
polish pad P. Urethane pads such as the |1 C 1000 from Rodel, foam pads such
als t he Pf;' | Thx dbpomaﬁd)dﬂherf z&;pdcdt@'folﬁethe packehty pesntiohn wall St)ﬁcchﬁel,ﬂ?]@é Mbdrh;p}ohgl
slurry, but t i nvent or,s f.oun t . ngnwoven S, such a ose avail abl e
From £+ s it BFAIRE e QUGS of 1R¢ RN S8 s ¥Ry Jsfcly T, L HRETIRR A7
appl i catfolow, réferdnoe wolb be atadoto thesiceariyshytnel Prawingd)én whhi ed pressure PR i s
appr oxi mat e - r i I e
vari abl es g%ﬁ;ﬁ 1 sRR0I PR PSS PG St B B AEbL Bpreb ] Pt
pad, pr praeass phthernegntipadindand can and do vary as a function of e.g.
the har dnesg;@andistddHkngss pespddi@e Ve br iR CRIPPRLI f#&drrylng dtehshiocEss dtf
the invention,. solids such as alum na particul ates havi hg an aggregate
di anet ef&PVEHOBe| ow approxi mately 0.3 microns are used to enhance the
physi cal 21 N OV 2003 abrasion in the reaction while mnimzing
excessive scDatailéd Destriptiot ofthd Best NivtIor Cdityinlglotit/themvereidnt he
foll ow ng conponents: 1 ) an etchant that pronotes copper oxidation, such
as ferric niAsrshbenaindrigo Mduhe prdsbr Hplicatioyg bride N Oplessondrdy op@iingssi2)hnd

pot assl SR aRaT g BECasMETRE GG, ik GpefiEan FHES R e 8 58 goprer

per sul pBat by thalifivention,dbée gortioas of theahttal lagey 29/ howhlimdashed dinds) folmedratwvaci d,

o . e . ; e .
cteari o TEUSeRAHIRETOMGiRE ) arb UG VI TR Al poihifio i 0P
di ssol ufvsation resdting inghefingl upper swslepe?2Aur f ace, such as vari ous

benzotri aZOMrﬁ%ftﬁi@%%ﬁﬁ@J fAut Bt areht6 bl raakieRe ighBdmi¢ R nfechdnibhl removal
benzotri %zol e - nzotri az enzotrl

b le, 21- . b ole, 5-CH3
bons ot 1 o GfctoPBEnF rf AR Tol Bioval e o5 HECI Tueied, 2 dRvofamow! agte of the
benzot r naderlyéng diakedtrid) 10g andipotvention afeoppaicongsiof. Gleaylonee of sodi um salts
of sulfated fatty al cohols that conpetes with BTA for Cu reaction sites to
sl ow down Cu-BTA filmgrowh, and acts as a wetting agent, as will be
described in nore detail below Before describing the process in detail,
the chem cal reactions to be optimzed will be f generally explored. In the
present invention, CVMP of copper generally involves a steady state process
whereby a few nonol ayers of a Cu-BTA thin filmare formed during the
exposure of copper to one of the oxidizers and inhibitors listed in ( 1 &)
above. (The Cu-BTA filmis on the order of 14 angstrons thick when ferric
nitrate is




used as an oxi di zer and benzotriazole is the inhibitor). This Cu-BTA film
whi ch prevents rapid uncontroll ed dissolution of copper, is then renoved by
physical abrasion (i.e. by the solid particulates in the CW slurry). As :
the first nonolayers are ~ 1 NO~ ~'0~3 9 rennved,Zt jﬂg‘pgpg? copper goes
t hrough t he above-described reaction to formnew Cu-B ers. In
ternms of planarization, this process is inherently faster on higher
portions of the Cu |layer, because the %oiishing pad of the CWP tool inparts
a great er gpilds somaxiatld thetrerhbed) rdte oheie cbpllbérl WtauseRhd fdter Rk pdlgh Physi cal
abrasion portion of the reaction; in the lower portions of the Cu |ayer,-

t here wi | [Prosess issthe proye Wokrs edsrbesiroeessadepes anit Hme; atthe dowerntbe eeatsll sl ower
until such_tinme

0L gl BB R BRGE A S BholiEin e Bl "o

abr asi on/ gheiadr9bidanhg aeSdoppés CUPCRES gﬁ%&?&es%ié odd ol RRstdpAa 1Qds tde

tantalum | ayer 20 on tThe upper surfac passi vati'on 10 are exposed. The
above- des minineal lesg off eoppes in the teptheasild e Thisdossafumetaltis typicatly gbferedadas |1 f t he
Cu- BTA regctjon rate is hi and a thi.ck Cu-BTA | ayer is.formed, the CW

r enoval ragléh‘ﬂgcraa %se@.owpr?ggeﬁ’éatﬁ’é %‘&‘g-al-%ﬁf’@f’ ¢ gopbisings 288t e one runs

the risk %@ac@i@f]lgﬁ%hc{i‘ %hé&é' B&AGHE Qb fhsé Hs i éfésgéaialyr}g.cﬁ%gsféf atré?lEﬁJsC onnect s,

For abrading t an aqueous co usp ion um na (A1203)
i s used. THe onsevaofs tanmnnminiee thalrembualirate ofithielexposed Idigdenttic tlyer K).ze (as, wel |
as a nonwgven pol |§6310? d, as discyssed, bel ow) was found to_ reduce

scr at chi ngX6#SSt'HEo t gHaying dielegiricdptreducgmnonplamarfginthefigalyr ry at | ow
pH (on th - = o i n -renmoval rate
{of- copper %lrlrlg{i%ﬁmglg{l getir} l\%gg%faelf%ﬁlégérgpgis%ﬂéegll[egférg%%sg%%hgﬁﬁh gshr{cgr s found

that an addppdriehighlyporotib®h weanebl kRogHsufeah@many coirasiee dxpatts bbthea mi xture of
sodiumsalts of sulfated fatty alcohols, was essential to enhancing the Cu
slurry per$BPYA REQeessRIp gHmmizgsl | these foyr gorlipf the copipsr AIMP erasess (high W t co

Cor porat i ' L i " Lcas Inc.
i 1o ¢ he 1ol SaCBPbaReRr, ididfnor Ot Rl oEHE b fOMAMIRE LEET, | O o
suspensi onljeledtrit,laad wittmanipprevighié corfosidng canldfitén beincdmpaitide t Borenhance t he

CWP renoval rates of copper. In the present fornulation the slurry is

mai nt ai ne AP EER BTIBMAT FRmAYght g pelkimetaliip pftepysacgifined in grder By
surfactan ] L nt j I i resd n

ani oni c st&/rr‘fzugg?%{r%?s S:l)‘% lg{egg%{gﬁgrg g“? SEJ erégﬁgﬁiﬁsq%glggﬁ%ﬂdl gﬁ:da%f%&%(?

mol ecul ar at th2 expéhse of eXa98ditRingef pitteris@otrosionoethesegpdror exanple in the
aforecited Luo et al. article. The Luo et al. article teaches use of a
noni oni ¢ surfactant, poly (ethylene glycol), having a nol ecul ar wei ght on’
t he order : | i r . r i teric
ropul si on ik tatiohds shih ALY Uk BHeP IO Corplnd chder S RORBEL R, A

( MAE10, 00@pmpaised afitantaluyn. LAherahtivads indlwdelghérnaftilaat allogs suchwitadtalum ng t he
Slurry suspeigsi on. Wen the_present inventors used a_ Duponol -free,

{alluni na/ BRNgeasiwellasathgraefaqipryynetaln andsfigsiopemetabalionsdurinasyageeni on, but
the Cu CWR : : g 8o fing! =1 er

addi ng. DpsEariand bR REkA0, R rOGEN B ks R il

300nnm m nuhebesnwborabinatiorbef@) pidlting adhedidni aficopper 3@ theaxidbiay«r10, (b)

manuf acturing. .The present inventors believe that Dupongl SP conpetes with
BTA for adsoieptingfifdsiopof sapreravhishpyhaygadues elostiical efifgats opythene over al |

t hi ckness [ ' d increase
n Qv r ettt ARRR bR ] A5l e R oddiRe SRR
regul at e tOMP @roddIA Tihe¥opper 22 &alepoyited Dufithe hateri fo abidkhsssat the ri ght
rate to maximze the overall rate of Cu polishing while retarding

cor r osi on.(megsured fpmdheupred senfzce abepisiadayesi) thibe apper sufface of thecepnevel y | ow
nmol ecul ar \wei is.very effective,in reduycing solution surface tension.
When i ncl d%yga)g ?r}tr?’pphogu%tséreq,neéym%el{l}e cgmeéx%y&g?r}.ée THYBAY he copper
surface by the slurry/polish pad system which further enhances the
polishing rate. i._)



Duponol

is described in the Merck I ndex (Eleventh Edition, S. Budavari, Ed.

Publ. Merck & Co. Inc., Rahway, N.J., p. 683 (1989)) as a "Gardinol type
detergent” m xture of sodiumsalts of sulfated fatty al cohols nmade by

reducing the m xed fatty acids of coconut oil or coft 30k and of fish
] Y 2 L NG208,

oils. As such, it has a distribution of hydrocarbo

(C8- C 18)

with the 8-atom carbon chain | ength being the main conponent in the case of
Duponol SP. Pure sodium octyl. sul fate,’ (CH3) (CH2) 70S03Na, (nunbers are
subscri pt sfepugitioraprocest thid ddéaBhiNeMettRAckes in okille Nayel 18 W3RoddtheMP renoval
rate, albejt at higher concentrations than those redquired for Duponol SP.
It is not (—fﬂnﬁaﬁ@ﬁquI’Yéldéure al kyl sul fates are consi derably nore expensive
than their “natural' counterparts and thus of |less practical value in a
manuf act uri ng environnment. Sodium octyl sulfates are characterized by a

rel ativel YFH&ié?Ep&flﬁ}feir ethetenfdved vmb&%b%&r%:&tgfﬁ%&al% s40C in

H20), where

is the concentration at which colloid usters ©

aggl oner atthat overldyathe appersutfacadfake passivetiorekyers s@ag totforrh aplanafhafdvegh CMC
i mplies that a.higher concentyation. of nmopgmers can reach the,
copper/ poﬁpgmcﬁﬁe’%éah‘?‘m ’é‘r‘:&e‘%ci?}l?e‘f"é‘ik@‘ef’ﬁggg'rgséﬂs placed within@ cagierid obh, and

thus can IgNPesol e WhPére dffiehuimbePdfkddATTMY (5B H{&h{d@&gﬁ 0s 4\)3.?1%1%'[ Is the

mononeric formwhich contributes to reduction of I n

acl a ensi on and

i mproved Ve (RS Carthiand SEAdbasglr Caipt antld bs uskebtorcahy @ut fhs réepamip

concentrati on?

the cvc, SRER

us i he present slurry are estimated to be at or bel ow
lPﬁa?g%FFR’Q%&?Pégiham EotaRRa PRLS WheEL@r plasem Pb afovhicbisiod, Based

on the for i L Ape I i ev i Lk 0 ol SP and
Pure Sodr TS, pdIRF pad P THICMP ST YT kA DDA CURIRANE o0 &
wor k t hat padPevi@nozle] arel the bavienClbeings the wefeginto ¢dness withahe pelhpadnat el y

350) and
sul fate and PERsEFed

ave a rel ahi vely high CMC. Sonme exanples include sodi um octyl

GFHTIRR (4 SPasi 1) @ diregtien Rincomplamentary emthaeofthel | onger

chai n der st Whsel RN ﬁn\%\kf%?z{tiog?e nib%ﬁ beRvd @E)B'ria lfg{tﬁe %1@%e%%()?§tt8¥ | and

decyl sul fate. Dupono

Enpi col

iI's a own as 3 e rom Corp. or
L B8B83 kpectirod mppibkimayély 46100 \vddwtiondper indreike (RPIM), and tdhfer on, the

inventors found .that this slurry did not appreciably renmove the underlying
h&i}@ of olanpeori

tantal um |

F-SBIBS 32 PR atefy 2Q=10¢ dfurthgt.dke wafer heldgr der of

300nm m n ol I . r i renmoval rate
Catto on ipgicsmEsARPEEAGRENORRAS bty B T EREMSIE BIERRIE 200
of . 100: 1 tlrethhne patisntlyasthe 6R1000.frdm Rodel; foingpadsisuch fethe PoliRRifForh i ons (3%

sol i ds)

, cog er ,C\VP renpval rate i )
Rodel, and other pad types can also be used with the slurry, but the inventors found

that nonwoven pads such as those available from Freudenberg or Thomas West Inc.
optimize the overall results in this application. In the operation described below, the
applied pressure PR is approximately 3-6 pounds per square inch (PSI). In practice,
these three variables (spin speed of the wafer holder, rotation speed of the polish pad,
pressure) are interrelated, and can and do vary as a function of e.g. the hardness and

thickness of the layer to be polished.

In the slurry of the invention, solids such as alumina particulates having an aggregate

diameter at or below approximately 0.3 microns are used to enhance the physical



21 N O V 2003 12 ratios above 50:1 to the above materials were observed. In
particular, the inventors found that the use of colloidal alum na '
particul ates greatly enhanced renoval rate selectivity of copper to the
tantalumliner. Wiile other particulates (such as coZI-EiJﬂm?phjaga) abr ade
copper and the underlying tantal um based filns non-sél ~vas

di scussed above, the inventors found that the above slurry with al um na
particul ates does not appreciably attacR tantalum The inventors have found
t hat cont rabrdsiorginttheeachiénwiilel minifgzinh ex¢bive BerBtcRIngos otifer kifpREt ant to

maxi m ze copper renoval rate while m_nimzing dishing. Mre specifically,

t he invent hatBe slytmydnelndas the followvipgeomponsntst the slurry increases as

t he polish proceeds, due to the frictional forces inherent in the polish
process as well as the tenperature-activated chem cal conponents of the

above- spechf i ed et dafProfididboppaCiidition] ithiad YERL AitfbayP found that
if the tenperature rises above approxi nmately 100 degrees F, dishing of
patt er ned sAmpoundsibereps shydregentpetanide potassipml ivddie, myangadessoikidens and begi ns
to deformwhile at, the tinme theuf em cal conponent/etchi ng, of the CW

.sane

process it eases. hyldﬁo’ﬂ&eamn_&‘g’,“_“fllﬂegs = PR PErsRiPhpte, smEORIWY ed by
uti |1 zi ng erytate fRfkiedoRObonIA pBlhiphite/sulfldc AdidNNefe 200 Example 1 A
wor kpi ece prepared as above was polish In a colloidal alum na dispersion
havi ng pardilaidedrydeochloricrasidy chimmioficid, Ghroinér auid/hydrotidesc acidapdtadsiven f or
exanpl e, fr.am Capot rporation and other suppliers. This grain size
appears tob‘§F8W§89“{fﬁﬁcgﬁfii t?ﬁ“&'cf@!ﬁ##]e(h@ts\ﬁggn enhanced Cu renoval rates
and low renoval rate in the barrier film while reducing scratching in the
{Tga film The slurry included 18 liters deionized water (0.3%alumna), 1.2
grams/|iteY) BTAanighihitenthat preeents esppecdissdlutidreby @enetingnith tHeloppetponol  SP,

such that t total slurry had a pH of approximately 1.5. The resulting
renoval rat a%§“°§‘p"p§r‘@§<‘9\"%‘?@z9tr@6®len?ﬁf’hﬁ’or\‘é}fi%,s"léHﬂdftrﬁéﬂ Wwadamonie ‘B rati o
was appr ok gl $f VenkBfiatolk 01t bHﬂﬂﬁﬁ!iﬁ)F&%,ngdﬁ?bE@éﬁﬁazoﬁxgﬂllf 2 A wor kpi ece
prepared as above was polished in a coll'oi dal alum na di spersi on havi ng
parti cul atteszeriazdie benzieridaxble) 2 DHL Lmetiyl drenkiesdazobs SdeitenidisidzaAdpve. The
slurry inclyded 18 liters deionized water. In a series of experinments, 1)
The BTA, 8fric nitrate, and Duponol SP concentrations were hel d constant,
and the percent of alumna solids was varied between 0.1% and 3% wth no
appreci able effect on Cu renoval rate or Ta selectivity. Above

appr oxi mat®l y 3%nsdiitive cohsistim efatmixitiryg of sodiamiseliaof subfattddhwpsieohdls bei t by

arelativ | ow anount sed on these results the
Eﬁx&’t competes w1tri!1 BTE%or u reaction sites to slow down Cu-BTA film growth, and

acts as a wetting agent, as will be described in more detail below.

Before describing the process in detail, the chemical reactions to be optimized will be

—
p—

generally explored. In the present invention, CMP of copper generally involves a
steady state process whereby a few monolayers of a Cu-BTA thin film are formed
during the exposure of copper to one of the oxidizers and inhibitors listed in (1&2)
above. (The Cu-BTA film is on the order of 14 angstroms thick when ferric nitrate is
used as an oxidizer and benzotriazole is the inhibitor). This Cu-BTA film, which
prevents rapid uncontrolled dissolution of copper, is then removed by physical

abrasion (i.e. by the solid particulates in the CMP slurry). As the first monolayers are



inventors specul ate that selectivity would still be acceptable up to
approximately 15% solids (0.3%:is preferred to maxim ze selectivity while
m nim zi ng expense, since increased % solids increases qe over cost of
the slurry); 21 N OV 2003 14 2) The percent al um na é)l i NﬂVfﬁ 3c
nitrate, and Duponol SP concentrations were held constant, and the anpunt
of BTA was varied between 0.1 grans/liter and 4 grans/liter. Bel ow
approximately 0.5 grans/liter Cu corrosi & was present; between

appr oxi matrehpved, Sheexposéd édpper tiroggtetie/abbieteschHBed2ealtidn todbgn Hew fairly
uni form and_above approximately 3 grans/liter renoval rate begins to

decr ease; Qy-Bidemgrelayars. In tgrmsef planarizetiom s prongsDs patrenintigHastarone gt [) ations
hel d ¢ t f i i t trati ) i t

> or amer 1 15t pRons BF fhe P b becult bl BofiuinR prbo b s S S imbinst che cu

renoval r aireatel Srofafk dainsexRANMESHer pbitions, FRONBtI g{eﬁgg@ag%)’as%ﬁ{o B | ter

the renoval rate rose linearly; above approxima ramns/ er renoval
rate di d refithe reeetéens én thedowei partionsof the Gudiyet therpavitidetiessiphpiicd sol i ds,

BTA, and f@rri.c ﬂi tr%e co centr&t}j ons were heLd, cons;lant, and t he Duponol
SP concentTP5 Bh S Warseaton ROLceRSs & Pnfilguch Jime agithe pprer swsfaceb 1 enoval

rate decr 6aseslaR? iANRARCARPh&hCE W_gec.téa tsteﬁﬁhl rp?és@ux’é@'ﬁm? Ege%é)‘r{jg}gg%)_ hi gher

Duponol SP concentrations. In ad n to pure-copper,

i nvent i on This eyni¢ oativhsior/dissodytpmypaakivatyen ¢onsihussoudtid theepoptibrissdfealk i n
accordancetﬂ]\‘]g{iEl h fhe eacéhipon ki netics_descri bed above (e. _g. copper with up
to appr oxi @’f‘ﬁ/ag% on,theupper syeface of paseivation 1) aregxposed, The | Ag, Mo, zr,

My, G, AboddldeddBbed bjcld ﬁluoﬂgteﬁti%ir’igﬁ tr%ﬁée?:gﬁjr At ri%l&ﬁ?t%.b e %QB'P%\her

‘modi fications can be nade 't enbodi as set forth above
wi t hout depantionmgtefis bightahe asinick iCu-BMA 1syes pefoahed, hiee OMISRRIovRIRNt | On.  For
exanpl e, i Exarrp}éf 2 the relative concentrations of the main elenments of
the sl urrPoRER%s,Brthe gasepfipveRt slp v yeacting rats pas runsshedskeof; qoarodinge

concent r at : i r prectly rel d to one
anot hor - Sulponle® AR o1 CRRt rhefEhinRel bkl B CRBER TR ent v
changed t hqueanscetoidal suspensivih of aRimiNa QAN2R)QBuska. the usé BEL calR)id) ed

constituents woul.d ch e .porportionately. As a specific exanple, if the
ferric nit3'4rEady qp&mlg‘ﬁ sige(as well pea apmporsn nedishprd agdissessed t er, t he

BTA. conceelghy 94t 5ahd Rl Sehamhd Bewk o SBfhed inbiEnfRACWALALRY T ange

set forth in anple 2.
the slurry at low pH (on the order of 1.2-2.5) is done in order to enhance the removal

rate of copper metal relative the underlying dielectric.

The inventors found that an additive, Duponol SP, a DuPont Company trade name for
0 } a mixture of sodium salts of sulfated fatty alcohols, was essential to enhancing the Cu
slurry performance. Duponol SP is also known as Supralate SP from Witco
Corporation, and Empimin LV33/A from Albright and Wilson Americas Inc. While
the prior art utilizes surfactants to promote CMP slurry collodial suspension, in the
present invention the additive is used to enhance the CMP removal rates of copper. In
the present formulation the slurry is maintained in suspension through mechanical
stirring rather than by surfactant/alumina interactions. The surfactant disclosed here

is an anionic surfactant of a considerably shorter chain length and lower molecular



CLAIMS. 1. A CWP slurry for polishing a |ayer of copper or a copper alloy
integrated circuit nmetallization selectively wwth respect to an underlying
tant al um based |iner and underlying dielectric |layers, conprising: an

i norgani ¢ etchant that pronotes copper oxidation, sagi'IENQ\ﬁgg | ect ed
fromthe group consisting of ferric nitrate and conpounds ,

pot assi um i odat e, manganese oxi de, ammoni.um hydroxi de, amoni um persul fate,
pot assi um persul fate, ammoni um persul f at 8/ sulfuric aci d, potassium

per sul f at eweightthan theaomeased for ekamplelin theckfotegitedEho etrdlcarticled Thefuuowrt ¢ aci d,
chrom c aCild/rgél%r Ocolfnl oric faci dE%[i)ot assi um bic{womat e/ sul fgr i,c acid, and
stearic acHdRrHEE tpgonesuse.of a pomamcisyriagiant, peiiethylengrglyael)s baingawi t h copper
to forma ' | r i At ar | i r.. and a
ronomer | ¢ ‘aOSuMENER: bR R oni MBI HEokBRioRbiBle bl s AR cen
copper andsterid ipolsiodatThemsé ofia vwermdleculamivéightimly(ethyRnt giycel) sai d

passi vati nW)igr bi/ conpeting for adsorption sites on the surface of said
copper. 2.(MWE18,00P} yastoupd by Lag et al. ta bg weffectiyiedn saintaining the shiamyt conpri ses
ferric ni tsru%é?xs'oﬁ' The slurry as recited in claim1, wherein said oxidation
inhibitor 1s sell ected fromthe group consisting of: 1-H benzotriazole, 1-CH
benzotri azol e, 1-CH3 benzotriazole, 5-CH3 benzotriazole, benzi m dazol e,

2-0H, 2-nethyl -benzim dazole, and 5-C benzotriazole. 4. The slurry as
reci ted i nWarathe presephiswventarssisedia Hupanel-fsee, Alviminy/BIA/ feotipnitteslBTA. 5. The

| : . SRS e Siie
o um ol DEEPSe bnGh@L R dopdhbigh bl 5ECE MR b e 65 Tist B 1 i m
5, wher ei misaidu@Ol wiRoaR dfich addiag MpsRoll S, (MR HEEMPES ol NaRedB s X mat el y

(330. 7. The slurry as recited in claimb5, wherein said sodiumsalt does not
form an apiipeeiimplely fpmimimtte,lgeh isdwneficial for efficient semiconductor

manufacturing. The present inventors believe that Duponol SP competes with BTA
for adsorption sites on the copper surface, thus limiting the overall thickness of the
copper-BTA surface layer, leading to the observed increase in CMP removal rates. In
general, the Duponol SP serves to appreciably regulate the Cu-BTA complexing
reaction, such that it occurs at the right rate to maximize the overall rate of Cu
polishing while retarding corrosion. It is also noted that Duponol SP, because of its
relatively low molecular weight, is very effective in reducing solution surface tension.
When included in the copper slurry it enhances the wetting of the copper surface by
the slurry/polish pad system which further enhances the polishing rate.

Duponol is described in the Merck Index (Eleventh Edition, S. Budavari, Ed. Publ.
Merck & Co. Inc., Rahway, N.J., p. 683 (1989)) as a “Gardinol type detergent”
mixture of sodium salts of sulfated fatty alcohols made by reducing the mixed fatty
acids of coconut oil or cottonseed oil and of fish oils. As such, it has a distribution of
hydrocarbon chain length (C8-C18) with the 8-atom carbon chain length being the
main component in the case of Duponol SP. Pure sodium octyl sulfate, |

(CH3)(CH2)70S03Na, (numbers are subscripts) was also found to enhance the Cu




8. The slurry as recited in claim®6, wherein said sodiumsalt of a sulfated
fatty al cohol is selected fromthe group consisting of sodiumoctyl sulfate
and | onger chain derivatives, sodiumoctyl sulfonate and | onger chain

derivatives. 9. The slurry as recited in claim1, g\A’eNy\gdm% additive
conprises a mxture of sodiumsalts of sulfated fatty : 21 N OV
2003 17 10. The slurry as recited in claim11, further conprising coll oidal
alumina. 11. The slurry as recited in clAlm 10, wherein said coll oi dal

al um na h@MVPaérhowl ka%é,%bdﬂt?dtih'i?xeﬁc&icéﬁtrétﬁﬁﬁ_tﬁdiﬁﬂp@ﬂ’@ﬁlﬂi@d%i Bljforfdl 3 M crons.
12. The slurry as recited in claiml1l, wherein said slurry has a pH of

appr oxi natS&} yIt is noted that the pupe abiort syl faties grefapnsiderablyimerg eapénsivgrthast theispper or

a copper alloy.,intearated ci.rcui.t netal.li.zation on a.liner |layer, said

21 trry pr oA FOURERLE Spd S i lesCplaRlrar St i o Frelensh g pBromeRy and a
second r eIgaydRim bétyesufthtes ichat e Ririzb@ VP h relafivdy highriticaiMRi¢elle r at e bei ng at
|l east fifty times greater than said second renoval rate, conprising: an

i nor gani c cencsintration ((ZVICoi dmb-d Mad AP in BRO)awhere CMGiisithe coneentraed atct ed
fromthe gr,0 nsisting,.of ferric nitrate and conpounds thereof,

pot assi um lﬁﬁg?‘ﬁ?’@%maaﬁ%éég%‘ﬁmwe% faﬂﬁ{"ﬁi}‘ﬁl“’%ﬁ @@Fﬂmtﬂ Bersul f at e,
pot assi ummpen ; W ; i i sium

per sul f at g?lglﬁﬂué?fgegnc@ , é?ﬁ%ﬁgE%%ﬁ%@%%ﬁ%é%ﬁ%‘?%&arg?ﬂ{ﬁghr om ¢ acid,
chrom ¢ acobppdnipdlishihg pad intexfacel befpod the Dnsenolfintbel lenfatmdtion, find thos eai d, and
steric acid Fe(lll alt; an_oxidation inhibjtor which reacts w th copper
to form a PR @&?‘?ﬁﬁ@e Yy AR&P@W"F%‘["% d’gsq’ﬁ@"%%ilgg\ei%woﬁer&fﬁﬁﬁr; and a
nononer i ¢ i i . of| LeRGid QRidiet ween
-copper anJ@gai d %&%%*ﬁ@%@?gf?gwfcgdl??{r%y%ﬂfﬂgh@gﬁngt| on éé? rp%% d

passi vat i iGMCaysactbyt is desiablen  heduppdslocopcentrat®ng esedan thidy@esent §flage of sai d
copper. 14. The slurry as cited in claimi13, wherein said etchant

conpri ses f&§stimatsd tf’rbﬁtaéf’ré 9WT%CMQHSP§‘ g]@t ppapRreciatle apoynt A micellgser ei n
sai d oxi datd o H]gfl tor is selected fromthe group consisting of 1-H
benzotri azo% e, f& "benzotriazole, 1-CH3 benzotriazole, 5-CH3

benzotri azol e, benzi m dazole, 2-OH 2-nethyl -benzim dazole, and 5-C

benzotriazole, 16. The slurry as recited in_claim 13, wherein said
oxi dat i on Haﬁ?ﬂ%‘?{iﬁrfo@gﬂjﬁgi tgggnvigm_rs believe that in addition to Duponol SP and pure

sodium octyl sulfate, other fatty alcohol sulfate surfactants would work that have a
relatively low molecular weight (less than approximately 350) and have a relatively
high CMC. Some examples include sodium octyl sulfate and longer chain
derivatives, sodium octyl sulfonate and longer chain derivatives, and Duponol WN
which is a mixture of sodium octyl and decyl sulfate. Duponol WN is also known as
o Supralate WN from Witco Corp. or Empicol LB33/A from Albright and Wilson

Americas, Inc.

In addition, the inventors found that this slurry did not appreciably remove the
underlying tantalum layer 20 or the oxide 10. At Cu removal rates on the order of
300nm/minute, the above-described slurry also resulted in a removal rate ratio on the
order of 100:1 to the underlying liner, and ratios in excess of 100:1 to the underlying

oxide. Even at high alumina concentrations (3% solids) , copper CMP removal rate




17. The slurry as recited in claim13, wherein said additive is conprised
of a sodiumsalt of a sulfated fatty alcohol. 18. The slurry as recited in
claim 17, wherein said sodiumsalt has a nol ecul ar weight |ess than
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25, wherein said acidic etchant conprises at |east approximately 2 grans
per |itre emplgring sgagtien; The inventors have found that if the temperature rises above

approximately 100 degrees F, dishing of patterned wide lines results, because the
polishing pad softens and begins to deform while at the same time the chemical
component/etching of the CMP process increases. In practice, this temperature

control is achieved by utilizing a water-cooled polishing platen.
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Duponol SP, such that the total slurry had a pH of approximately 1.5. The resulting
removal rate was approximately 300 nm/minute, and the removal rate ratio was

approximately 100:1 to the underlaying Ta layer.

Example 2

A workpiece prepared as above was polished in a colloidal alumina dispersion having
particulates on the order of 0.3 microns or less, as described above. The slurry

included 18 liters deionized water. In a series of experiments,

1) The BTA, ferric nitrate, and Duponol SP concentrations were held constant, and the
percent of alumina solids was varied between 0.1% and 3%, with no appreciable effect
on Cu removal rate or Ta selectivity. Above approximately 3% solids the selectivity
to Ta began to decrease, albeit by a relatively low amount. Based on these results the
inventors speculate that selectivity would still be acceptable up to approximately 15%
solids (0.3% is preferred to maximize selectivity while minimizing expense, since

increased % solids increases the overall cost of the slurry),
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10\\ approximately 0.5 grams/liter and 3 grams/liter the Cu CMP rate was fairly uniform;

and above approximately 3 grams/liter removal rate begins to decrease;

3) The percent alumina solids, BTA, and Duponol SP concentrations were held
constant, and the ferric nitrate concentration was varied between 2 grams/liter and 40
grams/liter. Below approximately 2 grams/liter the Cu removal rate dropped off
exponentially; above approximately 2 grams/liter the removal rate rose linearly, above

approximately 25 grams/liter removal rate did not increase significantly; and

4) The percent alumina solids, BTA, and ferric nitrate concentrations were held
constant, and the Duponol SP concentration was varied. Below approximately 3
ml/liter Cu CMP removal rate decreased; no appreciable change in etch rate was

observed at higher Duponol SP concentrations.

In addition to pure copper, the present invention is applicable to copper alloys that
would be polished in accordance with the reaction kinetics described above (e.g.
copper with up to approximately 5% of various metals such as Al, Sn, In, Ti, Ag, Mo,

o Zr,Mg, Cr, Au, and Pb).

It is to be understood that the above and other modifications can be made to the
preferred embodiment as set forth above without departing from the spirit and scope
of the present invention. For example, in Example 2 the relative concentrations of the
main elements of the slurry were varied individually. The inventors note that the
concentrations of some of the constituents are directly related to one another, such that

if the percentage concentration of one constituent was changed the concentrations of
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the other related constituents would change porportionately. As a specific example, if
the ferric nitrate concentration were to be dropped below 2 grams/liter, the BTA
concentration could drop below the low end of the concentration range set forth in

Example 2.
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1. A CMP slurry for polishing a layer of copper or a copper alloy integrated
circuit metallization selectively with respect to an underlying tantalum-based liner and
underlying dielectric layers, comprising:

an inorganic etchant that promotes copper oxidation, said etchant selected from the
group consisting of ferric nitrate and compounds thereof, potassium iodate, manganese
oxide, ammonium hydroxide, ammonium persulfate, potassium persulfate, ammonium
persulfate/sulfuric acid, potassium persulfate/sulfuric acid, ferric chloride/hydrochloric
acid, chromic acid, chromic acid/hydrochloric acid, potassium bichromate/sulfuric acid,
and stearic acid Fe(III) salt;

an oxidation inhibitor which reacts with copper to form a passivating layer which
retards the oxidation of copper; and

a monomeric organic additive that appreciably regulates reaction between copper
and said oxidation inhibitor to limit the formation of said passivating layer by competing
for adsorption sites on the surface of said copper.

2. The slurry as recited in claim 1, wherein said etchant comprises ferric nitrate.

3.  The slurry as recited in claim 1, wherein said oxidation inhibitor is selected
from the group consisting of:

1-H benzotriazole,

1-OH benzotriazole,

1-CHj; benzotriazole,

5-CHj3 benzotriazole,

benzimidazole,

2-OH, 2-methyl-benzimidazole,

and 5-Cl benzotriazole.

4.  The slurry as recited in claim 1, wherein said oxidation inhibitor comprises
BTA.

5.  The slurry as recited in claim 1, wherein said additive is comprised of a
sodium salt of a sulfated fatty alcohol.

6.  The slurry as recited in claim 5, wherein said sodium salt has a molecular
weight less than approximately 350.

7.  The slurry as recited in claim 5, wherein said sodium salt does not form an
appreciable amount of micelles.

8.  The slurry as recited in claim 6, wherein said sodium salt of a sulfated fatty
alcohol is selected from the group consisting of sodium octyl sulfate and longer chain
derivatives, sodium octyl sulfonate and longer chain derivatives.

9.  The slurry as recited in claim 1, wherein said additive comprises a mixture of

sodium salts of sulfated fatty alcohols.
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particulates having a size less than approx1mate y 0.3 microns.

12. The slurry as recited in claim 1, wherein said slurry has a pH of
approximately 1.2-2.5.

13. A CMP slurry for polishing a layer of copper or a copper alloy integrated
circuit metallization on a liner layer, said slurry providing a first removal rate of said
copper or copper alloy and a second removal rate of said liner layer, said first removal
rate being at least fifty times greater than said second removal rate, comprising:

an inorganic etchant that promotes copper oxidation, said etchant selected from the
group consisting of ferric nitrate and compounds thereof, potassium iodate, manganese
oxide, ammonium hydroxide, ammonium persulfate, potassium persulfate, ammonium
persulfate/sulfuric acid, potassium persulfate/sulfuric acid, ferric chloride/hydrochloric
acid, chromic acid, chromic acid/hydrochloric acid, potassium bichromate/sulfuric acid,
and steric acid Fe(III) salt;

an oxidation inhibitor which reacts with copper to form a passivating layer which
retards the oxidation of copper; and

a monomeric organic additive that appreciably regulates reaction between copper
and said oxidation inhibitor to limit the formation of said passivating layer by competing
for adsorption sites on the surface of said copper.

14. The slurry as recited in claim 13, wherein said etchant comprises ferric
nitrate.

15. The slurry as recited in claim 13, wherein said oxidation inhibitor is selected
from the group consisting of

1-H benzotriazole,

1-OH benzotriazole,

1-CH; benzotriazole,

5-CHj; benzotriazole,

benzimidazole,

2-OH, 2-methyl —benzimidazole,

and 5-Cl benzotriazole.

16. The slurry as recited in claim 13, wherein said oxidation inhibitor comprises
BTA.

17. The slurry as recited in claim 13, wherein said additive is comprised of a
sodium salt of a sulfated fatty alcohol.

18. The slurry as recited in claim 17, wherein said sodium salt has a molecular

weight less than approximately 350.
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The slurry as recited in claim 13, further comprising colloidal alumina.

23. The slurry as recited in claim 22, wherein said colloidal alumina has
particulates having a size less than approximately 0.3 microns.

24. The slurry as recited in claim 13, wherein said slurry has a pH of
approximately 1.2-2.5.

25. A CMP slurry for polishing a layer of copper or a copper alloy integrated
circuit metallization on a liner layer, said slurry providing a combination of a high
removal rate of said copper or copper alloy and a low removal rate of said liner layer,
comprising:

an inorganic acidic etchant that promotes copper oxidation,

an oxidation inhibitor which reacts with copper to form a passivating layer which
retards the oxidation of copper,

colloidal alumina, and

a monomeric sulfated fatty alcohol surfactant that appreciably regulates reaction
between copper and said oxidation inhibitor to limit the formation of said passivating
layer by competing for adsorption sites on the surface of said copper.

26. The CMP slurry as recited in claim 25, wherein said colloidal alumina
comprises at least approximately 0.3-3% of said slurry.

27. The CMP slurry as recited in claim 25, wherein said acidic etchant comprises
at least approximately 2 grams per litre of said slurry.

28. The CMP slurry as recited in claim 25, wherein said surfactant comprises at

least approximately 3ml per litre of said slurry.




