BARR| ER- SLURRY-.FREE COPPER CMP PROCESS This application is related to
‘co-ipendi ng application serial nunber filed and entitled " " with docket
nunber TSMC 03-299. FIELD OF THE | NVENTI ON The present invention rel ates
.generally to sem conductor fabrication and nore specifically to polishing
sem conductor netal |ayers. 1 BACKGROUND OF THE | NVENTI ON Duri ng

net al / copper chem cal nechani cal polishing processes; three
films/materials are encountered. 1) A patterned dielectric |ayer, usually
silicon oxide (oxide), within which an opening is fornmed; 2) a barrier

| ayer which lines the oxide |ayer opening and covers the top of the
patterned oxide |ayer;.and 3) a netal |ayer, usually copper, forned over
the patterned di.electric layer, filling the barrier 1ined opening. In
order to planarize, or polish, the netal layer to forma planarized netal
structure within the barrier lined opening in the dielectric |ayer,.a
variety of polishing steps with various slurries are enployed. U.S. Patent
No. 6;217,416 Bl to Kaufman describes a first and second

BARRIER-SLURRY-FREE COPPER CMP PROCESS

This application is related to co-pending application serial number
, filed and entitled “

* with docket number TSMC 03-299. |

FIELD OF THE INVENTION

The present invention relates generally to semiconductor fabrication

-and more specifically to polishing semiconductor métal layérs.




.CMP sturry wherein the second. slurry includes an abrasive, an oxidizing
‘agent and acetic acid wherein the weight ratio of oxidizing agent/acetic
agent is at least 10 and wherein the two slurries are sequentially used in
a nethod to polish a substrate containing copper and containing tantal um
or tantalum oxide or both tantalum and tantalum oxide. U S. Patent No.
6,338,744 Bl to Tateyana et al. describe a high purity polishing slurry
conprising water and di spersed silica particles. 2 U S. Patent

No. . 6, 261, 158 Bl to Holl and et at describes a nulti-step CM system used
to polish a wafer to form netal interconnects in a dielectric layer upon
whi ch barrier and netal gﬁﬁiéégfﬁyn 8% U S. _Patent No. 6,447,371
B2 to Brusic Kaufman et &= S HeS—a ani cal polishing
slurry useful for copper/tantalum substrates. U S. Patent No. 6,313,039 Bl
to Small et al. describes a chem cal nechanical polishing conposition and
process. .U:S. Patent No. 6,530,968 B2 to Tsuchiya et al. describes a
‘chenical  nechani CBlurig! ingbil G ped chitmicil mechaxucal polishing processes, three

films /materials are encountered. 1) A patterned dielectric layer, usua]ly sﬂlcon
ox1de_(ox1de), within which an opening is formed; 2)a barrier Iayer which lines the
oxide layer opéning and covérs the top of the patterned oxide :layer;-and 3) a metal

) - layer, usually copper, formed over the patterned dieléctr_ic layer, filling the barrie1; .
| . lined opening. In order to planaﬁze, or polish, the metal layer Vto for;trl a planarized
metal structure within the barrier ]med opemng in the d1e1ectr1c layer,.a Varlety of

~ polishing steps with various slurries are employed.

U.S. Patent No. 6,217,416 Bl, to Kaufman describes a first and second

oMP slurry wherein the second sluiry includes an abrasive, an oxidizing agent and

acetic acid wherein the weight ratio of oxidizing agent/‘ acetic agent-is at least 10
and Whei-ein the two slurries ﬁe seqﬁentially used in a method to polish a substrate l‘

- ‘Containing copper and containing tantalum or tantalum oxide o‘r.both tantalum and

tantalum oxide.

~ US. Patent No. 6,338,744 Bl to Tateyama et al. descrlbe a hlgh purity

pohshlng sIurry comprising water and dlspersed sitica parﬁcles




SUMVARY OF THE | NVENNnON Accordingly, it is an aimof the enbodi nents

“di scl osed herein to provide an inproved method of polishing metal |ayers.
In a first aspect, there is provided a nethod of polishing a netal |ayer,
conprising the steps of: providing a structure having an upper patterned
dielectric layer, the patterned dielectric |layer having an openi ng fornmed
therein; formng a barrier |layer over the patterned upper dielectric |ayer,
the barrier layer lining the opening; formng a netal |ayer over the
barrier layer, filling the opening conducting a first polish step enpl oying
a-frst slurry conposition, the first polish step renoving a portion of the

overlying netal I onduct j secon lish step enpl oying the first
slurry conpositi 0?1[?‘/[%; ﬁ@ge%gg%néi&g[oﬂl%ﬁfﬁ q-%&ﬁt Sthiln gesaibas 4 prafitsier enoved
overlying netal |ayer -and exposing. portions of the barrier |ayer overlying:
the pat teMReyatgpaisedite lpolish aovafay tr formomdtat fitegeomniebisritl apdielestriclgpr

enpl oyi ng a second slurry conposition, the third polish step renoving. the
exposed s welicH Bateler RAA inh&ABIa38E I¥BP3ERHrmed. ’ ' :

U.S. Patent No. 6,447,371 B2 to Brusic Kaufman et al. describes a

chemical mechanical polishing sturry useful for copper / tantalum substrates.

L

| U.S. Patent No. 6,313,039 Bl to Small et al. describes a chemical

- mechanical Poﬁshjng composition and process.

USS. Patent No. 6,530,968 B2 to Tsuchiya et al. describes a chemical |

meéhanical polishing slurry.



underlying portions of the patterned upper dielectric layer; and conducting
a fourth polish step enploying the second slurry conposition. and BTA, the
fourth polish step buffing the exposed upper dielectric |ayer portions 4
In a second aspect, there is provided a nethod of polishing a netal |ayer,
conprising the steps of: providing a structure having an upper patterned
dielectric layer; the patterned dielectric |layer having an opening forned
therein; formng a barrier |ayer over the patterned upper dielectric |ayer,

the barrier. layer lining the openlng, . formng a netal |ayer over the
barrier layer, filling the caondu a first polish step on a
first platen enploying a fiTst st u,.“é‘?l* e gm% he firstpolish step

renoving a portion. of the overlying netal |ayer; conducting a second polish
step -on a second platen enploying the first slurry conposition, the second
polish step polishing the partially -renmoved overlying netal |ayer and

exposi ng. portions gf. agrier verlying the patterned upper
diiel ectric |ayer; condﬁﬁt& oIS (38 p‘bfl ?‘QW“&OQHHW t theclosdolmdkeip | tatp@avide an
errpl oying a s eEppgved method of pohshmg metaI layers.

In a ﬁrst aspect, there is prov1ded a method of pohshmg

a metal layer, co ising
the steps of : i ‘ e

;uuwuhnvashuchuehmwnaanuyperpamaneddudainthmnthe

_ paﬂenuxiduﬂaﬁnchqmnlwnungancqxxungfbnmedtha&my

ﬁxmnngalmnuxhgmwcwer&w;x&&uned1qqudgﬂ91nckqertheb&nxr
kq@rhnuq;&uuqun;,

| ﬁannnq;anxtﬂhqmmcwerﬂuﬂanerkqmmiﬂhngthnopennq;

conduemmgaﬁnw;xﬂwhsﬁqnanpknungaﬁistdunyxnnquﬂnxuthefhst
pohdnﬁgpranowmga;xmhonofﬂuunmxbnnmdn@&dhqmr
_ conducungaseaxuipohshs&qmenqﬂoynygﬂmyﬁﬁkshutyconqunnxythe
9%nnd[xﬂwhsmp1x%mmng1hepm&mﬂynmmovedowmhnngnxmﬂhgwmand
_~expomnggxmhonspfﬂx;bmmm:hqmm(nmmbdnglhepaWQmwdthwrdkﬂaiﬁclqwxy
| anuhxmngajhndlxmahwwpenqﬂoynq;aaanndshutyconqxwﬁnnmthe
ﬁunipohdmmmpreumwnq;ﬂk{mpomaibmmmmkqmrpoﬁnnwandexpmnng
JuukrbnngPoﬂxnsof&@;mﬂanwdiqmmrdkd&iﬁckwenand

_coqducﬁngafbuﬂh;xﬂmhskgugnpkndnggheaxnndshuxycoﬂqxxﬁﬁon'

d BTA ish s ' : |
an .'QA»theﬁmuﬂhgohshsﬁq;buﬁhq;ﬂu§expogxiupperdﬁi&iﬁchg%xlxxikns



slurry conposition, the third polish step renoving The exposed barrier

| ayer portions and exposing underlying portions of the patterned upper
dielectric layer; and conducting a fourth polish step on a third platen
en, npl oying the second slurry conpositionand BTA, the fourth polish step
buffi ng the-exposed upper dielectric |ayer portions. 4a In a third aspect,
there is provided a nethod of polishing a netal |ayer, conprising the '
steps of: provigjngg ruct ure havin upper patterned dielectric |ayer;
the patterned r}’le‘gct §(I§C eé:ge erﬁa\?ﬁ‘l‘gé g pbrackishiegér metel Japeri ng a
barrier Iaﬁ@@@@ﬂ@gﬁmh@pmditerned upper dlelectrlc | ayer, the barrier |ayer
l'ini.ng-the opening; formng a netal |ayer over the barrier layer, filling

t he opening; co S olish ste | o flrst slurry
conposition, th mnkgd%&hﬁ’e%ﬁ E’ %ﬁ%ﬁ/ ilayeretheyer | vi ng
met al Iaye . wher the first slurr osition is 600y-73 slurry
manuf act ur & %iﬁé%meéﬁﬁﬁ 'EPE@#KEﬁnﬂﬁggﬂmSédhﬂfﬁb

forming a barrier layer over the patwi'ned upper dxelecmc layer, the barrier

layer lining the opening;

forming‘a metal layer over the”}Janier I&yer, filling H1¢ opening.:
conducting a first polish, step on a first platen émpldying a first slurry
-composition, the first polish step reinoving a portion of the overlying metal layer;
conducting a second polish s;bep on a second platen employing ﬁle first
shu:yconquﬁknyﬂuﬂkammipoﬁdhs&q:poﬂﬂﬁngihe;uuﬁhﬂyfeuuﬁed '
-cweﬂyhu;#w&dhq¢mande¥pmﬁngpoﬂﬁnwcﬁ%hebm:kmkqerowmhﬁngthe
p&&m:wdﬁqqudkkm&kh@mn |
amuhmﬁngaih&dpbﬁdimgponthemxnmdphﬁmnenmmndngaéemnui
dmuycoﬁqxwﬁ#nyﬂuﬂhhdpoﬁﬂ;ﬂgpnanaﬁggﬁ#uapa%ﬂtﬁnﬁrkgmr
poﬁkmmgndgkpaﬁqgundmhﬁng;xuﬁoﬁsOf&mlxd&mnaiupéerdkﬂaﬁgckq@n
and | |
- conducting a fourth polish step on a third platen employing the seoc;nd
dunywxnnpomhonandIﬂYLiheﬁmuihpohﬂ1€gpbuﬁnur

the-exposed upper -
dIEIECt[‘lC Iayer portions.

4a



AV)3: fromabout OAto 0.6 wt % H2Oz: fromabouta6 to 3.4 wt % KOH to
adj ust pH val ue, and BTA as a corrosion behavior inhibitor conducting a
second polish step enploying the first slurry conposition, the second
polish step polishing the partially renoved overlying netal |ayer and
exposing portions of the barrier |ayer overlying the patterned upper
dielectric layer; 4b conducting a third polish step enploying a second
slurry conposition, the third polish step renoving the exposed barrier

| ayer portions and.exposin under|lyi ng portions of the patterned upper
dielectric | ayefﬁl; g\%}@raé?‘?‘ft't e ésélf‘é‘ﬁéed smgthpg of pelirbiigtd motal Ry&Sorbprising/
manuf act ur & stgps Gbot M croel ectronics conprised of SiO2: from about 5.8
to 6.2 Wt % and KOH to-adjust pH value; and conducting a fourth polish

step enpl oyi ng #dae; 204, . osition, and from about 0.10 to 034%
BTA, the fourtﬁspolis st ep Hu ‘?ﬁ%gﬁﬁgpg%%%%gae Giddectric layer; the
patterned dielectric layer having an opening formed therein;

| forming a barrier layer over the patterned upper dielectric Iay;ar, lile barrier
kgmnlhﬁngtheoﬁenﬁg;
-ﬁnnﬁggajnehqumn(Némthebanﬂmﬂayenfﬂﬁngthéopenﬁy#
cmﬂhxﬁngajhstpoﬁﬂlmgpenqﬂqﬁmgaiimtshuryconquﬂﬂnytheﬁnﬁlxﬂkh
_ stqnIenundngzipoﬂinlofthe(nmwbﬁnglnehﬂ_kq@n n&@ﬂﬁniheihstshnty
'qnnpoﬁﬁonis60Qr73shuqynnnndhﬂhue&InrChboth&kmmﬂbc&onkscouqnﬁﬁd
of: |
ALO;: from about 0.4 to 0.6 wt. %;
Iﬁﬁhﬂhnnahmmzﬁtoééunﬁ%;
KIHIhJadﬁuigiivaﬁuzaﬁd |
BTA as a corrosion behavior inhibitor
-anuhmﬁnggseanuipoﬁﬂlﬁgpen@mndngtheﬁﬂﬁshnnyamnpoﬁﬁnn,&m
&xamdpoﬁdlmgppoﬁdﬁngthepaﬁﬁ&@ufnuwédqveﬂyﬁy;uwtﬂhnmwand

expodng;xgﬁongofﬂyabmnkmh@mn(ﬂ&ﬂb&ﬂgth&f@ﬂﬁnuﬁiupﬁerdkﬂaiﬁckgmn

4b



dielectric layer portions. O her
w | appear hereinafter. It has
ot her aimof the disclosure may
Specifically, a structure having
an opening therein is provided.
patterned upper dielectric |ayer
fornmed over the barrier

| ayer .

metal |ayer;

o ovi a4 SAnG RO e aidisele

) | ayer, filling the.
- enpl oyi ng a feomstuctnga third polixidtép éﬂﬁpl@'iﬁ%@%h&@lﬁ&y céﬁgegiﬁoﬁ, gpgrtion of
s

- the overlying netal A second poli

ifigtheRQpbsid ﬁé}ﬁepﬁg%ﬂrfﬁléu&é

and"to expose

fiiee disiocs et

aimof the enbodi nents di scl osed herein
now been di scovered that the above and

be accomplished in the foll owi ng manner.
an upper patterned dielectric layer with
A barrier layer is forned over the

and lining the opening. A netal |ayer is
opening. -A first polish step

the- first slurry

ved qverlying- 4c --
gﬁateﬁ’%o%%gri er |ayer '

hird_polish step
e fhegeeondhe exposed

step enployin

ons

barrier r.porti.ons d.exposing underlying portions of the patterned
upper di%i eﬁf?f}%’@w%ﬁﬂ#wm%deé@mwm second slurry

conposi tion and BTA is-conducted to buff the exposed upper dielectric

| ayer p&PEIRSEd of

SiOz: from about 5.8 to 6.2 wt. %; and
. KOH to adjust pH value; |
and |
_ ‘conducting a fourth polish step employing the second slurry composition
-and from about 0.10 to 0.14% BTA, the fourth polish step buffing the exposed upper

dielectric layer portions.

Other aim of the embodiments disclosed herein wiil appear hereinafter.

It has nov&} been discovered that the above and other aim of the
disclosure 1r;ay be accomplished in the following manner. Specifically, a -
.SUHchue]uﬁdngzulupper;mﬂennxldkﬂéﬁﬁc]ﬁya:uﬁﬁtaﬁ(ﬂxﬂﬁng;henﬁ;is__
~provided. A barrier layer is for_mec.i over the patterned upper dielectric layer and
ihﬁng ﬂu:opqﬁng.Atnmmﬂ.kq@fisfbnnedtnmrtheIxmﬁerlayanfﬂﬁng'ﬂw
opening. .A first pblish step employing a first slurry composition is conducted to
remove a portion of the overlying metal layer. A second polish step employing the

first slurry composition is conducted to: polish the partially removed overlying

4c



4d BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will be nore -
dearly understood fromthe follow ng description taken in conjunction with
t he acconpanying drawings in which Iike reference nuneral s designate
simlar or corresponding elenents, regions and portions and in which:

Figs. 1 to 5 schematically illustrate a preferred enbodi nent of the
present invention. 5 DETAILED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT
"Processes Known to the Inventors - Not to be Considered Prior Art The

f ol | owi ngTtaklayeyppet te beposeaportimb F thalbapabs ﬁ}jepg)vgi.%ﬁigagtr&ﬁk g\évn

to the inventors and are not to be considered prior art-f

of this ifappst HRMlectEor: UG he barrier layer iis tantalumnitride

(raN), thep9di el ectri gyﬁeé(l%er | speé%n%%%e%'? %@38%?@%#%melﬁpnﬂayer

IS copper ' hree ol.ishing options are currently used: (1) Cu slurry

pol ish - >°‘£Fé%c§?%?’9 M‘a‘ff')ff die exposed bapmerday erperiions ;and exposing underlying
portions of the patterned upper dielectric Iayer. A fourth polish step employing the
second slurry composition and BTA is conducted to buff the exposed upper

- dielectric layer portons,

"4d



(2) €u slurry polish -> TaN slurry polish -> oxide slurry buff (w BTA to
'sel ectively not remove Cu); and (3) Cu slurry polish -> (clean) -> TaN dry
etch. However, options (1) and (2) require consunption of an expensive TaN
slurry in order to renove the TaN barrier |ayer fromover the top of the
patterned oxide |layer; and option (3) requires extra dry etch tools to
renmove the TaN barrier |ayer fromover the top of the patterned oxide

| ayer. The use of either 6 of these three nmethods nmakes it difficult to

i nprove the throughput of the Cu CMP process. Present Invention - Initial
Structure - Fig. 2 Fig.1lillustrates the initial structure of the present

i nvention. Structure } | 1 G.layer 12 fornmed

t hereover to a thi ckngggﬁgrﬂﬁt%régw?g{%ﬁé?. L%ﬁmoo to 12, 000A and
nore preferably about 11, 100A. Structure 10 is preferably a silicon
substrate and is understood to possibly include a sem conductor wafer or
substrate, active and passive devices forned within the wafer, conductive

| ayers and di el ect¥ec prepgat dnventipn willt be -0ty clearly understood from the

following description taken in conjunction with the accompanying drawings in
which like refe;ence numerals designate similar or corresponding elements, regions

and portions and in which:

Figs. 1 to 5 schematically illustrate a preferred embodiment of the

_ present invention.




oxide (I1PO, internetal dielectric (M), etc.) forned over the wafer
‘surface. The term "sem conductor structure" is meant to include devices
formed within a sem conductor wafer and the |ayers overlying the wafer.
Patterned dielectric layer 12 is preferably conprised of silicon oxide,
silicon nitride (SiN), FSG or silicon oxynitride (SION) and is nore
preferably silicon oxide. 7 Patterned dielectric layer 12 includes an
opening 14 forned therein which may be a dual danascene openi ng as shown
inthe figures. A barrier layer 16 is preferably formed over patterned
dielectric 12, |Ilining opening 14. Barrier Iayer 16 is preferably formed by

el ect r o- chem EET TN IESCREVION OFHIEPREYERS 7V/D) and nore
preferably by_pmﬂm'ﬂ_ﬁﬁ‘](a‘ HEEY < Ay e

t hi ckness of preferably from about 250 to 350A “and nore pr ef erably about
300A. Barrier layer 16 is preferably conprised of TaN or Ta and is nore-
TaN A rret al Iayer 18 |Ls\Ithen f or med over barrier |ayer 16, at

r 18 is preferably

.forrred by el ectro-

The following metal/copper chemical mechanical polishing processes -
are known to the inventors and are not to be considered prior art for the purposes

-} of this invention.

- For example, when tﬁe barrier layer is tantalum nitride (FaN), the .
dielectric layer is silicon oxide (oxide) and the ‘metal.layer is copper (Cu), three
. polishing options are currently used:
.-(1) Cu slurry polish -> TaN slurry polish (w/orw/o oxide rate);
(2)-Cu sturry polish -> TaN slurry polish -> oxide sturry buff (w/ BTA to
| selecﬁvely not remove Cu); and

(3) Cu slurry polish -> (clean) -> TaN dry etch.

. However, options (1) and (2) Tequire consumptioh of an expensive
TaN slurry in order to remove the TaN barrier layer from over the top of the
" patterned oxide layer; and option (3) requires extra dry etch tools to remove the

' VTaN barrier layer from over the top of the patterned .oxide layer. The use of either




.chem cal plating (ECP). Metal |ayer 18 has a thickness of preferably from
"about 6000 to 8000A and nore preferably about 7000A. Metal |ayer 18 is
preferably conprised of copper (Cu), alumnum (A) or gold (Au) and is
nore preferably copper (Cu). 8 PCOLI SHI NG OF METAL LAYER 18 - FIGS 2 - 4 As
di scovered by the inventors of the present invention, neither a
barrier-layer-specific slurry nor a barrier-layer-etch are necessary to
renove the barrier |ayer 16 over the patterned dielectric layer 12. Only
two different slurries are needed to polish/renove three different types
of films (netal layer 18, barrier layer 16 and patterned dielectric | ayer
12) . 9. RiffthbseShee PR r ImPE gfgﬁﬁ Mp 9. 2
As shown |n Fig. 2, the ®g§§%fgygﬁkﬁgﬁg E&§Hmﬁhﬂ&ﬁ rEFace upon -a
first: pI |n a polishing tool and polished with a Flrst Slurry
Cbnp05|t|on polish/renove the bul k of netal |ayer 18 |eaving reduced
metal | ayer 18' having a thickness of preferably from about 2000 to- 4000A
and nore preferably about 3000A above the barrier-layer-16-1ined patterned
dielectric layer 12.

Present Invention - Initial Structure - Fig. 2

Flg Tillustrates the initial structure of the presentinvention. Structure
10 mcludes patterned dlelectnc layer 12 formed thereover to a thickness of

preferably from about 10,000 to 12,000A and more preferably about 11,100A. '

Structl%re 10 is preferably a‘silicon substrate and is understoo& to

possibly include a semiconductor wafer or substrate, active and passive devices

| formed within the wafer, conductive layers and dielectric layérs (e.g., inter—polf

‘oxide (IPO), intermetal dielectric (IMD), etc.) formed over. the wafer surface. The
‘term ”senﬁcbnductor structure” is meant to include devices formed within a

semiconductor wafer and the layers dverlying the wafer.

Pattemed dielectric layer 12 is preferably co'mprised of silicon oxide,

51I1c0n mh'xde (SIN) FSG or silicon oxynitride (SiON) and is more preferably silicon

0X1de




The First Slurry Conposition is conprised of 600y - 73 Slurry wherein:
'600y-73 Slurry - Cabot copper (Cu) film polishing slpEy (manufactured by
Cabot M croel ectronics 8A-7, No. 26, Tai-Yuan St. Chu Pei Hsin Chu Hsien
Tai wan, 203 R O. C.) conprised of A1203: preferably fromabout 0.4 to 0.6
wt. %and nore preferably about 0.5 wt. % 1-1202: preferably from about
2.6 to 3.4 w %and nore preferably fromabout 2.8 to 3.2 wt. % KOH to
adj ust pH val ue; and benzotriazole (1-H benzotriazole or BTA) as a
corrosion behavior inhibitor; and having 10 a) pH preferably from about
2.8.to 4.3 and nore preferably about 4.1; and b) size of particles:

Dot 120710 350" s rya? chenEe es 12l aResh i L RA RopliGl SRR [T 01
Vet or 1 o WP ey B A Hoaep i RRREn LN B Lo SH BEBol nt S5t e
thi ckness nonitor using eddy current to catch.
A barrier layer 16 is preferably formed over patterned dielectric 12,
lining opening 14. Barrier layer 16 is preferably formed by élec&o-&emcﬂ Plaﬁﬁ . .
i (ECP) or physical vapor depogif:io'n (PVD) and- more preferably by physical vapor

|- deposition (PVD).

Barrier 'layér 16 has a thickness of preferably from about 250 to 350A
~and more preferably about 300A. Barrier layer 16 is preferably comprised of TaN

or Ta and is more preferably TaN.

| | A metal layer 18 is then formed over barriei" layer 16, at least filling
barrier -Iayer—lined-opening 14. Metal layer 18 is preferably formed by electro-

chemical plating (ECP).

Metal layer 18 has a thickness of preferably from about 6000 to 8000A
and more preferably about 7000A. Metal layer 18 is preferaﬁly comprised of

copper (Cu), aluminum (A]) or gold (Au) and is more preferably copper (Cu).




polishing end tinme) at (1) preferably fromabout 2.0 to 2.4 psi and nore
‘preferably about 2.2 psi for preferably fromabout 36 to 44 seconds and
nore preferably about 40 seconds (by end-point); and then (2) preferably
fromabout 1.0 to 1.4 psi and nore preferably about 1.2 psi for preferably
fromabout 18 to 22 seconds and nore preferably about 20 seconds (by

tinme). Second Step Polish - Second Platen - First Slurry Conposition Fig. 3
As shown in Fig. 3, the wafer/structure of Fig. 2 may be transferred to a
second platen in the polishing tool and then polished with the First Slurry
11 Conposition described above to polish the netal |ayer 18 surface 19 and

to expose the porti QPOLRMINGG OF MIATAL EAYAYEE - Hia@verd Vi ng the patterned
dielectric layer 12. m,—mt_eﬂg‘am_'g‘fpol i sh/ barrier

| ayer 16 exposure, polish is a |low pressure polish using Full Scan
Endpoi nt (Applied Material In Situ Rate Mnitor (|ISBN) Endpoint System
using a |laser beamtao_catch polishing end tine) at preferably from about
1.0 to 1.4 psi and“héissoypreddraishe iaventorst of thes iprésent imveftorahiejtier am about
41 to 49 seconds and nore preferably about 45 seconds (by

barrier-layer-specific slurry nor a barrier-layer-etch are necessary to remove the
-barrier layer 16 over the patterned dielectric layer 12. Only two different slurries
are needed to polish/remove three different types of films (metal layér 18, barrier

"

. layer 16 and patterned dielectriclayer 12). .




end-point) Third Step Polish - Second Platen - Second Slurry Conposition -
"Fig.” 4 As showmn in Fig. 4, the wafer/ structure of Fig. 3 is then polished
with a Second Slurry Conposition on the second platen to renove the
portions 20, 22 of barrier layer 16 overlying the patterned dielectric

| ayer 12 to expose potions 24, 26 of the underlying patterned dielectric
| ayer 12. The Second Slurry Conposition is conprised of SS6 Slurry wherein:
12 SS6 Slurry- Cabot Sem -Sperse(r) polishing slurry (al so manufactured by
Cabot M croel ectronics 8A-7, No. 26, Tai-Yuan St., Chu Pei, Hsin Chu
Hsien,.. Taiwan, 203 R Q C) diluted to 25% for solids for pol.ishing
cormrlse]ph.é&fste PSBsh PRE d . % and nore -
preferably a R X ast— &e: and having a) pH
preferably fron1about 9 8 to 11.4 and nDre preferably fromabout 10.0 to
11.2 ; and b) size of particles: preferably fromabout 125 to 185 run,

wei ght basis and nore :

‘As shown in Fig. 2, the wafer/structure of Fig. 1 may be placed upon

a first platen in a polishing tool and polished with a First Slarry Composition to,
polish/remove the bulk of metal layer 18 leaving reduced metal layer 18 havmg a

thickness of preferably fro:m about 2000 to 4000A and more preferably about SOOOA

N

above the barrier-layer-16-lined patterned dielectric layer 12.
The First Shurry Composition is comprised of 600y - 73 Shurry wherein:

600y-73 Slurry - Cabot copper (Cu) film polishing slurrvimanufachued by

Cabot Microelectronics, 8A-7, No. 26, Tai-Yuan St.. Chu Pei, Hsin Chu Hsien,

Taiwan, 203 R.0.C.) comprised of:

Al2QOs: preferably from about 0.4 to 0.6 wt. % and more preferably about 0.5
wt. %;

H202: preferably from about 2.6 to 3.4 wt. % and more preferably from about
281032 wt. %;

KOH to adjust pH value; and

benzotriazole (1-H benzotriazole or BTA) as a corrosion behavior inhibitor;

‘and having
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preferably fromabout 130 to 180 run, weight basis. This third polish step
is conducted at preferably fromabout 1.8 to 2.2 psi and nore preferably
about 2.0 psi for preferably fromabout 31 to 39 seconds and nore
preferably about 35 seconds (by tine). Fourth Step Polish - Third Pl aten -
Second Slurry Conposition + BTA - Fig. 5 13 As shown in Fig. 5, the wafer/
structure of Fig. 4 may be transferred to a third platen within the
polishing tool and polished with the Second Slurry Conposition with BTA to
buff the exposed portions 24, 26 of the patterned dielectric layer 12 to
form buffed exposed portions 24, 26' of the buffed patterned dielectric

| ayer 12'. From about 0.10 to 0.14% and nore preferably about 0.12%
benzotriazole (1-H benzotriazole or BTA) (ccorrosion behavior inhibitor) is
added to  the SS6 Second Slurry Conposition described above as to be

sel ect i v& P51 pspiestlly roveahout 2§ to 4.38id morapreferabbtatappidcaadl y renove
polished netal |ayer -18"'. This fourth polish step is conducted at

8"'.
pr ef er abbly size efpabedes: %rtﬁeﬁa%l frém MoutaN9 955 nh, %&&@gﬁ%@ﬁ%ﬁe g Opsi for

preferably. fromabout 40 to 60 seconds and nore pre
seconds ( biSréfbfmy from about 120 to 150 nm, weight basis.

This first, bulk metal layer 18, polish is a hlgh ra&, bulk metal
| _‘removal using an iScan Endpoint {Applied Material real time Cu In Situ Rate

Mohitqr {ISRM) Endpgint System thicknéss ﬁnonitor using eddy curren-t to catf;h
polishing end timé). at: | |

~ (1) preferably from about 2.0 to 2.4 psi and more prefefably. about 2.2 psi for “
preferably from about 36 to 44 seconds and more preferably about 40 seconds (by
end-point); and then |

(2) preferably from about 1.0 to 1.4 psi and ﬁloré-pr;eferably about 1.2 psi for |

preferably from about 18 to22 seconds and more preferably about 20 seconds (by

~ time).

Second Step Polish - Second Platen - First Slurry Composition - Fig. 3

As shown in Fig. 3, the wafer/structure of Fig. 2 may be transferred to

- second platen in the polislﬁng tool and then polished with the First Slurry

11




‘Further processing may then proceed. For exanple, the structure of Fig. 5
‘may ‘be cleaned and a silicon nitride (SiaN4 or nitride) |ayer may be
deposited. The inventors have found that besides: (1) being | ess expensive
and sinpler that the processes known to the inventors since neither a
specific barrier- layer-slurry nor an extra barrier-layer-etch-step are
required; and (2) the 14 throughput, i.e. the wafers per hour, is

i nproved; the sane performance is achi eved when polishing copper netal

| ayers 18 in accordance with their present invention including defects,
resi stance (Rs) value and stress nigration (SM test. One of t he nDst

serious robl e ed nult el ra S Iures

ot acked GnPpalpa dhyaibed abou ol Hime Rl el 1 Fhulee Bt hsesse 0"
passing the SMtest bty t he structure(s) formed in accordance with the
met hod  dhe phetignsedle i of barvienldyen 16 overlpinigribie patterned diglestric layer €2s. A
better slope of pattern density-correlating with the Rs value is also

achi eved as conpared to the current processes known to the inventors.
Further, when polishing copper netal layers 18 in accordance with their

present invention t 1oL s ve. found t.hat, di.shin osi on_and

tiger teeth were appr %P%@I@n r%&{‘f@:’ﬂ}’ﬂ ?éj POLQh}bamer laybr fgexPosure’_
polish is a low pressure polish using Full Scan Endpoint (Applied Material In Situ
Rate Monitor (ISRM) Endpoint System using a laser beam to catch polishing end
time) at preferably from about 1.0 to 1.4 psi and more preferably about 1.2 psi for -

_preferably from about 41 to 49 seconds and more preferably about 45 seconds (by

end-point).

Third Step Polish - Second Platen - Second Sluiry Composition — Fig. 4
As shown in Fig. 4, the wafer/structure of Fig. 3 is then polished with
a Second Slurry Composition on the second platen to remove the portions 20, 22 of
: ‘.barrier layer 16 overlying the patterned dielectric layer 12 to expose potions 24, 26

-of the underlying pattérned dielectric layer 12.

The Second Slurry Composition is comprised of S56 Slurry wherein:

12




‘Advant ages of the Present Invention The advantages of one or nore
"enbodi nents of the present invention include: 1. sinpler nethod; 2. |less

expensi ve nethod; 3. inproved dishing, erosion and tiger teeth; 15 4.

i ncreased wafers/hour is achieved; 5.. SMtest passed; and 6. Rs val ue
acceptable. Wiile particular enbodi nents of the present invention have been
il lustrated and described, it is not intended to limt the invention,

except as defined by the following clainms. 16 CLAIMS W claim 1. A

met hod of polishing a netal |ayer, conprising the steps of: providing a
structure having an upper patterned dielectric layer; the

556 Slurry- Cabot Semi-Sperse® polishing slurry (also manufactured by
Cabot Microelectronics, 8A-7, No. 26, Tai-Yuan St., Chu Pei, Hsin Chu Hsien, .

Taiwan, 203 R.O.C.) diluted to 25% for solids for polishing comprised of:

SiOg: preferably from about 5.8 to 6.2 wt. % and more preferably about 6.0 wt.
%; and
KOH to adjust pH value;

and having

a) pH: preferably from about 9.8 to 11.4 and more preferably from about 10.0 to
11.2;and
~ b) size of particles: preferably from about 125 to 185 nm, weight basis and more

preferably from about 130 to 180 nm, weight basis.

R

~ This third polish step is conducted at preferably from about 1.8 to 2.2
psi and more preferably about 2.0 psi for preferably from about 31 to 39 seconds

and more preferably about 35 seconds (by time).

Fourth Step Polish - Third Platen — Second Slurry Composition + BTA - Fig. 5
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patterned dielectric |layer having an opening formed therein; formng a
‘barrier layer over the patterned upper dielectric layer, the barrier |ayer
lining the opening; formng a nmetal |ayer over the barrier layer, filling

t he opening; conducting a first polish step enploying a first slurry
conposition, the first polish step renoving a portion of the overlying
nmetal |ayer; conducting a second polish step enploying the first slurry
conposition, the second polish step polishing the partially renoved :
overlying netal |ayer and exposing portions of the barrier |ayer overlying
the patterned upper dielectric layer; conducting a-third polish step

enpl oyi ng a secon . i {10 the  third.pglish,ste e i ng the
exposed barrier Igv%#%%é¥Fﬁ%g§%§h%“g@%gggﬁﬁhuﬁﬁ@gﬁgafﬂayBS&?&%&?H%¥&{he
patterned upper. dielectric layer; and conducting a fourth polish step

enpl oyi g thiEd Rlateshavitiinrthe pelishiag ttpeh andnpolshrd wmith therSerond| Slurryst ep
buffing the exposed upper dielectric |ayer portions. 17 2. The nethod of

cl ai m 1,Cathpositiont Wwethf BTt t¢ dhifs thet @gposed cp@duﬁs_ eg, 006 aff iHeSpaftbiicdn; the
second and third polish steps are conducted on a second platen; and the

fourth .‘ cﬂéﬂa{;{ﬂe 1§§r&p12- & fb?ﬂldb‘&ﬁtﬁfie%osédtﬁgrﬁgng bt 80« of the buffed patterned

dielectric layer 12’,

From about 010 to 014% and more preferably about 0.12%
- benzotriazole (1-H benzotriazole or BTA) (corrosion behavior iﬁhibitor) is added to
the 556 Second Slurry Coniposition d_eséribed’ above as to be selective to polished

- metal layer 18" so as to not appreciably remove polished metal layer 18".

This fourth polish step-is?(-:onducted at preferably from about 1.8 t0 2.2
-psi and more preferably about 2.0 psi for preferably from about 40 to 60 seconds

and more preferably about 50.seconds (by time).

Further processing may then proceed. For example, the structure of

Fig. 5 may be cleaned and_a silicon nitride (SisN« or nitride) layer may be deposited.

The inventors have found that besides: (1) being less expensive and
sitﬁpler that the processes known to the inventors since neither a specific barrier-

layer-slurry nor an extra barrier-layer-etch-step are required; and (2) the

14



3. The nethod of claim1l1, wherein the first slurry conposition is 600y-73
‘slurry manufactured by Cabot M croel ectronics conprised of A1203: from
about 0.4 to 0.6 wt. % H202: fromabout 2.6 to 3.4 w. % KOH to adjust
pH val ue; and BTA as a corrosion behavior inhibitor. 4. The nethod of claim
1, wherein the first slurry conmposition is 600y-73 slurry manufactured by
Cabot M croel ectronics conprised of A1203: about 0.5 wt. % H2Q2: from
about 2.8 to 3.2 wt. % KOH to adjust pH value; and BTA as a corrosion
behavior inhibitor. 5. The nethod of claim1l, wherein the first slurry
conposition is 600y-73 slurry manufactured by Cabot M croel ectronics

havi ng: of. fr, 8 .4, 3; 8 ' | ze of
from a%?%t’t g'e'l -nv%]%\y\éei%eﬁt h%%éi $ %ﬁ%eg%n%ﬁlg%%?ﬁél{f%ﬁ%ﬂ&c% erein
the first_slurry co ition is 600y-73 slurr

! ‘Sach1se,vléd v¥rhen gg Sﬂmslor coplpgr metgl layerss TPS 1r¥ accordance with their present

invention irldudmg defects, resistance (Rs) value and stress migraﬁon (SM) test.
One of the most serious problems in Cu-based multilevel integration is the failures
in stacked via resistance caus;e;d by stress-induced voids in via holes. So passing the
SM test by the structure(s) formed in accordance with the meth-od- of thé present

invention is the index for Cu-based process.

A better slope of pattern density cofrelating with thg Rs value is also
achieved as compared to the current processes known to the inventors. Fmﬁer,
when polishing copper metal layers 18 in accordance with their present invention,

| the inventors havé found that dishing, erosion and tiger teeth were appreciabljr

reduced.

- Advantages of the Present Invention

- The advantages of one or more embodiments of the present invention
include:
| 1. simpler method;
2. less‘expensive method; _

3. improved dishing, erosion and tiger teeth;

15




.manuf actured by Cabot M croel ectronics having: a) a pH of about 4.1; and b)
"a particulate size of fromabout 120 to 150 nm weight basis. 7. The nethod
of claim1l, wherein the second slurry conposition is SS6 slurry
manuf act ured by Cabot M croel ectronics conprised of: SiQ2: from about 5.8
to 6.2 wt. % and KOH to adjust pH value. 8. The nethod of claima1,
wherein the second slurry conposition is SS6 slurry manufactured by Cabot
M croel ectronics conprised of: SiQ2: about 6.0 wt. % and KOH to adjust pH
value. 9. The nethod of claim1l, wherein the second slurry conposition is
SS6 slurry manufactured by Cabot M croel ectronics having: a) a pH of from
about 9.8 to,11.4: and articul ate size of- fromabout 125 to 185 nm
wei ght basi s % mfﬁéaf&?wf%sﬁé‘%fdﬁﬂs#i‘e&?%i m 1, wherein the second slurry
conposition is SS6 slurr manuf actured by Cabot M croel ectronics having:

. 5M test passed; and

6. Rs value acceptable.
While particular embodiments of the present invention have been

iltustrated and described, it is not intended to limit the invention, except as defined

by the folloWing claims,
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a) a pH of fromabout 10.0 to 11.2; and b) a particulate size of from about -
"130 to 180 run, weight basis. 11. The nethod of claim1l, wherein the fourth
polish step enpl oys the second slurry conposition that is SS6 slurry

manuf act ured by Cabot M croel ectronics conprised of: Si2: from about 5.8
to 6.2 wt. % and KOH to adjust pH value; and from about 0.10 to 0.14%
BTA. 12. The nethod of claim1l, wherein the fourth polish step enploys the
second slurry conposition that is SS6 slurry manufactured by Cabot

M croel ectronics conprised of: SiQ2: about 6.0 wt. % and KQH to adjust
pH val ue; and about 0.12% BTA. 20 13. The nethod of claim1, wherein the-
fourth polish step enploys the secondLASMS ry conposition that is SS6
slurry manufactured by Cabot M croel ectronics having: '

- We claim:

‘1. A method of polishing a metal layer, comprising the steps of:
| providing a structure having an upper patterned dielectric layer; the
patterned dielectric layer having an opening formed therein;
forming a barrier layer over the patterned upper dielectric iayer, the barrier
layer lining the operﬁng; ' | |
formﬁg a metal layer over the barrier lajer, filling the opening;
conducting a first polish stép employing a first slurry composiﬁon, the first
polish step removing a portion of the overlying metal layér; |
conducting a secénd polish step employing the first slurry composition, the
second polish step poliéhim; the partially removed overlying metal layer and
- exposing portions of the barrier layer overlying the patterned upper dielectric layer;
conducﬁng a third polish step employing a second slurry compoéition, the
third pdlish step removing the exposed bérrier layer porﬁons and eprsﬁg |
underlying portions of thg patterned upper dielectric layer; and
conducting a fourth polish step employ:ing the second slurry composition

and BTA, the fourth polish step buffing the exposed upper dielectric layer portions.

17




.a) a pH of fromabout 9.8 to 11.4; and b) a particul ate size of from about
"125 to 185 run, weight basis; and fromabout 0.10 to 0.14 % BTA. 14. The
met hod of claim 1, wherein the fourth polish step enploys the second
slurry conposition that is SS6 slurry manufactured by Cabot

M croel ectronics having: a) a pH of fromabout 10.0 to 11.2; and b) a
particul ate size of fromabout 130 to 180 run, weight basis; and about
0.12% BTA. 15. The nethod of claim 1, wherein: the first polish step is
conducted at fromabout 2.0 to 2.4 psi for fromabout 36 to 44 seconds;
and then at fromabout 1.0 to 1.4 psi for fromabout 18 to 22 seconds; the
second pol2 The statiod of daindlcvieeteiat thé fiosh pdiishtsteh. i6 comductet! grs a firgirplateom

about 41 to 49 seconds; 21 the third polish step is conducted at from about

1.8 10 2. 2h@5écoh@lantl AIRIGRAMih stepd akOcARIRSEDPBA %:se@dHl platen; and the fourth

polish step is conducted on a third platen.

3. The ﬁlethod of claim 1, wherein the first slurry composition is 600y—73; slurry -
manufactured by Cabot Microelectronics cbmprised of: |
) : | ADOs: from about 0410 0.6 wt. % ;
HzOz:. from e;bout 2.6 to 3.4 wt. %;
KQH to adjust pH value; and |

BTA as a corrosion behavior inhibitor.

4. The ﬁemod of claim 1, wherein the first slurry composition is 600y-73 slurry
manufactured by Cabot Microelectronics comprised of:
AlzOs: about 0.5 wt. %;
) | H202: from about 2.8 to 3.2 wt. % ;
KOH to adjust pH Vélue; and

| BTA as a corrosion behavior inhibitor.

5. The method of claim 1, wherein the first shurry composition is 600y-73 slurry
manufactured by Cabot Microelectronics having:

a) a pH of from about 2.8 to 4.3; and
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-the fourth polish step is conducted at fromabout 1.8 to 2.2 psi for from
"about 40 to 60 seconds. 16. The nmethod of claim1, wherein: the first
polish step is conducted at about 2.2 psi for about 40 seconds; and then
at about 1.2 psi for about 20 seconds; the second polish step is conducted
at about 1.2 psi for about 45 seconds; the third polish step is conducted
at about 2.0 psi for about 35 seconds; and the fourth polish step is
conducted at about 2.0 psi for about 50 seconds. 17. The nmethod of claim1,
wherein the structure is a sem conductor substrate. 18. The nmethod of claim
1, wherein the upper patterned dielectric |layer is conprised of silicon
oxi de, silicon thatpaititelate S§Ze of ol algam 10X 01 55mimeveiphebday. ri er  layer is
conprised of TaN or Ta; and the netal |ayer is conprised of copper

al um num or gold. 22 19. The nethod of claim1, wherein the upper patterned
dielectric layer is. conprised of silicon oxide; the barrier layer is

conpri sed TaN, d the rlse 20. The
net hod, - ch aPﬁ#& ﬂg?ﬁﬂeﬁa$¥g¥ﬂé§“' EYBRYT %ﬂ é@@?egghFﬂbnlabout
ma_nufactured by Cabot Microelectronics having:

a) a pH of about 4.1; and

~ b) a particulate size of from about 120 to 150 nm, weight basis.

7. The method of claim 1, wherein the second slurry composition is 556 slurry
manufactured by Cabot Microelectronics comprised of: -
5i0z: from about 5.8 to 6.2 wt. %; and

KOH to édjust pH value.

8. The method of claim 1, wherein the second slurry composition is 556 slurry
manufactured by Cabot Microelectronics comprised of:
v SiO2: about 6.0 wt. %; énd

KOH to adjust pH value.

9. The method of claim i, wherein the second slurry composiﬁbn is 556 slurry
- manufactured by Cabot Microelectronics having:
a) a pH of from about 9.8 to 11.4; and

bja partiéﬁlate size of from about 125 to 185 nm, weight basis.
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<10, 000 to 12,009k thick; and the barrier layer is fromabout 250 to 350A
‘thick. 21. The nethod of claim1, wherein the patterned dielectric layer is

about 11, 100A thick; and the barrier layer is about 300A thick. 22. The
met hod of claim11, wherein the partially renmoved overlying netal |ayer has
a thickness of from about 6000 to 8000A. 23. The nmethod of claim1, wherein
the partially renoved overlying netal |ayer has a thickness of about

7000A. 24. A method of polishing a nmetal |ayer, conprising the steps of:
providing a structure having an upper patterned dielectric |layer; the
patterned dielectric |layer having an opening forned therein; formng a
barrier layer over the patterned upper dielectric layer, the barrier |ayer
lining the opening; 23 forning a netal |ayer over the barrier |ayer,

filling thg st__poli sh step on.a fir aten
enpl oyi ng a ?mrg?&%Purry conpogg&loniﬁ?ﬁgp I P”%&f%ﬁ?%ﬁ%&) %%Ea
portion of the ove%@/ nmetal | ayer; conducting a second polish step on a
second pl d0&W %%W@?@?CW@F%W%WOQ tion, the second polish |

step polishing the partially renoved
a} a pH of from about 10.0 to 11.2; and .

.b} a particulate size of from about 130 to 180 nm, weight basis.

- -- 11. The method of claim 1, Whereﬁ the fourtil polish step employs the second
slurry compqsition that is 556 slurry manufactured by Cabot Microelectronics
.cbmprised of:

SOz from about 5.8 to 6.2 wt. %; and
KOH to adjust pH value;

and from about 0.10 to 0.14% BTA.

. 12, The method of daim 1, wherein the fourth polish étep employs the second
b ~ slurry composition that is 556 slurry manufactured by Cabot Microeléctronics
compnsed of:
5i02: about 6.0 wt. %; and
KOH to adjust pH value;

and about 0.12% BTA.
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.overlying netal |ayer and exposing portions of the barrier |ayer overlying
‘the " patterned upper dielectric |layer; conducting a third polish step on

t he second platen enploying a second slurry conposition, the third polish
step renoving the exposed barrier |ayer portions and exposing underlying
portions of the patterned upper dielectric layer; and conducting a fourth
polish step on a third platen enploying the second slurry conposition and
BTA, the fourth polish step buffing the exposed upper dielectric |ayer
portions. 25. The nethod of claim 24, wherein the first slurry conposition
is 600y-73 slurry manufactured by Cabot M croel ectronics conprised of

A1203: fr o18. ahewietRodiof daith § wiereitithe KRG pblishistebeomblods bhd ecdnd W . %
KOH to adj ust pH val ue; and BTA as a corrosion behavior inhibitor. 24 26.

The net ho iy I | | r Lt h&§600y- 73
I, ot Moy A 0 S Tl g Bk 00
' having: ‘ :
a) a pH of from about 9.8 to 11.4; and

b) a particulate size of from about 125 to 185 nm, weight basis;

and from about 0.10 to 0.14% BTA.

14. The method of claim 1, v.vhere:'m the fourth polish step employs the second
_ él:arry c:omposiﬁén that is 556 slurry manufactured by Cabot Microelectronics
having: |
“a) a pH of from about 10.0 to 11.2; and
b) a particulate s-ize of from about 130 to 180 nm, weight basis;

and about 0.12% BTA,

| 15. The method of claim 1, wherein:
the first polish step is conducted at from about 2.0 to 24 psi for from about
36 to 44 seconds; and then at from about 1.0 to 1.4 psi for from about 18 to 22

seconds;

the second polish step is conducted at from about 1.0 to 1.4 psi for from

about 41 to 49 seconds;
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*A1203: about 0.5 w. % H202: fromabout 2.8 to 3.2 wt. % KOH to adjust
"pH val ue; and BTA as a corrosion behavior inhibitor. 27. The net hod of
claim 24, wherein the first slurry conposition is 600y-73 slurry

manuf act ured by Cabot M croel ectronics having: a) a pH of fromabout 2.8 to
4.3; and b) a particulate size of fromabout 115 to 155 nm wei ght basis.
28. The nethod of claim 24, wherein the first slurry conposition is 600y-73
slurry manufactured by Cabot M croel ectronics having: a) a pH of about
4.1; and b) a particulate size of fromabout 120 to 150 nm wei ght basis.
29. The nmethod of claim 24, wherein the second slurry conposition is SS6

sl urry manuf acté adrdpokisioftép M @hdakeat ¢int ab6@Ps k6 2d (Rl forSrdM abbiiem
about 5.8 to 6.2 wt. % and 25 KOH to adjust pH value. "30. The net hod of

cl ai m 24, %r?’gisgc&tag’_ second sl urry conposition is SS6 slurry
the fourth polish step is conducted at from about 1.8 to 2.2 psi for from about

40 to 60 seconds.

16. The method of claim 1, Wherein:
~ the first polish step is c01-1ducted at about 2.2 psi for about 40‘secor-1ds; and
then at about 1.2 psi for about 20 seconds;
the second polish step isl;:onducted atabout1.2 .psi for about 45 seconds;
the third polish step is conducted at about 2.0 psi for about 35 seconds; and

the fourth polish step is conducted at about 2.0 psi for about 50 seconds.
- 17. The method of claim 1, wherein the structure is a semiconductor substrate.
D 18. The method of claim 1, wherein the upper patterned dielectric layer is
comprised of si]ic;on oﬁde, silicon nitride, FSG or silicon oxynitride; the barrier

layer is comprised of TaN or Ta; and the metal layer is comprised of copper

alummum or gold.
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-manuf actured by Cabot M croel ectronics conprised of: SiO2: about 6.0 wt. %
"and *~ KOH to adjust pH value. 31. The method of claim 24, wherein the second
slurry composition is SS6 slurry nanufactured by Cabot M croel ectronics
having: a) a pH of fromabout 9.8 to 11.4; and b) a particul ate size of
fromabout 125 to 185 nm weight basis. 32. The nethod of claim 24, wherein
the second slurry conposition is SS6 slurry manufactured by Cabot
M croel ectronics having: a) a pH of fromabout 10.0 to 11.2; and b) a
particul ate size of fromabout 130 to 180 run, weight basis. 33. The nethod
of claim24, wherein the fourth polish step enploys the second slurry
conposition at i S6 sl urry manufactured by bot M croel ectronics
conprised 6?‘%@?@?.?103P2F}?%3u‘f’h§r.e§‘fl@‘B’Pfrﬁﬁﬁe@t)‘-‘cgéiﬁﬁi“tﬂﬁqu@qwt-o adj ust pH
val ue; and fromabout 0.10 to 0.14% BTA. )

comprised of silicon oxide; the barrier layer is comprised of TalN; and the metal

layer is comprised of copper.

20. The method of claim 1, wherein the patterned- dielectric layer is from about

10,000 to 12,000A thick; and the barrier layer is from about 250 to 350A thick.

21. The method of claim 1, wherein the patterned dielectric layer is about 11,100A

thick; and the barrier layer is about 300A thick.

22. The method of claim 1, wherein the partially removed overlying metal layer has

a thickness of from about 6000 to SOOOA.

- 23. The method of dlaim 1, wherein the partially removed overlying metal layer has

a thickness of about 7000A.

24, A method of polishing é ﬁetal layer, comprising the steps of:

providing a structure having an upper péttemed dielectric layer; the
patterned' dielectric layer having an opening formed t_hérehl;

forming a barrier layer over the patterned upper dielectric layer, the barrier

layer lining the opening;
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-34. ‘The nethod of claim 24, wherein the fourth polish step enploys the
‘'second slurry conposition that is SS6 slurry manufactured by Cabot

M croel ectronics conprised of: SiQ2: about 6.0 wt. % and KOH to adjust
pH val ue; and about 0.12% BTA. 35. The net hod of claim 24, wherein the
fourth polish step enploys the second slurry conposition that is SS6
slurry manufactured by Cabot M croelectronics having: a) a pH of from
about 9.8 to 11.4; and b) a particulate size of fromabout 125 to 185 nm
wei ght basis; and fromabout 0.10 to 0.14% BTA. 36. The nethod of claim
24, wherein the fourth polish step enploys the second slurry conposition
that is SS6 slurry manufactured b ot Mcr ec roni cs having: a) a pH
of from about ingnga mefaljayesoyer %}“’%" H‘?“t %OE?%gbf from about 130

to 180 run, weight basis;
conducting a first polish step on a first platen employmg a first shurry

composition, the first po}i;sh step rémoving a portion of the overlying metal layer;

conducting a second polish étep on a second platen empi_oying fhe first
slurry composition, the second polish step polishing the pa_rtia]ly removed

- overlying metal layer and exposing portions of the barrier layer overlying the

patterned ﬁpper dielectric layer;

conducting a third polish step on the second platen employing a second
slurry composition, the ﬂﬁrd polish step removing tﬁe exposed barrier layer
portions and exposing underlying portioﬁs of the patterned upper dielectric layer;
and

conducting a fourth polish step on a third platen employing the second
slurry compoéiﬁon and BTA, the fourth polish step buffing the expose(i uiaper

dielectric layer portions.

e

25. The mgﬂlod of claim 24, Wherei-xl the first slurry composition is 600y-73 slurry
-manufactured by Cabot Microelectronics comprised of:

AlOs: ﬁ‘om' about 0.4 to 0.6 wt. %;

H>O9: from about 2.6 to 3.4 wt. %;

KOH to adjust pH Val_ue-; and

" BTA as a corrosion behavior inhibitor.
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-and about 0.12% BTA. 37. The nmethod of claim 24, wherein the first polish
‘step is conducted at fromabout 2.0 to 2.4 psi for fromabout 36 to 44,

seconds; and then at fromabout 1.0 to 1.4 psi for fromabout 18 to 22
seconds; the second polish step is conducted at fromabout 1.0 to 1.4 psi
for from about 41 to 49 seconds; the third polish step is conducted at
fromabout 1.8 to 2.2 psi for fromabout 31 to 39 seconds; and the fourth
polish step is conducted at fromabout 1.8 to 2.2 psi for fromabout 40 to
60 seconds. 38. The nethod of claim 24, wherein: the first polish step is
conducted at about 2.2 psi for about 40 seconds; and then at about 1.2 psi
for about 20 seconds; the second polish step is conducted at about 1.2 psi
for about 45 seconds; the third polish-step i s conducted at about 2.0 psi

Lglr -? g?ugggg ecoeg:g%% r?g gidaméétl w. gll'Jerutl he g;'sltss m%E %gmipgsiﬁgrrll %ugé(?qu?f tslu?r?zom 2.0 _
| manufactured by Cabot Microelectroniés comprised of:
" AlxOs: about 0.5 wt. %;
-HzOé: from about 2.8 to 3.2 wt. %;
i(OH to adjust pH value; and

P BTA as a corrosion behavior inhibitor.

27. The method of claim 24, wherein the first slurry composition is 600y-73 slurry
- manufactured by Cabot Microelectronics having:
a) a pH of from about 2.8 to 4.3; and

b) a particulate size of from about 115 to 155 nm, weight basis.

28. The method of claim 24, wherein the first slurry composition is 600y~73 slurry
) - manufactured by Cabot Microelectronics having;
a) a pH of about 4.1; and

b) a particulate size of from about 120 to 150 nm, weight basis.

29. The method of claim 24, wherein the second slurry composition is
SS6 slurry manufactured by Cabot Microelectronics comprised of:

5i09: from about 5.8 to 6.2 wt. %; and
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. 39. .The nethod of claim 24, wherein the structure is a sem conduct or
‘substrate. 40. The nethod of claim24, wherein the upper patterned
dielectric layer is conprised, of silicon oxide, silicon nitride, FSG or
silicon oxynitride; the barrier, layer is conprised of TaN or Ta; and the
nmetal layer is conprised of copper, alumnumor gold. 41. The method of
claim 24, wherein the upper patterned dielectric layer is conprised of
silicon oxide; the barrier layer is conprised of TaN, and the nmetal | ayer
18 is conprised of copper. 42. The nethod of claim 24, wherein the
patterned dielectric layer is fromabout 10,000 to 12,000A thick; and the
barrier |ayer Kﬁﬂqﬁpgaggqﬂqvaﬁﬁ to 350A thick. 43. The nethod of claim 24,
wherein the patterned dlelectrlc | ayer is about 11,100A thick; and the
barrier layer is about 300A thick. 44. The method of claim 24, wherein the
partially renoved overlying netal layer has a thickness of from about 6000
to 8000A. .29 45. The thod of | ai.m 24, wh in the partially. renoved
over | ying ot mexyidt of FAL 24 FRERRLEE BeoR A GORRO i 550 T of
polishing a netal |ayer, conprising the steps of. '
manufactured by Cabot Microelectronics comprised of:

SiOz: about 6.0 wt. %; and

KGOH to adjust pH value.

31. The method of claim 24, wherein the second slurry C()mpdsition is 556 slurry
manufactured by Cabot Microelectronics having:
a) a pH of from about 9.8 to 11.4; and

b) a particulate size of from about 125 to 185 nm, weight basis.

32. The method of claim 24, wherein the second slurry composition is 556 slurry
manufactured by Cabot Microelectronics having:
b - a)apH of from about 10.0 to 11.2; and

b) a particulate size of from about 130 to 180 nm, weight basis.

33. The method of claim 24, wherein the fourth polish step employs the second
shurry composition that is 556 slurry manufactured by Cabot Microelectronics
comprised of: |

SiOg: from about 5.8 to 6.2 wt. %; and
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‘providing a structure having an upper patterned dielectric |ayer; the
"patterned dielectric layer having an opening forned therein; forning a
barrier layer over the patterned upper dielectric layer, the barrier |ayer
lining the opening; formng a netal |ayer over the barrier layer, filling

t he opening; conducting a first polish step enploying a first slurry
conposition, the first polish step renoving a portion of the overlying
netal |ayer; wherein the first slurry conposition is 600y-73 slurry
manuf act ured by Cabot M croel ectronics conmprised O .. A1203: from about
0.4to 0.6 wm. % H202: fromabout 2.6 to 3.4 w: % KOH to adjust pH

val ue; and BTA as a corrosion behavior inhibitor conducting a second polish
step enpl oyi ngKOkktofadjett pi valny; conposition, the second polish step
polishing the partially renoved overlying netal |ayer and exposing

portions ghd Haen Besdtioan thayes, ByLr | yi ng the patterned upper dielectric
| ayer; 30 conducting a third polish step enploying a second slurry
conposition, the '

34. The method of claim 24, wherein the fourth polish step employs the secoﬁd
slurry composition that is S56 slurry manufactured by Cabot Microelectronics. _
~comprised of:

5i0z: about 6.0 wt. %; and
KOH to adjust pH vélue’;

~and about 0.12% BTA.

35. The method of claim 24, wherein the fourth polish step empioys the second
siurry composition that is 556 slurry manufactu;ed by Cabot Microelectronics
having:

a)a pH of from about 9.8 to 11.4; and

b) a particulate size of from about 125 to 185 nm, weight basis;

and from about 0.10 to 0.14% BTA.

36. The method of claim 24, wherein the fourth polish step employs the second
sturry composition that is 556 slurry manufactured by Cabot Microelectronics
having:

a) a pH of from about 10.0 to 11.2; and
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.third polish step renoving the exposed barrier |ayer portions and exposing
‘under | yi ng portions of the patterned upper dielectric |ayer; wherein the

second slurry conposition is SS6 slurry manufactured by Cabot

M croel ectronics conprised of. SiQ2: fromabout 5.8 to 6.2 wt. % and KOH
to adjust pH value; and conducting a fourth polish step enploying the
second slurry conposition and from about 0.10 to 0.14% BTA, the fourth
polish step buffing the exposed upper dielectric |layer portions. 47. The
nmet hod of claim46, wherein the first polish step is conducted on a first
pl aten; the second and third polish steps are conducted on a second pl aten;
and the fourth polish step is conducted on a third platen. 48. The net hod
of claim46, wheapartictihe: dire of fradnuboynt L3P dAS) himprvdighitdmsisy | sed of - A12083:
about 0.5 wt % H2Q2: fromabout 2.8 to 3.2 wt. % KOH to adjust pH val ue;
and BTA asng 286if @29 mTRAchavi or i nhibitor.

37. 'Ihe method of claim 24, wherein:

the first polish steplis conducted at from about 2.0 to 2.4 psi for from ébOut
736 ;co 44 seconds; and then a’; from about 1.0 to 1.4 psi for from about 18 to 22
seconds; |

the second polish step is conducted at from about 1.0 to 1.4 psi for from
'aﬁout 4] to 49 ‘seconds.; |

.the third polish step is conducted at from about 1.8 to 22 psi fc;r from about
31 to 39 seconds; and | |

o the fourth polish step is conducted at from about 1.8 to 2.2 psi for from about

40 to 60 seconds.

38. The method of claim 24, wherein:
the first polish step is conducted at about 2.2 psi for about 40 seconds; and
~ then at about 1.2 psi for about 20 seconds; |
* the second polish step is conducted at about 1.2 psi for about 45 seconds;
 the third polish.step is conducted at about 2.0 psi for .about 35 seconds; and

the fourth polish step is conducted at about 2.0 psi for about 50 seconds. |
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<31 49, The nmethod of claim46, wherein the first slurry conposition has:

‘a) a pHof fromabout 2.8 to 4.3; and b) a.particulate size of from about
115 to 155 run, weight basis. 50. The method of claim46, wherein the
first slurry conposition has: a) a pH of about 4.1; and b) a particulate
size of fromabout 120 to 150 nm weight basis. 51. The nethod of claim 46,
wherein the second slurry conposition is conprised of: SiQ2: about 6.0 wt.
% and KOH to adjust pH value. 52. The nethod of claim46, wherein the
second slurry conposition has: a) a pH of fromabout 9.8 to 11.4; and b) a
particul ate size of fromabout 125 to 185 nm weight basis. 53. The nethod
of claim46, wherein the second slurry conposition has: a) a pH of from
about 10. (% tha methodspfrldin 24, pder¢in thasteudineds asemicondagonsubsg@te.o 180 nm
wei ght basis. 32 54. The nethod of claim46, wherein the fourth polish
step enpl oys the second

40. The method of claim 24, wherein the upper patterned dielectric layer is
éompriséd, of silicon oxide, silicon nitride, FSG or silicon oxynitride; the barrier
layer is comprised of TaN or Ta; and the metal layer is comprised of copper,

aluminum or gold.

~ 41. The method of claim 24, wherein the upper patterned dielectric layer is
compriéed of silicon oxide; the barrier layer is comprised of TalN; and the metal
. L]

“layer 18 is comprised of copper.

42. The method of claim 24, wherein the patterned dielect:ic layer is from about

© 10,000 to 12,0004 thick; and the barrier layer is from about 250 to 350A thick.

" 43. The method of claim 24, wherein the patterned diele__ctric layer is about 11,100A

’r_hick; and the barrier layer is about SOOA thick.

44. The method of claim 24, wherein the partially removed overlying metal layer

Has a thickness of from about 6000 o _SOOOA.
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-slurry conposition conprised of: Si2: about 6.0 wt. % and KOH to adj ust
"pH val ue; and about 0.12% BTA. 55. The net hod of claim 46, wherein the
fourth polish step enploys the second slurry conposition that is SS6
slurry manufactured by Cabot M croel ectronics having: a) a pH of from
about 9.8 to 11.4; and b) a particulate size of fromabout 125 to 185 run,
wei ght basis;; and from about 0.10 to 0.14% BTA. 56. The nethod of claim

46, wherein the fourth polish step enpl oys the second slurry conposition
that is SS6 slurry manufactured by Cabot M croel ectronics having: a) a pH
of fromabout 10.0 to 11.2; and b) a particulate size of from about. 130 to
180 nm weight basis; and about 0.12% BTA 57. The nethod of clai m6,

wher ein: 38. The method of claim 24, wherein the partially removed overlying metal layer

Has a thickness of about 7000A.

46. A method of polishing a metal layer, comprising the steps of:
providing a structure having an upper patterned dielectrié layer; the |
patterned dielectric layer having an opening formgci therein;
forming a barrier layer over the patterned upper dielectric layér, the barrier
layer lining the oi)enjng;
: fomﬁng a metal layer over the barrier layer, filling the opening;
conducting a first poﬁsh step employing a first slurry composition, the first polish
step removing a portion of the oveflying metal layer; Wherem the first slurry
composition is 600y-73 slurry manufacmre& by Cabot Microelecironics comprised
of:
AlOs: from about 0.4 to 0.6 wt. %;
H2Ox: from about 2.6 to 3.4 wt. % ;
KOH to adjust pH value; aﬁd |
BTA as a corrosion behavior inhibitor
conducting a second polish step employing the first slurry composition, the
second polish step polishing the partially removed overlying metal layer and

. exposing portions of the barrier layer overlying the patterned upper dielectric layer;
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‘the first polish step is conducted at fromabout 2.0 to 2.4 psi for from
‘about 36 to 44 seconds; and then at fromabout 1.0 to 1.4 psi for from
about 18 to 22 seconds; the second polish step is conducted at from about
1.0to 1.4 .psi for from about 41 to 49 seconds; the third polish step is
conducted at fromabout 1.8 to 2.2 psi for fromabout 31 to 39 seconds;
and the fourth polish step is conducted at fromabout 1.8 to 2.2 psi for
fromabout 40 to 60 seconds. 58. The nethod of claim46, wherein: the
first polish step is conducted at about 2.2 psi for about 40 seconds; and
then at about 1.2 psi for about 20 seconds; the second polish step is
conducted at about 1.2 psi for about 45 seconds the third polish step is

conduct ed at ataaﬁauau%bout lishlagy e 15102%%)@5&%011@@11,:?%5&1 Suitidd) ol i sh

step is conducted at 0 psi for a 50 secon The nethod of

LAl S, B R SHUIE bR S IR L0 T
compri sed I(J)I]:deﬁyln!lg(;:ggrtt%)r(lls SFtne Patterted dpper didlectric fayer; wherefn the 2536?1' (ride; the

slurry composition is 556 slurry manufactured by Cabot M’icroélectronics |

comprised of:

5i0y: from about 5.8 t0 6.2 wk. %; and
| KOH to adjust pH value;
and |
conducting a fourth polish step employing the second slurry composition _

and from about 0,10 to 0.14% BTA, the fourth polish step buffing the exposed upper

dielectric layer portions.

47. The method of claim 46, wherein the first polish step is conducted on a first
platen; the second and third polish steps are conducted on a second platen; and the

fourth polish step is conducted on a third platen.

48. The method of claim 46, wherein the first slurry composition is compris;ed of:
AlyOz: about 0.5 wt. %; | |
 HyOz from abéut 28t03.2wt %;
KOH to adjust pﬁ value; and

BTA as a corrosion behavior inhibitor.
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+ 34 pga' {p& layer is conprised of TaN or Ta; and the netal layer is
“conprised of copper alum numor gold. 61. The nmethod of claim46, wherein

t he upper patterned dielectric layer is conprised of silicon oxide; the
barrier layer is conprised of TaN, and the netal layer 18 is conprised of
copper. 62. The nmethod of claim46, wherein the patterned dielectric |ayer
is fromabout 10,000 to 12;000A thick; and the barrier layer is from about
250 to 350A thick. 63. The nethod of claim46, wherein the patterned
dielectric layer is about 11,100A thick; and the barrier layer is about
300A thick. 64. The nethod of .claim46, wherein the partially renoved
overlying netal layer has a thickness of from about 6000 to 8000A. 65. The
nmet hod of claim46, wherein the partially renoved overlying netal |ayer

has a thickness of about 7000A. 35 ABSTRACT

49. The method of claim 46, wherein the first slurry composition has:
a) a pH of from about 2.8 to 4.3; and

b) a particulate size of from about 115 to 155 nm, weight basis.

50. The method of claim 46, wherein the first slurry composition has:
a) a pH of about4.1; and

b) a particulate size of from about 120 to 150 nm, weight basis.

51. The method of claim 46, wherein the second slurry comiposition is comprised of:
SiOz: about 6.0 wt. %; and.

KOH to adjust pH -value.

92. The method of claim 46, wherein the second slurry composition has:
‘a) a pH of from about 9.8 to 11.4; and

b) a particulate size of from about 125 to 185 nm, weight basis.
53. The method of claim 46, wherein the second slurry composition has:

a) a pH of from about 10.0 to 11.2; and

b) a particulate size of from about 130 to 180 nm, weight basis.
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- BARRI ER- SLURRY- FREE COPPER CMP PROCESS A nethod of polishing a netal |ayer
‘conprising the follow ng steps. A structure having an upper patterned
dielectric layer with an opening therein is provided. A barrier |ayer is
formed over the patterned upper dielectric layer and |ining the opening. A
nmetal layer is forned over the barrier layer, filling the opening. A first
polish step enploying a first slurry conposition is conducted to renove a
portion of the overlying netal |ayer. A second polish step enploying the
first slurry conposition is conducted to: polish the partially renoved
overlying netal layer; and to expose portions of the barrier |ayer
overlying the patterned upper dielectric layer. Athird polish step

enpl oyi ng 5t The amthal of dyinc e PdRidih @i fotrtopulEUGaerhplols MRt exposed
barrier |ayer portions and exposing underlying portions of the patterned
upper diehgg&g' : .polish step enploying the second slurry
conposition a g&g?%¥?§ng§ﬁ%ﬁ%%%gito_buff t he. exposed upper dielectric

layer portionsgOFLG 1), wt. %; and ‘

KOH to adjust pH value;

- and about 0.12% B'I'A.

- 55. The method of claim 116, wherein the fourth polish step employs the second
slurry composition that is SS6 slurry manufactured by CaBot Microelectronics
| having: | | |
a) a pH of from about 9.8 to 11.4; and
b) a.particulate size of from al:;out 125 to 185 nm, weight basis;;

and from about 0.10 to 0.14% BTA.

56. The method of claim 46, wherein the fourth polish step employs the second
- slurry composition thzﬁ is 556 slurry manufactured bif Cabot Microelectronics
ha_ving:
- a)apH of from about 10.0 to11.2; and
b) a particulate size of from about 130 to 180 nm, ‘weigh’lc basis;

and about 0.12% BTA.
5’7. The method of claim 46, wherein:
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the first Rolish step is condticted at from about 2.0 to 2.4 psi for from about
36 to l44 seconds; and then at from about 1.0 to 1.4 psi for from about 18 to 22
seconds; |

the second polish step is conducted at from about 1.0 to 1.4 psi for from
about 41 to 49 seconds; |

- the tthd polish step is conducted at from about 1.8 to 2.2 psi for from about

31 to 39 seconds; and |

the fpurth polish step is conducted at from about 1.8 to 2.2 psi for from about

40 to 60 seconds.

58. The method of clalm 46, wherein:

the first polish step is conducted at about 2.2 psi for about 40 seconds; and
then at about 1.2 psi for about 20 seconds;

the second polish step is conducted at about 1.2 psi for aboﬁt 45 seconds;

the third pd]ish step is conducted at about 2.0 psi for about 35 secoﬁds; and

the fourth polish step is conducted at about 2.0 psi for about 50 seconds.

~59. The method of claim 46, wherein the structure is a semiconductor substrate,

~ 60. The method of claim 46, wherein the upper patterned dielectric layer is

- cOmpriSed of silicon oxide, silicon nitride,' FESG or silicon oxynifride; the barrier
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layer is comprised of TaN or Ta; and the metal layer is comprised of copper

aluminum or gold.

61. The method of claim 46, wherein the upper patterned dielectric layer is
comprised of silicon oxide; the barrier layer is comprised of TaN; and the metal

layer 18 is comprfsed of copper.

62. The method of claim 46, wherein the patterned dielectric layer is from about

10,000 to 12,0004 thick; and the barrier layer is from about 250 to 3504 thick.

63. The method of claim 46, wherein the patterned dielectric layer is about 11,100A

. thick; and the barrier layer is about 300A thick.

64. The method of claim 46, wherein the partially removed overlying metal layer

has a thickness of from about 6050 to 8000A.

* 65. The method of claim 46, wherein the partially removed overlying metal layer

hasa ﬂ'LiCkI‘léSS of about 7000A.
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