MVETE QND-SLURRY COVPCSI TI ON FOR CHEM CAL- MECHANI CAL PQL
PLANARI ZI NG OF COPPER CONTAI NI NG CONDUCTOR LAYERS

BACKGROUND OF THE | NVENTI ON 1. Field of the Invention
present invention relates generally to Chemi cal- Mechanical Polish (CW)
pl anari zing of layers within integrated circuits. Mre particularly,
present invention relates to nethods and slurry conpositions for

Chem cal - Mechani cal Polish (CWP) planarizing of copper netal and copper
metal alloy conductor layers within integrated circuits. 2.
Description of the Related Art As dinensions of integrated
circuit devices within advanced integrated circuits have continued to

decr ease,

el ements which

In

so al so have the dinensions of conductor and interconnection
connect and interconnect those integrated circuit_devices.

METHOD AND SLURRY COMPOSITION FOR CHEMICAL-MECHANICAL POLISH .

(CMP) PLANARIZING OF COPPER CONTAINING CONDUCTOR LAYERS
BACKGROUND OF THE INVENTION
1. Field of the Inventioﬂ*

The present inventipn relates generally to Chemical-
Mechanical Polish (CMP) planarizing of layers within integra?ed
circuits. More particularly, the present invention relates to
methods and slurry compositions for Chemical-Mechanical Polish
(CMP) planarizing of copper metal and copper metal alloy conductor

layers within integrated circuits.
2. Description of the Related Art

As -dimensions of integrated circuit devices within
advanced integrated circuits have continued to decrease, so also
have the dimensions of conductor and interconngction elements which
connect and interconnect those integrated circuit devices. 1In
particular, dimensiqns of cbnductor and interconnection elements
which directly contact integrated circuit devices have typically
decreased the greatest, thus becoming the smallest in dimension of
conductor and interconnection elements within advanced integrated

circuits.
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partgcul gr, di nmensions of conductor and interconnection elenents which
directly contact integrated circuit devices have typically decreased the
greatest, thus becom ng the smallest in dinmension of conductor and

i nterconnection elements within advanced integrated circuits.

- 2- These nost narrow conductor and interconnection elenments
typically conprise the first conductor or interconnection |evel which
contacts an integrated circuit device~ Bbst conmmonly, first conductor

| evel s have been traditionally fornmed from al umi num nmetal or al um num
netal alloys. Most commonly, first interconnection |evels (ie: first

ducti t t f t . As int t ed
ciroutt device di mendiesd R, MEERRY RnduRE) 5 tnterseasesr ot Mg
or 1 ”Cr.eas'%i%'l%d%okw-ghsae&ﬁ?r FRRCE QbnabllEeds %Pdiﬁhéf%ﬁ@ecé.{o Pavel
becone increasingly inportant for conductor and I ntérconnection el ements
W thin intdgioa edneateslidp inReg¥AtPatcordtidhabeyé . OfudsANdeainbrilyy Fddte

simul taneously showing limted susceptibility to degradative phenonenon
such as el kandwetgralewsils haFecndemtirgditiomally fhemed from aluminum metal
or aluminum metal alloys. Most commonly, first interconnection
levels (ie: first conductive contact studs) are formed of tungsten.
As integrated circuit device dimensions have decreased

while simultaneously maintaining or increasing demands for
performance of integrated circuits, it has become increasingly
important for conductor and interconnection elements within
integrated circuits to exhib;t a high level of conductivity while
simultaneously. showing limited susceptibility to degradative
phenomenon such as electromigration. Electromigration is the
physical movement of portions of conductor and interconnect
elements which occufs under conditions of high current deasity.
Under extremely high current densities, electromigration may yield
the complete'ﬁovement of a portion of a conductor or interconnect
element, resulting in an electrical open. Electromigration is most
common in aluminum metal and aluminum metal alloy conductor and
interconnect elements. Although electromigration is not ﬁypically
observed in interconnects formed of tungsten, the conductivity of
tungsten interconnects is typically substantially lower than the
conductivity of aluminum metal or aluminum metal alloy

interconnects.



physi cal ,novenent of portions of conductor and interconnect elenents which
occurs under conditions of hi gh current density. Under extrenely high
current densities, electromgration nay yield the conplete novenent of a
portion of a conductor or interconnect el ement, resulting in an electrical
open. Electromgration is nost common in alum num netal and al um num net al
all oy conductor and interconnect elenents. Although electromgration is
not typically observed in interconnectssfaormed of tungsten, the
conductivity of tungsten interconnects is typically substantially | ower
than the conductivity of alumnum netal or alumnum netal alloy

I nt erconnects. - 3- In

order to sinultaneousky Ryderded hsiﬂ@ﬂa{rr&umgh prohade | OFd @eBEHEd | b

and |l ow el ectromigration susceptibility of conductor and I nterconnection

el ement s wi telertadealceshdudtagiidiyednd Qiow dléStrinigjratian Easeaptibingey of
proposed for use within advanced integrated circuits conductor elenents

and i nt er corfirRductorcradeinserdannect ioh ebgpantsiwiithinr advapeesd nigtteigrated
al l oys. Wile copper netal and cop '

metal alloys possess the high
el ectrical COFRYdESyi Egerehns SﬁFEFEEY rtt?rﬂ”gpﬁ?i’%ﬂe% LétfeHFPbY’ﬁl!’yﬂ G%Q’PPﬁﬁd

for CondUCt_Ofntegrated circuits conductor elements and interconnection elements

formed of copper metal or copper metal alloys. While copper metal
and copper metal alloys ﬁgssess the high electrical conductivity
and low electromigration. .'susce'ptibility desired for conductor
elements and interconnection elements within advanced integrated
circuits, methods through which copper metal and copper metal
alloys may be formed into conductor and interconnect elements
within advanced integrated circuits are unfortunately neither
entirely well developed nor entirely well understood. In
particular, methods through which copper metal and copper metal
alloys may be planarized through a Chemical-Mechanical Polish (CMP)
pPlanarizing method ha:ve received little development. It is thus in
general towards the goal of forming within advanced integrated
circuits conductor elements and interconnect elements formed of
copper metal and copper metal alloys thi:'ough a Chemical-Mechanical
Polish (CMP) planarizing method that the present invention is

directed.

Although methods for Chemical-Mechanical Polish (CMP)
Planarizing of blanket layers of copper metal and copper metal

alloys within advanced integrated circuits may be neither well



el egents,and interconnection el ements within advanced integrated circuits,
nmet hods t hrough whi ch copper netal and copper netal alloys nmay be forned

i nto conductor and interconnect elenents wthin advanced integrated
circuits are unfortunately neither entirely well developed nor
entirely well understood. In particular, nethods through which copper
netal and copper netal alloys may be pl anarized through a

Chem cal - Mechani cal Polish (CWP) planarizing nmethod have received little
development. It is thus in general towards the goal of formng within

advanced | nideyielopdd Az W1 ouABAKIGRA &éxﬁ?gylis afg”&%.ﬂt«g&%%&e%mﬂé@éa{‘é >

formed of copper netal copper netal a rou

Cheni cal - Me@bsentalfrofoltheh 4X4\P) pbANakamoley ™Al hed Ghat the PrESeitent
i nvention is directed.. Al t hough net hods for

Chemi cal - Mech235c QB4 PALachofeC\) aqieuuar iabragive bllapket cbaysisimf sORR
netal and coapcn%r netal alloys within advanced integrated circuits may be
nei t her wel [3€+4» sulfuric acid or silver nitrate for4-usele\in ofzemizal-

wel | underst,g%g ReLt h re sych_ pethods coppletely absent fromthe art.

For exanpl e, uaé‘t"sﬁi:%?ﬁ’l?}: s&%ﬂﬁﬁrﬂq“’éfﬁ 93,4 RAeslomigantiviestRpper -

abrasive sl WontaifPhg dield ThletE within advanced integrated circuits. Also
disclosed by Yu et al. are _éddiﬁional oxidants which may be

. o
incorporated into the aqueous abrasive slurry.

In addition, Sandhiu et al., in U.S. Patent 5,318,927
disclose various slurries and bolisning methods for removing
insulating inorganic metal oxides such as perovskites from
semiconductor substrates. The disclosed slﬁrries are alternatively
formed of: (1) aqueous acidic or basic compositions; (2) aqueous
oxidant compositions; (3) non-aquequs liquid halogenated .or
Pseudohalogenated co;lpositions; or (4) organic ligand precursor

compositions.

Although specifically related directly to neither
Chemical-Mechanical Polish (CMP) planarizing-methods nor to copper
metal layers within integrated circuits, there is also disclosed in
the art by Rabinzohn in U.S. Patent 5,378,309 a novel method for l

controlling the slopes of etched layers within integrated circuits.

Finally, there is disclosed by Hui-Qing et al., in



acid, sulfuric acid or silver nitrate for use in Chemcal- Mechanical

Pol sh (CNP) pl anarizing of predom nantly copper containing netal |ayers
wi t hin advanced integrated circuits. Also disclosed by Yu et al. are
addi ti onal oxidants which may be incorporated into the aqueous abrasive
slurry. In addition, Sandhu et al., in U S. Patent 5,318,927
di scl ose various slurries and polishing pef hods for renoving insulating
i norganic net aI ~oxides such as perovskites from sem conductor

substrates.nd GLQf ‘?ﬂiﬁhﬂi&{x%? grﬁzr%thgiglﬂfélﬂd/e-é %%Bdré’éra&fl)onde

agueous aci d aSI C CO eous OXI

(3) non- aquemﬁule cruwoaaéemjmt ¥¢ilhce PRESEIILH CoRG2LEY smossidmareor

(4) organic I|gand precursor " comnpositions.

specifical Ipp+ @12867 &irapdid gisdsohetiiidmeof d&gpercmétt/bcimi‘emakt?ahem miCHP)
planarizing methods nor to copper netal tayers within integrated circuits,
there i s alSPHGOnssda anmixtureof Q}‘Rabﬁlﬂztﬁﬁ’riﬁﬁ?x@ds (Pﬁg‘éhta@ FAFPID9 a

novel method for . _conttol g the sl op etch e ers, Within nte rated
Cirouits, " etflenioFlae’ lodh)\ ' FheP Feathifal oty Al dat, by 2y CHeR

incorporated herein fully by reference.

Desirable in the, art are additional Chemical-Mechanical
Polish (CMP) planarizing metgods and additional Chemical—Mechanical_
Polish (CMP) slurry compositions through which conductor and
interconnect elements of copp;r metal or copper metal alloys may be
formed within advanced integrated circuits. Particularly desirable
are addition;l Chemical-Mechanical Polish (CMP) planarizing methods

and additional Chemical-Mechanical Polish (CMP) slurry compositions

which do not employ corrosive acids or bases.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a
Chemical-Mechanical Polish (CMP) planarizing method and a Chemical-
Mechanical Polish (CMP) slurry composition for forming within
advariced integrated circuits conductor elements and interconnect

elements formed of copper metal and copper metal alloys.



-5-  "Copper Metal Oxidation by a D nethyl sul foxide-Carbon Tetrachl oride

M Xture;" Proceedings, Science Research Congress 1992, Singapore, pp.
81-86, a rapid dissolution of copper netal under extrenely mld conditions
in a mxture of Di-Mthyl-Sulf-Oxide (DMSO and carbon tetrachloride
(CCl4). The teachings of Hui-Qng et al., are incorporated herein fully
by reference. Desirable in the art are additional

Cheni cal - Mechani cal Polish (CW) planar+4 rg net hods and additi onal

Chemi cal - Mechani cal Polish (CWP) slurry conpositions through which
conductor and interconnect elenents of copper netal or copper netal alloys

may be formed wthi advan‘% e%aﬁed o rcu ts. Particula IngJeS| able
are additional CheniCaf J(?§| 'E%pfffﬁ’? pFAYRR LA™ &5 B? HREE

addi ti onal &l - wdEaHATEED IeoTeh ST P artd 4 dh o REPRSA '8 cﬂ!ﬂl&%lg‘;

not enpl oy corrosive aclids or bas

THE | NVENTIM&¢hanical Polish AcMP!)S$1wie ebmpds ididDAaSEE¢otd wakhi €tie ifirke
provi de a Chem cal - Mechani cal Polish (CWP) planarizing nmethod and a

Cheni cal - idrti cdl ®ud i plreseP) isiventjoronpedicheon dHr whdchi riZheniichiln
advanced integrated circuits conductor elenents and interconnect elenents
formed of nigalgPodighc bR}l manarizipgymethod or Chemical-Mechanical

Polish (CMP) slurry composition employs corrosive acids or bases.

A third object of the present invention is to provide a
Chemical-Mechanical Polish (C{&P) planarizing method and a Chemical-
Mechanical Polish (CMP) slurry composition in accord with the first
object of the present invention and the second object of the
present invention, which Chemical-Mechanical Polish (CMP)
planarizing method and Chemical-Mechanical Polish (CMP) slurry

composition are readily manufacturable.

In accord with the objects of the present invention there
is provided a Chemical-Mechanical Polish (CMP) planarizing method
and a Chemiéél-uechaniba'l Polish (CMP) slurry composition for
forming within advanced integrated circuits planarized conductor
and interconnect elements formed of copper metal and copper metal
alloys. To practice the method of the present invention, there is
first provided a semiconductor substrate. Formed upon the
semiconductor substrate is a patterned substrate layer. Formed
into and upon the patterned substrate layer is a blanket copper

containing layer. The blanket copper containing layer is then



- 6- A second object of the present invention is to provide a
Chéni cal - Mechani cal Polish (CWP) pl anari zi ng et hod and a Chem cal -
Mechani cal Polish (CWP) slurry conposition in accord with the first object
of the present invention, neither of which Chemi cal- Mechanical Polish
(CWP) planarizing nethod or Chem cal - Mechanical Polish (CW) slurry
conposi tion enpl oys corrosive acids or bases. A third object
of the present invention is to provide a g Chem cal - Mechani cal Polish (CWP)
pl anari zi ng met hod and a Chem cal - Mechanical Polish (CWP) slurry
conposition in accord with the first object of the present invention and

t he second res hcal = Ical
ol i ah (CRERRasi 2o, lbuch & Blinscd] ARLhOcay didn KERE) FOLaABaANS
slurry COﬂiﬁeﬁbaLOn'r@éecﬁélﬂi-_‘i])‘u@éﬂb'ﬁfé‘dlurﬁmigh (cup) planarizihdiGfedhdaw th
the objects of the present invention there is provided a

Chemi cal - Membadaysala PohemicglSMeshahbes) | Pohistet(loMe ) aﬂimry composition
Chem cal - Mechani cal Polish (CWP) slurry conposition for formng within
advanced i RPBPFA8LR0 @ nenraguedusnerdrdihatdndusebrentanddi ahaloganatadical

I n for f r | an r
el enents fo nsgcgngc§)égie.neta and copper neta

Provided by the piesent invention is a Chemical-
Mechanical Polish (CMP) "planarizing method and a Chemical-
Mechanical Polish (CMP) slurry;composition.which may be employed in
forming within advanced integrated circuits conductor and
interconnect elements formed of copper metal and copper metal
alloys. Although the intricate mechanism by which a halogen
radical in conjunction with a non-aqueous coordinating solvent
assists in Chemical-Mechanical Polish (CMP) planarizing a copper
metal layer or copper metal alloy layer is not well understood, it
is nonetheless clear that the simultaneous presence of a halogen
radical and a non-aqueous coordinating solvent within a Chemical-
Mechanical Polish (CMP) slurry composition will assist in
efficiently planarizing copper metal layers and copper metal alloy
layers through a Chemical-Mechanj.cal' Polish (cMP) planarizing

method of the present invention.

Neither the Chemical-Mechanical Polish (CMP) planarizing
method of the present invention nor the Chem;cal—Mechanlcal Polish

(cMp) slurry composxt;on.of the present invention employs corrosive



alloys. To practice the nethod of the present invention, there is first
provided a sem conductor substrate. For med upon the sem conductor
substrate is a patterned substrate layer. Forned into and upon the
patterned substrate |ayer is a blanket copper <containing |ayer. The

bl anket copper containing |ayer is then :

-7- pl anari zed through a Chem cal - Mechanigcal Polish (CWP) planari zing
met hod. Thea%gﬁnical-wbchanical Pol i sh (Ciﬁ%"planarizing nmet hod enpl oys a
Cheni cal - MeCTaAPCEF PRY195h TbrPEhenical-Mechpnsial oFol LHME S 13narizing
non- aqueous coordi nati ng sol vent and a hal ogen radi cal producing specie:
Provi ded by™eRBoSreEdive present dmviestiofhand thk- ChékideniMadhaReailshol{BP)
planarizing(&ﬁgéhoga and a Chem cal- Mechanical Polish (CW) slurry
conposi ti on ‘WhT ¢h 3nHFTHeCOMRATIESN 9f thenPRgsent hinvenion cemp Inyga anest-

circuits co l.nterconnect el enents fornmed of copper netal’ and
copper met alaqugf’ﬁ%y?&%rdﬁwﬁb%%h sf’ﬁrgef‘ﬁt A, 2 R8RS F ARG cRTadkeirgen

radical in ggaky@cti i on- agueous coordinating solvent  assists in

Cheni cal - Mechani cal %%%Q( %?'gﬁaa%ef’luﬁg ca?°5§_8‘ﬁ‘@ﬁtgnﬁetsz% VeRFe QR the

copper net ahadbhey daiall Sroiic iyl spedieash Wfhidalily substantially acidic
or basic, nor are the non-aqueous -coordinating solvent and the

halogen radical producing specie substantially corrosive.

The present invention provides a cChemical-Mechanical
Polish (CMP) planarizing met;od and a Chemical-Mechanical Polish
(CMP) slurry composition which are readily manufacturable. The
present invention provides a Chemical-Mechanical Polish (CMP)
slurry composition which may be employed in Chemical-Mechanical
Polish (cmp) procéssing equipment otherwise conventional in the art
of integrated circuit manufacture. In addition, the Chemical-
Mechanical Polish (CMP) slurry composition of the present inventicn
is formed of materials which are readily available. Thus, the
Chemical-Mechanical Polish (CMP) planarizing method of the present

invention and the Chemical-Mechanical Polish (cMP)  slurry

composition of the present invention are readily manufacturable.



i s nonethel ess clear that the sinultaneous presence of a hal ogen radical
and a non-aqueous coordinating solvent wwthin a Chem cal- Mechanical
Polish (CMP) slurry conposition will assist in efficiently planarizing
copper nmetal l|ayers and copper netal alloy layers through a

Chem cal - Mechani cal Polish (CWP) planarizing mnethod of the present

I nventi on. Nei t her the Chem cal - Mechani cal Polish (CWP)

pl anari zi ng net hod of the present i nventtdh—nor the Cheni cal - Mechani cal
Polish (CWP) slurry conposition of the present invention enploys corrosive

-8- acids or bases. The dﬂf@bEﬁ@ﬁf@fﬂdiﬁbFP@kﬁsﬁ)(ﬁ@s pl anari zi ng
- Mechan

nmet hod of the present invention and the Chem cal Ical Polish (CWP)
slurry conposition of the present invention enploy a non- aqueous

coordi nati ng solvent _and a hal ogen radi cal producing specie. Neither the
non- aqueous coor di nattfigobieebai featurss and ogdvwantdgesl offr atheci presaeci e
are typicaLI¥§§#bstantiall acidic or basic, nor are the non-aqueous

coor di nati g vBRt A& ¢ stAgd didihingBhe foeFduefnthe sesiceiption set
subst ant i algl¥+{0§, lve . o The present_i.nvention provides a
Cheni cal - Mechani cét &POFP'g RSP PR AR PEB?\‘@S%%%M ﬁﬂﬂl‘é“C‘Pmn with the
Cheni cal -W@E&ﬁbﬁﬁ&iﬁ’&' | &hwings, which form a material part of this
disclosure, wherein: ' |
Fig. 1 to Figq. 6 show a series of schematic cross-
sectional diagrams illustrating progre#sive stages in forming
planarized copper metal or copper metal alloy layers within an
integrated circuit through the Chemical-Mechanical Polish ~(CMP)

planarizing method and Chemical-Mechanical Polish (CMP) slurry

composition of the preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a cChemical-Mechanical
Polish (cMmp) planarizing method and a Chemical-Mechanical Polish
(CMP) slurry composition, which Chemical-Mechanical Polish (CMP)
Planarizing method and Chemical-Mechanical Polish (CMP) slurry
composition may be employed in planarizing copper metal layers and
copper metal alloy layers within integrated .circuiﬁs. The

Chemical~Mechanical Polish (CMP) slurry composition is comprised of



(cmmv slurry conposition which are readily manufacturable. The present

i nventi 6n provi des a Chemi cal - Mechani cal Polish (CW) slurry conposi tion
whi ch may be enpl oyed in Chenical - Mechanical Polish (CVWP) processing

equi pnment ot herwi se conventional in the art of integrated circuit -
manuf act ur e. In addition, the Chem cal- Mechanical Polish (CW) slurry
conposition of the present invention is_figraed of materials which are
readi |y avail abl e. Thus, the Cheni cal - Mechani cal Polish (CMP) planarizing
met hod of t?m?ﬂﬂﬁé§éﬁ?u5|¢Rﬂﬂﬂiﬂﬁ#laﬁd59*ﬁ?n@héﬂﬂdhﬂuﬁkkgﬂwnréékcF%lH%ﬂ?uﬁEﬁﬁﬂ

slurry co 05|t|on f . the present | nvention are readlllhh 1|£&_leacéurabl
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o hin i ne MeHERALT SOYP 98Ref] IBAPLEREL melliRl 440 U8 KK .oﬁof's
under st ood mébmmdaric 6?{‘.«,#"(&Ft) hﬁuﬁ%@&ﬂ?&éyimn QE%@%%ese%'ﬁhzenft%m a

material part of t di scl osure, to Fig.
6 show a Sﬂrmeme)toschﬁﬂﬁié‘nﬁiCﬁ&ﬁzcamdhahaba!ﬂlWﬁfﬁ (chbwspratammg

progressive stages in formng planarized copper netal or copper netal

al | oy Iayer%f WiCepPArametal layers and copper metal alloy layers within
integrated circuits is not entirely well understood, it is
nonetheless clear that the non-.a'que-ous coordinating solvent and the
halogen radical producing specie employed within the Chemical-
Mechanical Polish (CMP) siurry composition and the Chemical-
Mechanical Polish (CMP) plana}izing method of the present invention

assist in efficiently dissolving copper metal layers and copper

metal alloy layers.

The Chemical-Mechanical Polish (CMP) planarizing method
and the Chemical-Mechanical Polish (CMP) slurry composition of the
present invention may be employed in plénarizing copper metal
layers and copper metal alloy layers within vafious types of
integrated circuits. The Chemical-Mechanical Polish (CMP)
Planarizing method and the Chemical-Mechanical Polish (CMP) slurry
composition of the present invention may be employed in planarizing
copper metal layers and copper metal alloy layers within integrated
circuits including but not limited to Dynamic Random Access Memory
(DRAM) integrated circuits, Static Random Access Memory (SRAM)

integrated circuits, Application Specific Integrated Circuits



integrated circuit through the Chem cal - Mechani cal Polish (CWP)

pl anari zi ng nmet hod and Chem cal - Mechani cal Polish (CWP) slurry conposition
of the preferred enbodi nent of the present invention.

DESCRI PTI ON OF THE PREFERRED ENMBODI MENT . The present invention
provi des a Chem cal - Mechani cal Polish (CW) planarizing nethod and a

Chem cal - Mechanical Polish (CMP) slurry conposition, which

Cheni cal - Mechani cal Polish (CWP) planari2tmy nethod and

Chemi cal - Mechani cal Polish (CW) slurry conposition my be enployed in

pl anari zi ng CAEMEN) ,MEABE g AR &1266it <L BAPERg Wikhah tﬁéizﬁfa&kﬁ%ﬁﬁﬁ?onWﬁi@ﬁ
S

Integrated circuits. The Chem cal - Mechani cal Polish ( urry
conposi ti on EEfeinPransiistdrs (FETs), integrated circuits having within th:@r-
a non-aqueous coordinating solvent and a hal ogen radi cal progucing speci e.
Al t hough t hef3bBRiGatdoasmbdpadasntignsbstirs rndChintiegratedVarianiital Wawingh
(CWP) planarizing method and the Chem cal - _ Mechanical Polish (CWP) slurry
conposi ti on B fhedent fabrigations pBiROIRT f GompApmentary Metal Oxide

Chem cal - Me ' Pal i sh | anar.i zi n of copper netal |ayers and
copper net al aH%%?qq§38F5(3}§$§3?l%’ﬁPééFﬁ? "circuits is not entirely well
understood, it is nonetheless clear that the non-aqueous coordinating

sol vent and the hal ogen radical producing specie enployed within the
Chem cal - In addition to the various types of integrated circuits

within which may be plan&fized copper metal layers or copper metal
alloy layers, the Chemié&l-nechanical Polish (CMP) planarizing
method and the Chemical-Mechanical Polish (CMP) slurry composition
of the present invention may also be employed in planarizing copper
metal layers or copper alloy metal layers to form conductor
elements and interconnect elements within various locations within
integrated circuits. The Chemical-Mechanical Polish (CMP)
Planarizing method and the Chemical-Mechanical Polish (CMP) slurry
composition of the present invention may be employed in planarizing
copper metal layers and copper alloy metal layers from which are
formeqd first.coppef containing conductive contact studs, second
copper containing conductive contact studs, successive copper
containing conductive contact studs, first copper containing
conductor layers, second copper containing conductor layers and
Successive copper containing conductor layers within integrated
Circuits. First conductive contact studs typically diréctly
contact electrodes of integrated circnit devices. In the absence

of first conductive contact studs, first conductor layers



Mechani cal Polish (CWMP) slurry conposition and the Chemical- Mechani cal
Pol'i sh (CWP) planarizing nethod of the present invention assist in
efficiently dissolving copper netal |ayers and copper netal alloy |ayers.
The Chem cal - Mechani cal Polish (CW) planarizing nmethod and the

Chem cal - Mechani cal Polish (CWP) slurry conposition of the present

I nvention may be enployed in planarizi rgtxepper netal |ayers and copper
netal alloy layers Wthin various types of integrated circuits. The
Chem cal - Mechani cal . Polish (CWP) planarizing nethod and the

Cheni cal - Me@i&$ir@atiBgLly shtyRAFa 1y udiFectdipoSPRERFE of the Plectmades of

I nvention may .be enpl.oyed in planarizing copper netal |ayers and copper
netal alloy ¥ §F§Q§Ft§§ﬁ°$h$é%?afﬁﬁ' circuits including but not limted to
Dynam ¢ Random Access Menory (DRAM integrated circuits, Static Random
Access Menory (SRAM integrated circuits, Application Specific Integrated

Crcuits _ ReASEEBlg riow €8 BLed CitkCRiGS Gaitidie Wst Bhowid¥eries
fabrications Field Effect Transistors (FETs), integrated circuits having
wi thin theirof f sbhemationerbsgedent tommlsi dtagramsndil hisgrattiod cpragressive
having wthin their fabrications Bipolar Conplenentary Metal Oxide E
stages in forming several Chemical Mechanical Polish (CMP)
planarized copper metal or coppef metal.alloy layers within an
integrated circuit throdéh the Chemical-Mechanical Polish (CMP)
planarizing method and the Chemical-Mechanical Polish (CMP) slurry
composition of the preferred embodiment of the present invention.
Shown in Fig. 1 is a schematic cross-sectional diagram of the

integrated circuit at its early stages of fabrication.

Shown in Fig. 1 is a semiconductor substrate 10 upon and
within whose surface there are formed isolatién regions 1l2a and
12b. Semiconductor stibstrates upoh which the present invention may
be practiced may be formed with either dopant polarity, any dopant
concentration and any crystallographic orientation. Typically, the
semiconductof sub;trate 10 upon which is practiced the present
invention is a N- or P- silicon semiconductor substrate having a

(100) crystallographic orientation.

Methods by which isolation regions may be formed within
and upon semiconductor substrates are known in the art. such

methods include but are not limited to methods whereby a portion of



Sem conductor (Bi CMOS) transistors. In addition to the various

types of integrated circuits wthin which may be planarized copper netal

| ayers or copper netal alloy layers, the Chem cal - Mechani cal Polish (CWVP)

pl anarizing nethod and the Chem cal - Mechani cal Polish (CW) slurry

conposition of the present invention nmay 3l so be enployed in planarizing

copper netal l|layers or copper alloy netal |ayers to form conductor

el ements and interconnect elenents within various | ocati ons Wit hi
(

Q.
i ntegrat ed 3cPPeifenductorTREPOTPR HNEINIREIN ARPLIPTLREE | RAF 1dized to
| anari zi ng_net hod .and the Chem cal - Mechanij | [ sh. I
(F:) onposi t i ongFmter@ lﬁxé'?m?nfe?%Figh%@gﬁ%ﬁgaé%n#]&gf%ﬁ é?%sgfractoep'per
rcrgt al layerg,gngle ¢QPRE rwt?éxj:e%ﬂ( r?tsaggalz'g)ﬁgr §n§ﬁﬁﬂﬂ@ (irla‘v@&'e isf ghefehdéntly
pper contal ni ng conducttve ‘contact studs, second “cdpper contail ning

conducti ve ¢gphadiugdn dSsemitdittiye siitdatecaid Jubsaguentiy pattervedtiact
studs, first copper containing conductor |ayers, second copper containing

conduct or | Fpems 180Tat Eeit aAfilons 0pppcthe Gemdicnndyctan daukshratgy er EOR 08 n
integrated circuits. First conductive contact studs typically.di ?‘ecit‘ltg
contact el eprefeccedf dmpoddmentd of r shet RFESEBEs inventienapSdifte19813F19% ¢

conducti ve contact studs, first conductor. | rs
regions 12a and 12b are prefersIy °formed through a thermal

oxidation process whereby portioné of the semiconductor substrate
10 exposed through an oxidation mask are consumed to form within
and upon the semiconductor substrate ‘10 isolation regions 12a and

-12b of silicon oxide. ?

Also illustrated within Fig. 1 is a gate oxide layer 14
upon which resides a gate electrode 16. Both the gate oxide layer
14 and the gate electrode 16 reside upon the active semiconductor
region of the semicimductot substrate 10. Both the gate oxide
layer 14 and ;:.he gate electrode 16 are components of a Field Effect

Transistor (FET).

Methods and materials through which gate oxide layers and
gate electrodes may be formed upon active semiconductor regions of
semiconductor substrates are known in the art. " Gate oxide layers
may be formed through methods including but not limited to methods
.whereby the surface of the active semiconductor region of a

semiconductor substrate is oxidized to form a blanket gate oxide



- 12 - alternatively typically directly contact the el ectrodes of
|ntegrated circuit devices. Referring nowto Fig. 1 to Fig. 6
there is show a series of schematic cross-sectional diagranms illustrating
progressive stages in formng several Chemical Mechanical Polish
(CWP) planarized copper netal or copper netal alloy layers within an
integrated circuit through the Chem cal - Nechanical Polish (CW)

pl anari zi ng nethod and the Chenical - Mechanical Polish (CW) slurry

conposi tion of the pref erred, enbodi ment of the present invention. Shown
in Fig. 1 is a schematic cross-sectional di agramof the inte rated circuit
at its earllayragpsnothéasictivad isemiconductor regioghowndi mefheds wWherepy a
sem conductor substrate 10 upon and within whose surface there are formed

i sol ati on rginkes 1g9ateindxideb lagen o@wd%@@e@ﬂﬁtﬁi’at @%P%P%Peﬁnt frhe
present invention mag/ Ebe practiced I t her

polarity, aHFifGsa BRc &FtAYei &?“‘&ﬁ\én “91:%:; ;/rg?ﬁ?'?%gf’gptﬁ CS%TP+<Ee)?1rf&é‘\°t85
Typical ly, g@ns[tzsa%@ COTE};@S%V p%!'Q t&e 181 4R00: ‘C’i\%&@ dRidY Ayl dditea

pr esent on1's a COﬂ sem con tor substrate havi ng a

(100) cryst ér?%c%l'i‘r‘ec sQﬂ\h.EGﬁ&iétQﬁ regions of semidriv@tobysubstlratemlyi on
regi ons may formed with and upon sem conduct or substrates are known

inthe art. opﬁﬁﬂalmbbmdm tititownlti exthingtprioceissed ¢anvantioda lvbertdley a
portion of
art.

Gate electrodes are typically formed via patterning and
etching through methods as a;'é conventional in the art of blanket
layers of gate electrode materials which are formed upon the
surfaces of blanket gate oxide layers. Typically,' blanket layers
of gate electrode materials are formed from highly conductive
materials such as metals, metal alloys, highly doped polysilicon

and polycides (polysilicon/métal silicide stacks).

For the preferred embodiment of the present invention,
the gate oxide layer 14 is preferably formed through patterning of
a2 blanket gate oxide 1afer formed through thermal oxidation of the
active semiconductor region of semiconductor substrate 10 at a
temperature of about 800 to about 1000 degrees centigrade to vield
a typical blanket gate oxide layer thickness of about 40 to about
150 angstroms. For the preferred embodiment of "the present
invention, the gate electrode 16 is preferably formed by pat_terning

and etching' a blanket polycide (highly doped polysilicon/metal



- 13 - & sem conductor exposed through an appropriate mask is oxidized to
formisolation regions within and upon the sem conductor substrate, and
nmet hods whereby a separate insulating |layer is independently formed upon a
sem conduct or substrate and subsequently patterned to formisolation,

regi ons upon the sem conductor substrate. For the preferred enbodi nent of
the present invention, the isolation regions 12a and 12b are preferably
formed through a thernal oxidation proceds whereby portions of the

sem conductor substrate 10 exposed through an oxidation mask are consuned
to formwithin and upon the sem conductor substrate 10 isol ation regions
12a and 12bgeijisidéfrO | bLlustrated within Fig, 1
is a gate oxi deulsjé?/ée;r: illaﬁgug%n %ﬁ%ﬁ?tr emﬁt éségigg%éée?%%?lfo k) %%‘?e
gate oxide | Byanked Gavaloklige diharohecd denifst 45 UbolROSH P EELYE 4000
sem conductor region of the sem conductor substrate f : %oth the gate
oxi de | ayer angstrems hahgaughel £ciohetdcab arapotrorrpe?egisim Fcvog| dhrddeast
Transi st or (FET%]6 , . Met hods and materials through which gate
oxi de | ayer s*TREPY1¥Aht S1dppet rasdeshfn)sidopsr neaurgeonmatesr val s epilongdoditar
regi ons of

suitable dopant species, as appropriate. Once the blanket polycide
layer or blanket metal silicide layer has been patterned to yield
the gate electrode 16, tﬁé*gaté:electrode 16 may optionally be used
4s an etch mask to pattern the gate oxide layer 14 from the blanket
gate oxide layer. \

Finally, there is shown in.Fig. 1 source/drain electrodes
18a and 18b formed within the surface of the active semiconductor
region of the semiconductor substrate 10 at areas not occupied by
the gate electrode 16, the gate oxide layer 14 and the isolation
regions 12a and 12b. Methods and materials through which
source/drain,-electroﬁes may be formed within semiconductor
substrates are known in the art. Such methods typically employ
dopant species which are ionized and implanted into a semiconductor
substrate at sufficient velocity and dose to form into the
Semiconductor substrate a region of conductivity sufficient for a
source/drain electrode. The polarity désired for the source/drain-
electrodg will dictate the polarity of the dopant species. Arsenic
dopant species, boron dopant species and phosphorus'dopant species
are common in t@e art. For the preferred embodiment of the present

invention, the source/drain electrodes 18a and 18b are preferably



senj conductor substrates are known in the art. Gate oxide | ayers may be
formed through nethods including but not limted to nethods wher eby t he
surface of the active seniconductor region of a seniconductor substrate
is oxidized to forma bl anket gate oxide

- 14 - | ayer upon the active semn conductor region, and net hods whereby a
bl anket gate oxide layer is independently geposited upon the surface of
the active sem conductor region of a sem &nduct or substrate. Excess
portions of blanket gate oxide |ayers formed upon active sem conduct or

regi ons of sem conductor substrates may optionally be renoved through

et chi ng pr dogseds thoougntimplahtingtthsuitaltle dopant speciesintoethe tactdwe

are typically formed vi.a patterning and  etchin throu h net hods as are
convent i on€FiPn 1of fhe semicgpruetor ai}é?séir@ﬁ'-eg @&Q’-‘Gdé-mét &oi apgut

whi ch f th f f bl anket * gat |
b et 5, o ot Pl GRRETaPter a5 had Zﬁcﬁé'@es r 8Pt 190 lFEV

hi ghly condiy I as netals, nmetal alloys, highly doped
pol ysilicon aﬁﬁeboﬁic ébﬂ'% Silicon/nmetal silicide st acks) ..

Having formed a Field_Efgect Transistor (FET) etrdctgre
comprising source/drain eLecttddes 18a and.lab formed into the
eemiconductor substrate 10,. and a gate electrode 16 upon a gate
oxide layer 14 adjoining the source/drain eiectrodes 18a and 18b,
the next series of process sgeps in forming'withig an integrated
circuit copper metal layers or copper metal alloy layers planarized
through the Chemical Mechanical Polish (CMP) planarizing method and
Chemical Mechanical Polish (CMP) slurry composition of the present.
inverition may proceed. A schematic cross-sectional diagraﬁ of an
integrated circuit illustrating the results of those process steps

is shown in Fig. 2.

Shown in Fig. 2 is the presence of paﬁterned Pre-Metal
Dielectric {PMD) layers 20a, 20b and 20c which are formed upon the
surface of the integrated circuit whose structure is Lllustrated.Ln
Fig. 1. Methods and materials through which patterned Pre—Metal
Dielectric (PMD) layers may be formed within integrated circuits
are known in the art.. Patterned Pre-Metal Dieiectric laye;s are
typically, although not exclusively, formed tﬁraugh patteriziz'zg’

through methods as are conventional in.the art of.blanket Pre-Metel



For the,preferred enbodi nent of the present invention, the gate oxide

| ayer 14 is preferably fornmed through patterning of a blanket gate oxide
| ayer fornmed through thermal oxidation of the active sem conductor region
of sem conductor substrate 10 at a tenperature of about 800 to about 1000
degrees centigrade to yield a typical blanket gate oxide |ayer thickness
of about 40 to about 150 angstrons. __igt_the preferred enbodi nent of the
present invention, the gate el ectrode Is preferably formed by
patterning and etching a bl anket polycide (highly doped polysilicon/netal

- 15 - sidiedettrikayiliye®s .bl aectpatiedinitig infydehd ayEEohl 18HE A R oulah
bl anket gate oxide |ayer at a thickness of about 2000 to about 4000
angstrons tahohedlithoGrephial andeschDegtixds as aCyRoqwertdsnalehpl the rgt,
silane as _the silicon source nmateri al al ong with suitabl e dopant

speci es, asiRMpMUHG Brk nahddmifed lﬂ%ﬁﬁétcwjfdldétcpdﬁh‘iﬂs Brd eact¥eal

Gat e, of ectlTNe R nEBt ot Poihl R scdthes DIRARe € FRESIS G seties

gate oxide J s Thy HaM ol BRESIgh HHthdds dnd M4terials including but
not limited to Chemical Vapor Deposition (CVD) methcdé, Blasma
Enhanced Chemical Vapor.Depositidh (PECVD) methods and Physical
Vapor Deposition (PVD) ssuttering methods through which may be
formed blahket Pre-Metal Diélectric layers of dieléctrig materials
including but not limited to» silicon oxide dielectric haterials,
silicon nitride dielectric materials and silicon oxynitride

dielectric materials.

For the preferred embodiment of the present invention,
the patterned Pre-Metal Dielectric (PMD) layers 20a, 20b and 20c
are preferably forméd through patterning wvia a Reactive Ion Etch
(RIE) etch method as is common in the art of a blanket Pre-Metal
Dielectric (PMD) layer formed of a silicon oxide deposited through
2 Plasma Enhanced Chemical Vapor Deposition kPECVD) method, as is
also common in the art. Preferably, the thicknesses of the
patterned Pre-Metal Dielectric (PMD) layers 20a, 20b and 20c are
from about 3000 to about 10000 angstroms each.

Also shown in Fig. 2 is the presence of a blanket first

copper containing conductor layer 22. The blanket first copper



Finally, there is shown in Fig. 1 source/drain electrodes 18a and 18b
formed Within the surface of the active semiconductor region of the

sem conductor substrate 10 at areas not occupied by the gate el ectrode 16,
the gate oxide layer 14 and the isolation regions 12a and 12b.

Met hods and materials through which source/drain electrodes nmay be
formed wthin sem conductor substrates _are known in the art. Such-

nmet hods typically enploy dopant specié%iﬂthh are ionized and inpl ant ed
into a sem conductor substrate at sufficient velocity and dose to form

into the sgj t t L,g0j H@ﬁft. i GheNL-fQr a
source/drain eﬁ%g&qggdggnﬁgéép%ﬁzf&ie? y zgglsn ?Pegéf gsr) e As%u%%’@% ?I{ fglle%a‘i br' 8

el ectrode véddped Chat81lt he1 @y arit prgketdii1loPanle SPEghRSE AFSAY C cogpRant
speci es, boron dopant species and phosphorus dopant species are conmon in

the art. FRorornteiningf eonddcted oriyEni220iconbains esenleast\adutor80 (ercent
source/drain. el ectrodes 18a and 18b are preferably

- 16 - f FeRRER.hr CRXefenailynt ithe dhdeknedscofothet blpakess fiinss Copper
active region of the sem conductor substrate 10 at about 1E14 to about

1E16 i ons peRniinding comdppterr laver 2hdisbtiam Rbaus 000 trorhesy 109R0
inplantatioghégggéﬁé; As is understood by a person skilled in the art, the
blanket first copper contgininé cdﬁductor layer 22 may be formed
within and upon éhe patt;;ned Pfe-Metal Dielectric (PMD) layers
20a, 20b and 20c through déposition methods conventional to the
art, including but not limited to thermally assisted deposition
methods, electron beam assisted deposition methods, Physical Vapor

Deposition (PVD) sputtering methods and Chemical Vapor Deposition

(CVD) methods.

Referring now to Fig. 3, there is shown a schematic
cross-sectional diagram illustrating the results of further
processing of the integrated circuit whose structuré is illustrated
in Fig. 2. sShown in Fig. 3 is the results of planarizing the
blanket first copper containing conductor layer 22 illustrated in
Fig. 2 to form the first copper ;ontéining conductive contact studs
22a and 22b. The planarizing is accomplished employing the
ChemicalfMechanical Polish (CMP) planarizing method of the present
invention and +the Chemical-Mechanical Polish (CMP) slurry

composition of the present invention.



Having fprmed a Field Effect Transistor (FET) structure conprising
source/drain el ectrodes 18a and 18b forned into the sem conductor
substrate 10, and a gate electrode 16 upon a gate oxide |layer 14 adjoining
the source/drain electrodes 18a and 18b, the next series of process steps
in formng within an integrated circuit copper netal |ayers or copper

netal alloy |ayers planarized through the Chem cal Mechanical Polish (Cw)
pl anari zi ng met hod and Chemi cal Mechani cat9Rolish (CVMP) slurry conposition
of the present invention may proceed. A schematic cross-sectional diagram
of an integrated circuit illustrating the results of those process steps
is shown in Flg 2 The Chemical- %Rﬁﬂﬂ?%cﬁlF?ﬁllip|@FMﬁHesdﬂﬁgﬁnéémEﬁSltLOH
patterned 5? Dielectric (PVMD ggers 20a, 20b and 20c whic S

f ormed upon®thée sﬁ’??fteé‘tof" Yert i (FORFdSEr, A P°V\h6%‘ée%‘ﬁ uEPeF “?%t ng

|| Tustrat Edsbi‘v ﬂ. gandl %&B@Q%Q@&ﬁb h?éfzrz%gg n | n?’ sPebhE I on

Pre-Met al . ectr ayers nay egrate
circuits aée i‘dﬂﬂ%hérﬁ;st Resabéen FHAA 88 hdYidtMehatnd Al rd:.%sb@ﬁ@i&n ¥ee

typically, although not exclusively, formed through pattering hr ough
met hods as ePppenmetdl anderi dildeonditabndl aske, Poe-ddinle, HuJ.-QJ.ng et
- 17 - Dielectric layers. The patterning nmay be acconplished through

al., "Copper Metal Oxidation by 'a Dimethylsulfoxide-Carbon
Tetrachloride Mixture," ‘g;oceédings, Science Research Congress
1992, singapore, pp. 81-86, the teachings of which are incorporated

herein fully by reference.

There are several options for non-aqueous coordinating
solvents which may be employed in the Chemical-Mechanical Polish
(CMP) slurry composition of the present invention. Non-aqueous
coordinating solvents may be mono-coordinate or poly-coordinate.
In addition, the coordinating atoms within the non-aqueous
coordinating sclvené.may include, but are not limited to,'oxygen
coordinating: atoms, nitrogen coordinating atoﬁs and sulfur
coordinating atoms. Preferably, the non-aqueous coordinating
solvent ‘within the Chemical-Mechanical Polish (CMP) slurry
composition of the present invention is chosen from the group of
llon-aqueous coordinating solvents consisting of acetonitrile
(CHICN), Tetra-Hydro-Furan (THF) and Di-Methyl-Sulf-Oxide (DMSO).
Most preferably, the non-aqueous coordinating solvent within the
Chemical-Mechanical Polish (CMP) slurry composition of the present

invention is Di-Methyl-Sulf-Oxide (DMSO).



photol it hographic and etch nmethods as are conventional in the art, :

I ncluding but not limted to wet chem cal etch nethods and Reactive lon
Etch (RIE) etch nethods. The bl anket Pre-Metal Dielectric |ayers nay be
formed through nethods and materials including but not limted to Chem cal
Vapor Deposition (CVD) nethods, Plasma Enhanced Chem cal Vapor Deposition
(PECVD) met hods and Physical Vapor Deposition (PVD) sputtering mnethods

t hrough which may be formed bl anket Pre-M@al Dielectric |ayers of
dielectric materials including but not limted to silicon oxide dielectric

materials, silicon nitride dielectric materials and silic ni i

di el ectric material svarious halogen Fﬁ?n?ﬁéuﬁ}gefséﬁﬁcelcfsen%%h%ﬂeﬁ?yofpﬁohdg ©
present in ion, .. 14 Pr e- M e '

D0band 20881508 rad Rl BAERLE! foA R dleddabastaliat LPbalURE b bR
Etch (R Ecpelikaiehboghficdis peﬁzma@m BRupty HmpodiltaviebLPEite Wieslent

Dielectric (PMD) layer fornmed of a silicon oxide deposited through a

Pl asma EnhangeeatE8anirélknd@noin Beeoakti 0TypRERYNaloddndontaining sdpewies
common in the art. Preferably, the thicknesses of the patterned

Pre- Met al [ibdlohct may ( PhBlluteycizldgsn 2Gdigads20withén f taen aBRRITABFFYSt o
about 10000 arl%strom; each. Al I's, the

so shown in Fig.,. 2
presence ofcOPTNiRARERTS | FRIVeRtopAEL1EBAt AP nd ondeE onh?'é‘y'ﬁ? P &2
blanket fi rpsérc%q.%@%r, hydrochloro, -,’perbfom.o and hydrobromo compounds.
Preferably the halogen ragij.cal producing specie of the present
invention is a chlorine radical produéing specie chosen from the
group of chlorine radical pr"oducing species consisting of C1l-C2
perchloro and hydrochloro compounds. Most preferably, the halogen
radical producing specie is the chlorine radical _producing specie.
carbon tetrachloride (CCl4). ' Most preferably, the Chemical-
Mechanical Polish (CMP) slurry composition of the preéent invention
"is formed with Di-Methyl-Sulf-Oxide (DMSO) as the non—-aqueous
coordinating solvent and carbon tetrachloride (CCl4) as the halogen
radical producing specie, at a DMSO:CCl4 volume ratio of from about

10:1 to about 0.1:1.

In addition to the non-aqueous coordinating solvent and
the halogen radical producing specie, the Chemical-Mechanical
Polish (CMP) slurry composition of the present invention also
preferably has contained therein an abrasive powder, at a
concentration of from about 1 to about 20 percent by weight of the

‘total weight of the Chemical-Mechanical Polish (CMP) slurry



- 18 - , containing conductor layer 22 may be formed of copper netal or a
copper netal alloy. Preferably, the blanket first copper

cont ai ni ng conductor |ayer 22 contains at |east about 80 percent copper.
Preferably, the thickness of the blanket first copper containing conductor
| ayer 22 is from about 3000 to about 10000 angstrons. As is understood by
a person skilled in the art, the blanket first copper containing conductor
| ayer 22 may be formed w thin and upon the patterned Pre-Metal Dielectric
(PMD) layers 20a, 20b and 20c through ﬂéﬂo§ition met hods conventional to
the art, including but not limted to thermally assisted deposition

met hods, el compesibiomm addirasddvedppoisny ohight Mayisbe HiRegrRAragedointo the

Deposition (PVD) sputtering nethods and em cal Vapor , 0Si 1i,0n

rref hods. t(:hem;.ca ‘Mecmi%larli Relidw @W%@ﬂ%{? FH@B@SF'?EEHOQ\#} %‘es B%%g%‘f c
cross-sectional diagram.il]Justratin he.result f h ' 0CeSSi of
the integr d&&%ﬁ%&%ﬂ eg‘s‘f‘rﬁﬁ 3\‘%‘ ﬁ%m'}??%stt%r gﬁggg;‘ai %’S’F?Sgﬂez.ﬁg&éﬁggmh
in Fig. 3 is;the.r of I L zh NGk ' opper
conta?rnlﬁg %5% g%t%§%4%§k§'gfgh???ué§?2§%§##%? 39%?§¥€% ééﬁ?%ﬁé% Pﬁe first
copper containing conductive contact studs 22a and 22b. The pl anari zi ng

I s acconpl i shed enpl gyi ng the Chem cal - Mechani cal Pol i sh (CWP)
pl anari zi ng net hod ofIshaiditdsanto the non-aqueous coordinating solvent, the

halogen radical producinngpecie and the abrasive powder, various
other components may optionally be included within the Chemical-
Mechanical Polish (CMP) .slurry composition of the present
invention. These componeﬁis include but are not limited to
surfactants, leveling agents, aqueous and non-aqueous co-solvents,
anti-oxidants, viscosity modifiers, fillers and the like as are
known in the art to impart other desirable properties to the
Chemical-Mechanical Polish (CMP) slurry composition of the present

invention.

The Chemical-Mechanical Polish (CMP) slurry composition
of the present invention may be employed in planarizing the blanket
first copper containing conductor layer 22 to the first conductive
contact studs 22a and 22b through the use of Chemical-Mechanical
Polish (CMP) processing equipment conventional to the art. A
typical and preferred, although not exclusive, Chemical-Mechanical
Polish (CMP) planarizing method for planarizing the first copper
containing conductive contact studs 22a and 22b from the blanket

first copper containing conductor layer 22 includes an IC1000/SUBA4



i nvention and the Chem cal - Mechani cal Polish (CWP) slurry conposition of

the present invention. ) - 19 -

The Chemi cal - Mechani cal Polish (CWP) slurry conposition of the present

i nvention conprises a non-aqueous coordi nating solvent and a hal ogen

radi cal producing specie. This conbination of conponents has been shown to

assist in the rapid dissolution of coppey, met al under mld conditions.

See, for exanple, Hui-Qng et al., "Copper Mtal Oxidation by a

Di net hyl sul f oxi de- Carbon Tetrachloride M xture,"” Proceedi ngs, Science

Research Congress 1992, Singapore, pp. 81-86, the teachings of which are

i ncor por atped ishdng pa@lyl 4 pdlyshehgrpat @ressure of from Fheut larto sbowt A0

options for non-aqueous coordinating solvents which may_be eng‘lgo%ed in the

Cheni cal - MUNEIS PEr Sauask ipchvpipsilrand QoFssatirBnsBeednet prleQn 20 to

I nvention.__ Non-agueous _ coordi nating, sol vents .may mono- coar di hat e, or

pol y- coor AfH%. i nt S¥RAYTiAns (RRF c'g’cﬂ'{fiena&'% "at 0 Wtﬁ?ﬁl%femf Bdas,

non- aqueo coardi nat L n al ven [ b | ifGeSdrt O

oxygen cggorld‘isglan:ynggééo r?sﬁ}lf?%gérm;%cogﬁ#%g’ﬁ n %ﬁsﬁsﬂgkﬂ sul f&gr' be
employed.

Referring now to g‘ig.‘it there is shown a‘'schematic cross-
sectional diagram illustrating the results of further processing of
the integrated circuit whose structure is illustrated in Fig. 3.
Shown in Fig. 4 are the patéerned first Inter-Metal Dielectric
(IMD) layers 24a, 24b and 24c within and upon which is formed the
blaxiket second copper containing conductor layer 26. The patterned
first Inter-Metal Dielectric layers 24a, 24b and 24c are preferably
formed through methods, materials and dimensions equivalent to the
methods, materials and dimensions through which are formed the
patterned Pre-Metal '.Dielectric layers 20a, 20b, gnd 20c. The
blanket second copper containing conductor layer 26 is preferably
formed through methods, materials and dimensions equivalent to the
methods, materials and dimensions through which is formed the

blanket first copper containing conductor layer 22.

Referring now to Fig. 5, there is shown the results of
further processing of the integrated circuit whose structure is
illustrated in Fig. 4. Shown in Fig. 5 4is the results- of

Planarizing the blanket second copper containing conductor layer



coordi nati ng atons. Preferably, the non-aqueous coordinating solvent
within the Chem cal - Mechanical Polish (CW) slurry conposition of the
present invention is chosen fromthe group of non-aqueous coordinating
sol vents consisting of acetonitrile (CH3CN), Tetra-Hydro-Furan (THF) and
D - Met hyl -sul f-Oxi de (DMSO). Most preferably, the non-aqueous coordinating
solvent within the Chem cal-Mechanical Polish (CW) slurry conposition of
the present invention is Di -thhyI-Squ-?ﬁide ( DVBO) .

- 20 - Vari ous hal ogen containing speci es which may produce

hal ogen radicals within the non-aqueous coordinating solvent of the
Chenical-Nb&ganical Polish (CMP) slurry conmposition of the present

i nvention a 'kﬁévvrnilﬁsttﬁét%tinm-czﬂx %R $9&m ERet pakberRed fdirss CRRPER
may produce hal ogen radicals w thin the _non-aqueous _.coordinat.ing solv

i ncl ude but SRRE23BENG; RPRAYCHRF Gavers géFcﬁPgrg,b'hj%ﬁ?m?#%ﬂif121g rg?oﬁgé

and hydrobh,gr%kee OTRUAS copbes ROALA VLAl dMHANLER,! dyes! 287 QHUELEA the

specie of t _ ( ine radical- produci ng specie
chosen ffomaaft‘i-.er%guﬁi%tc gPdr@onRdi f8hg NESHHICLREG IRPEESS264 NfidS REBYLST

C-C2 perchloro an ydrochl®™oro conpounds. Mbst preferably, the hal ogen

radi cal produrierdakeactierdugtl Be Chetiicat-Mecharalcalr PdLisind C¥Pd @ lanarizing
method and the Chemical-Mechan.ji.cal' ‘Polish (CMP) slurry composition
of the preferred embodiméﬁt of the preseht invention, as disclosed
above with reference to Fig. 3., wherein the blanket first copper
containing conductor layer 22 is Chemical-Mechanical Polish (CMP)

planarized to yield the first copper containing conductive contact

studs 22a and 22b.

As is understood by a person skilled in the art,
additional patterned Inter-Metal Dielectric (IMD) layers,
additional copper containing conductive contact studs and
additional patterned copper containing conductor layers may be
formed upon the surface of the integréted circuit whose schematic
cross-sectional diagram - is illustrated in Fig. 5. A schematic
cross-sectional diagram of an integrated circuit illustrating the

results of such additional layering is shown in Fig. 6.

Shown in Fig. 6 is a schematic cross-sectional diagram of
the integrated circuit whose schematic cross-sectional diagram is
illustrated in Fig. 5, upon whose surface is formed: (1) the

patterned second Inter-Metal Dielectric (IMD) layers 28a, 28b and



car.bon tetrachloride (CCl4). Most preferably, the Chem cal- Mechani cal
Polish (CWMP) slurry conposition of the present invention is fornmed with
Di - Met hyl - Sul f - Oxi de (DMSO) as the non-aqueous coordinating sol vent and
carbon tetrachloride (CCl4) as the hal ogen radical producing specie, at a
DMSO CC14 volune ratio of fromabout 10:1 to about O0.1:1. In
addition to the non-aqueous coordi nating solvent and the hal ogen radical
produci ng specie, the Chem cal - Mechani cal- 2&alish (CWP) slurry conposition
of the present invention also preferably has contained therein an -
abrasive powder, at a concentration of fromabout 1 to about 20 percent
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Abrasi ve powdar3omhi(ah Ry pattePfed RAiddeInt et -Geitad uﬁége@ezaic N&ﬂmnwﬁér
Polish (CW) slurry conposition of the present invention include but are

not limted3d2e anhd rhmatabth‘aEnpdvmd coppexr gonbaining qnnddmt@rahalyers

titani a abrasi ve powd In addition to the non-aqueous
coor di nat i n&“?ol%n@‘bt- heThﬁalpéﬁéﬂ’-'%t%ll%%ﬁ"ﬁr JRFerniespicPéedngtrie (IMD)

abrasi ve po‘ﬂ@ersvafal C3“528b and 28c, and the patterned third Inter-Metal
Dielectric layer 32 are formed through methods, materials and
dimensions equivalent to _the’ ixuethods, materials and dimensions
through which are formed the patterned first Inter-Metal Dielectric
(IMD) layers 24a, 24b and 34c. The second copper containing
conductive contact studs 30a and 30b are formed thrdugh methods,
materials and dimensions equivalent to the methods, materials and
dimensions through which are foz;med the first copper containing
conductive contact studs 22a and 22b. Finally, the patterned
second copper containing conductor layers 34a and 34b are formed
through methods, materia.s and ‘dimensions equivalent to the
methods, materials and dimensions through which are formed the

patterned first copper containing conductor layers 26a and 26b.

Upon forming the patterned second copper containing
conductor layers 34a and 34b, there is formed the integrated
circuit of the preférred embodiment of the present invention. The
integrated circuit of the preferred embodiment of the present
invent®n has formed ﬁherein multiple copper containing conductive
contact studs and multiple patterned copper containing conductor

layers. The multiple copper containing conductive contact studs



ot her canponents may optionally be included wthin the Chem cal -

Mechani cal Polish (CMP) slurry conposition of the present invention.
These conponents include but are not limted to surfactants, |eveling
agents, aqueous and non-aqueous co-solvents, anti-oxidants, viscosity
nodifiers, fillers and the like as are known in the art to inpart other
desirable properties to the Chem cal-Mechasical Polish (CW) slurry
conposition of the present invention. The Chemi cal - Mechani ca
Pol i sh (CvPRd| R Yipbeppattenmed ofopper pcesbaining egenduchey Beyersl ;rsd
in planarizpng the blanket _first copper containing conductor |ayer 22 to
the first c%?é'ﬂfc‘{ i PREougiht Bhanagizddgy Rl anksto APRRto ARt ARG Gynductor
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first copper contalning conductive contact stu a ‘an
bl anket fiosttitdRseadniaveatibonductor |ayer 22 includes an
| CL000/ SUBA4 - 22 - pol i shi ng

pad, a polishing pad pressure of fromabout 1 to about 20 pounds per
square inch (psi) and a rotation speed of about 20 to
As is understood by a person skilled in the art, the
preferred embodiment og’ chémical-Mechanical Polish  (cMP)
planarizing method of the present invention and the preferred
embodiment of the Chemicél-Mechanical Polish (CMP) slurry
compositiaﬁ of the present invention are representative of the
present invention rather than limiting of the present'invention.
Revisions may be made to methods, materials, structures and
dimensions through and upon which is practiced the Chemical-
Mechanical Polish (CMP) planarizing method of the present invention
and the Chemical-Mecﬁanical Polish (CMP) slurry composition of the
present invention while still providing Chemical-Mechanical Polish
(cMpP) Planarizing methods and Chemical-Mechanical Polish (CMP)
slurry composition# within the spirit and scope of the present

invention.

What is claimed is:



about 150 revolutions per mnute (rpm. O her polishing pads, polishing
pad pressures and rotation speeds nmay, however, be enployed.
Referring nowto Fig. 4 there is shown a schematic cross- sectional

diagramillustrati further processing of the integrated
circuit whose strugﬂmm"l Immm ﬂ ed in Fig. 3. Shown in Fig. 4 are the
patterned first Intér-Ketal ’D|€§|e(3'tl’IC (IMD) layers 24a, 24b and 24c
within and upon which is forned the b @28ket second copper containing
conductor |ayer 26. The patterned first Inter-Metal Dielectric |layers 24a,
24b and 24c are preferably forned through nethods, materials and

di mensi ons equitval eAtmethodhfor Cekehads 1 -Wedierital PoThsH TERP) QPFarddyieuag
which are forned the patterned Pre-Metal Dielectric |ayers 20a, 20b, and
20c. The bl GARREr secomtadoppgr clarexisni ngithinluctintegagted26 dixcuits
preferably forned ihrough met hods, materials and di nensions equivalent to
the nmethods, FBPBF+8FRIand di mensi ons through which is formed the bl anket

first copper contai onduct or Referring now to
Fig. 5, Fﬁer e.is shgi'wﬁ%g’gr é’s&lef‘§c8¥8u?€?‘f ﬁéﬁbsﬁ'FS&gSQ ng of the ignt egr at ed
circuit whose struCEd¥Ring u?é.% UshbeatdthicBnbhOtor subsePRWE b Jdtkernedl S

the results of planarizing bl anket second copper contai ni ng conduct or
| ayer substrate layer;

forming within and up'oh the patterned substrate layer a
blanket copper containing layer; and

planarizing through \a Chemical-Mechanical Polish (CMP)
planarizing method the blanket copper containing layer, the
planarizing being accomplished with a Chemical-Mechanical
Polish (CMP) slurry composition comprising a non-aqueous

coordinating solvent and a halogen radical producing specie.

2. The method of Claim 1 wherein the patterned substrate

layer is a patt'érned dielectric substrate layer.
3. The method of Claim 2 wherein the thickness of the
patterned dielectric substrate layer is from about 3000 to

about 10000 angstroms.

4, The method of Claim 1 wherein the blanket copper

containing layer contains at least about 80 percent copper.

5. The method of Claim 1 wherein the thickness of the



- 283 - -26, as illustrated in Fig. 4, to formthe patterned first copper
cont ai ni ng condUE%QL_LQXQL§_2§a_and—26b. The pl anarizing of the blanket
second copper con alnlng conductor layer 26 to formthe "~ patterned first
copper contalnlng ‘ 26a and 26b is undertaken through the
Chem cal - Nbchanlca um‘ anarrzrng met hod and t he

Chem cal - Mechani cal = 0I€|sh ( Slurry conposition of the preferred
enbodi nent of the present invention, as2@i-scl osed above with reference to
Fig. 3., wherein the blanket first copper containing conductor |ayer 22 is
Chem cal - I\/Echani cal Polish (CIVP) pI anari zed to yield the first copper
cont ai ni ng i ye contact
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under st ood B r§8ﬁp§§|‘1’?réfc?‘r‘}+"tghé'agff 1s gﬁﬂ‘,%ﬁ%‘ft 3139 etr%égm“t

I nter-Metal 1dg08 80 éﬁﬁfoms (IMD) layers, additional copper containing
conductive contact Studs and additional patterned copper containing
conductor |layers may be forned upon the surface of the integrated circuit
whose schematic cross-sectional diagramis illustrated in Fig. 5. A
schematic dr.ossThectmethdd dofigrGlaiaf an wherednat etk cihadogeni |tagdiicadt i ng
the results of such additional layering is shown in Fig. 6.

Shown in Fi Progucdng speeimtis acch igrseet#maldmgﬂaﬁrm $PRCit egrated
circuit whose schematic cross-sectional diagramis

7. The method of Claim 6 wherein the chlorine radical
producing specie is chosen from the group of chlorine radical
producing species consisting of C1-C2 perchloro and

hydrochloro chlorine radical producing species.

8. The method of Claim 6 wherein the chlorine radical

producing specie is carbon tetrachloride (CCl4).

9. The method of Claim 1 wherein the non-agueous
coordinating solvent is chosen from the group of non-aqueous
coordinating solvents consisting of acetonitrile (CH3CN),

Tetra-Hydro-Furan (THF) and Di-Methyl-Sulf-Oxide (DMSO).

10. The method of Claim 1 wherein the non~aqueous

coordinating solvent is Di~Methyl-Sulf-Oxide (DMSO).

11. The method of Claim 1 wherein the Chemical-Mechanical
Polish (CMP) slurry composition further comprises an abrasive

powder.



illustrated in Fig. 5, upon whose surface is fornmed: (1) the patterned
second Inter-Metal D electric (IMD) Tayers 28a, 28b and

- 24 - 28c; (2) t ol | .containing conductive contact studs 30a
and 30b; (3) the p mmﬁ1 iﬂﬂﬂﬂllier-l\/ht al Dielectric (IMD) |ayer 32
and (4) the patterned geceondrcopper containing conductor |ayers 34a and
34b. The patterned second Inter-Metal Dielectric (IMD) |ayers 28a, 28b and
28c, and the patterned third | nt er- Met ar 2®iel ectric | ayer 32 are forned
“through nethods, materials and dinmensions equivalent to the nethods,
‘materials and djmensi ons through which are formed the gatterned first
‘Inter-Metal Dietect ihe methpd piyELaimsil yhgrebny the abrasive Rewder okper

taini duct | tact studs 30a and 30h are f d_t hr pugh
methods, i 1SS SH N BHR VI BREATE'S ROHIT IS PR B & and

di mensi ons t hr ojiin 44y heg {4 | S I ve
contact studs 22a a% gggggfvéﬁdﬁﬁg't %i{)i&t tagggggseg%%gé c%%&e?gg%
cont ai ni ng condat{yiveryogesda and 34b are formed through methods,
materi al s and di nensions equivalent to the nethods, materials and

di mensi ons t hrough which are forned the patterned first copper containing

conductor |ayers 26a and 26b. .
13. A Chemical-Mechanical Polish (CMP) slurry composition for

planarizing a copper cgntaiﬁing layer comprising:

a halogen radical_producing specie; and

2 non-aqueous coordinating solvent.

%

14. The Chemical-Mechanical Polish (CMP) slurry composition
of Claim 13 further comprising a copper containing layer to be
Chemical Mechanical Polish (CMP) planarized employing the
Chemical-Mechanical ‘Polish (CMP) slurry composition, the
copper containing layer containing at least about 80 percent

copper.

15. The Chemical-Mechanical Polish (CMP) slurry composition
of Claim 14 wherein the copper containing layer has a

thickness of from about 3000 to about 10000 angstroms.

16. The Chemical-Mechanical Polish (CMP) slurry composition
of Claim 13 wherein the halogen radical producing specie is a

chlorine radical producing specie.



Upon form ng the patterned second copper containing conductor |ayers 34a
and 34b, there is forned the integrated circuit of the preferred

enbodi ment of the present invention. The integrated circuit of the
preferred enbodi ﬂ “‘mm Mﬁ i nvention has formed therein multiple
copper conta|n| u"u“Mu I tact studs and nultiple patterned copper
contai ni ng conductor Fay®rs® The nultiple copper containing conductive
contact studs - 25 - and multiple

" patterned copper containing conductor Tayers are forned through
' planar|2|ng bl anket copper containing conductor |ayers through the

Chem cal - Vechini cite idendfatopdnds AT, koot FBrel s Girran eoppesanton

;)P\éfegﬁirgg- err%octzzlearrJié\“ntl6 %ekétﬁem cgclthq'r\/g Ean caféggg?wéﬁgdﬁgf%g fsrt the
pl anari zi ng cressesl Dfoni Rewed Ige apt oE%‘ED&tQ{E agh i rgf:%ta%&ﬂg ggbféé ment
of the Chem cal - Mechani cal lish (CWMP) slurry conposition 0f the present

i nventi on areonsimtEiggoftd¢i~coperdiclony and Mydrochilbronchddigie Faabcdi miting
of the present |nvent|on Revi sions may be nmade to nethods, materials,
structures dikPducing species.

18. The Chemical-Mechanital Polish (CMP) slurry composition
of Claim 16 wherein the chlorine radical contributing specie

is carbon tetrachloride (CCl4).

19. The Chemical-Mechanical Polish (CMP) slurry composition
of Claim 13 wherein the non-aqueous coordinating solvent. is
chosen from the group of non-aqueous coordinating solvents

consisting of acetonitrile (CH3CN), Tetra-Hydro-Furan (THF)
and Di-Methyl-sSulf-Oxide (DMSO). |

20. The Chemical-Mechanical Polish (CMP) slurry composition
of Claim 13 wherein the non-aqueous coordinating solvent is

Di-Methyl-Sulf-Oxide (DMSO).

21. The Chemical-Mechanical Polish (CMP) slurry composition
of Claim 13 wherein the non-aqueous coordina;ing solvent is
Di-Methyl-Sulf-Oxide (DMSO) and the halogen radical producing
specie is carbon tetrachloride (CCl4) at a DMSO:CCl4 volume

ratio of from about 10:1 to about 0.1:1.



di rensi ons t hrough and upon which is practiced the Chem cal - Mechani cal
Polish (CWP) planarizing nmethod of the present invention and the

Chemi cal - I\/Ecthl urry conposition of the present
i.nvention whilestill provi em cal - Mechani cal Polish (CWP)

pl anari zi ng net e\m m&g\fm Mechani cal Polish (CWP) slurry

conposi tions w :\m‘\ t and scope of the present invention.

What is clained - 26 - 1. A

met hod for Chem cal - Mechani cal Polish (CWMP) planarizing copper containing
| ayers within integrated circuits conprising: providing a

sem conduct or. ub rm.n t he sem cqonduct or substrate a
patterned sU 22t ra%l f:gﬁﬂf'cal"‘e‘% E QH'M (FMBYd SIySRY: Fempasieiond

substrate la | @Rk and pl anari zi ng
t hrough a Ch)é’%r g;lilaiﬂ iga§§0§%§ |"%h%%gk/g)gg +%a§rjiv2| Ewﬁgfhod t he bl anket

copper containing layer, the planarizing being acconplished with a
Chemi cal - Mechani cal :
23. The Chemical-Mechanical Polish (CMP) slurry composition

of Claim 22 wherein the abrasive powder" is selected from the”
group of abrasive poﬁders c_ons'iéting of alumina abrasive

powders, silica abrasive powders and titania abrasive powders.



Polish (CWP) slurry conposition conprising a non-aqueous coordinating

sol vent and a hal ogen radi cal producing specie. 2. The nethod of Caim
1 wherein the patterned substrate layer is a patterned dielectric
substrate | ayer. 3. The nethod of Claim2 wherein the thickness of the
patterned dielectric substrate layer is fromabout 3000 to about 10000
angstrons. 4. The nmethod of daim 1 wherein the blanket copper
containing |layer contains at |east about 80 percent copper. 5. The
met hod of Claim 1 wherein the thickness0f the
- 27 - bl anket copper containing layer is from about 3000 to about
10000 angstllliiil‘tlﬁD AND gl.unxrr@msmenm SEMECAL-MEC ; OLESH (GUP)
produci ng specie is a chl d?f &BPREY ALK R AAYER

ABS'I’RACT OF THE DISCLOSURE

A Chemical-Mechanical Polish (CMP) plénarizing method and
a Chemical-Mechanical Polish (CMP) slurry compasition for Cnemiéal-
Mechanical Polish (CMP) planarizing of copper metal and copper
metal alloy layers withi'n,. intégrated circuits. There is first
provided a semiconductor substrate having formed upon its surface
a2 patterned substrate layer. _Formed within and upon the patterned
substrate layer is a blanket c;:pper metal layer or a blanket copper
metal alloy layer. The blanket copper metal layer or blanket
copper metal alloy layer is then planarized through a Chemical-
Mechanical Polish (CMP) plana_rizing'method employing a Chemical-
Mechanical Polish (CMP) slurry composition. The Chemical-

Mechanical Polish (CMP) slurry composition comprises a non-aqueous

coordinating solvent and a halogen radical producing specie.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



7. The nethod of Claim®6 wherein the chlorine radical producing specie is
chosen fromthe group of chlorine radiical producing species consisting
of Cl-C2 perchloro and hydrochloro chlorine radical produci.ng species.
8. The nethod of Claim6 wherein the chlorine radical producing specie is
carbon tetrachloride (CCl14). 9. The nethod of Cdaim 1 wherein the
non- agueous coordi nating solvent is chosen fromthe group of non-aqueous
coordi nati ng solvents consisting of acetonitrile (CH3CN),

Tetra- Hydro- Furan (THF) and Di - Met hyl - Sul f 1£%i de (DVSO) . 10. The net hod
of Claim1l wherein the non-aqueous coordinating solvent is

Di - Met hyl - Sul f - Oxi de ( DMSO) . 11. The nethod of Claim1 wherein the
Chem cal - Mechani cal Pok4 CWP) slurry conposition further conprises an
abrasive powder. 12gqg : / - 28 -
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12.  The nmethod of Caim 1l wherein the abrasive powder is selected from
the group of abrasive powders consisting of alum na abrasive powders,

silica abrasive powders and titania abrasive powders. 13. A

Chemi cal - Mechani cal Polish (CWP) slurry conposition for planarizing a
copper containing |ayer conprising: a hal ogen radi cal producing
speci e; and a non-aqueous coordi nating sol vent. 14. The

Chemi cal - Mechani cal Polish (CWP) slurry gpgposition of Caim13 further
conprising a copper containing |layer to be Chem cal Mechanical Polish
(CWP) pl anari zed enploying the Chem cal-Mechanical Polish (CW) slurry
conposi tion, the copper containing |ayer containing at |east about 80
percent copper. 15. The Chqgi%ﬂl-wbc caI P h (CW) slurry
conposition of Caim 14 wherei e coppgr cont ai g layer has a

t hi ckness of from about 3000 to jabout 100P0 angstr qms. 16. The

Chemi cal - Mechani cal Polish (CGW)\slurry cqnposition\ of Caim 13 wherein
t he hal ogen radi cal J_\rndurl ng..spaci ls.atchlorinelradical producing

speci e. 20a J__—ZOC
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- 29 - 17. The Chem cal - Mechani cal Polish (CWP) slurry conposition of
Claim716 wherein the chlorine radical producing specie is chosen fromthe
group of chlorine radical producing species consisting of CL-C2 perchloro
and hydrochl oro chlorine radical producing species. 18. The

Chem cal - Mechani tal Polish (CW) slurry conposition of Caim1l6 wherein
the chlorine radical contributing specj is carbon tetrachl oride (CCl4).
19. The Chem cal - Mechani cal Poli sh (Cl\ﬂ()i slurry composition of Caiml13
wherei n the non-aqueous coordinating solvent is chosen fromthe group of
non- aqueous coordi nating solvents consisting of acetonitrile (CH3CN),
Tetra-Hydro-Furan (THF) and D - Met hyl - Sul f - Oxi de ( DMSO) . 20. The

Chem cal - Mechani cal Polish (CWP) slurry conposition of Caim1l3 wherein

t he non-aqueous coordinating solvent is Di-Methyl-Sulf-Oxide (DVSO).

21. The Chem cal - Mechani cal Polish (CWP) slurry conposition
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O O aim 13 wherein the non-aqueous coordinating solvent is

D - Met hyl -sul f-oxi de (DMSO) and the hal ogen radi cal producing specie is
carbon tetrachloride (CCl4) at a DVSO CCl4 volune ratio of fromabout 10:1
to about 0.1:1. 22. The Chem cal - Mechani cal Polish (CW)
slurry conmposition of Claim13 further conprising an abrasive powder.

23. The Chenical - Mechani cal Polish (CWP) slurry conposition of Caim22
wherein the abrasive powder is selected fromthe group of abrasive powders
consi sting of alum na abrasive powders, 4g4lica abrasive powders and

titani a abrasive powders.
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