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 enpl oyed.

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.




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

I

slurry 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
met hod to polish a substrate containing copper and containing tantalum or
tantal um oxi de or both tantalum and tantalum oxide. U S. Patent No.
6,338,744 Bl to Tateyanm et al. describe a high purity polishing slurry
conprising water and dispersed silica particles. 2 U S. Patent

No. . 6,261,158 Bl to Holland et at describes a mul ti-step CWMP system used
to pO|ISh a waf-er to for réggﬂﬁéig :5 a dielectric layer upon
whi ch barrier and netal-ﬁégihghﬁg&gi NEIGN pat ent No. 6, 447, 371
B2 to Brusic Kaufman et al. describes a chem cal mechani cal pol i shi ng
slurry useful for copper/tantal um substrates. U. S. Patent No. 6,313,039 Bl
to Small .et al. describes a chenical mechanical polishing conposition and

‘process. U.S. Pat eDiuriNg mét3AQ 8 Rémicl hsdeahhital pblisHing %‘Fé&e%éé&,eme

chemi-cal
- films/materials are encountered. 1) A patterned dieléctric layer, usually silicon

oﬁde_(oﬁde), within which an opening is formed; 2)a barriér Ié.yef 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




rechani cal polishing slurry. 3 SUMWARY OF THE | NVENNON Accordingly, it is

‘an ai m of the enbodi ments disclosed herein to provide an inproved nethod

of polishing netal layers. In a first aspect, there is provided a nmethod of
polishing a nmetal |ayer, conprising the steps of: providing a structure
havi ng an upper patterned dielectric |layer, the patterned dielectric |ayer
havi ng an opening forned therein; formng a barrier |ayer 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 enploying a-frst slurry conposition, the

first polish step.f i ng.a t] f overlying netal |ayer, :
conducting a seco%‘%ﬁ?ﬁ%?‘e‘%ﬁ@rﬁ@fﬁ%ﬁm eisl geseribes dompBEistson, the
second polish step polishing the partially renoved overlying netal |ayer :
and CMP system used to polish a wafer to form metal interconnects in a dielectric layer

ﬁpon which barrier and metal layers have been forﬁed.

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.



exposing portions of the barrier |layer overlying the patterned upper
dielectric layer, conducting a third polish step 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 enploying the second
slurry conmposition. and BTA, the fourth polish step buffing the exposed
upper dielectric layer portions 4 In a second aspect, there is provided a
met hod of polishing a nmetal |ayer, conprising the steps of: providing a
structure having an upper | aver: the patterned )
dielectric layer having anE%%@@@@gﬁﬂiﬁiﬁﬁgiQﬁiﬁﬁiﬁQDBrntng a barrier |ayer
over the patterned upper dielectric layer, the barrier. |layer lining the
openi-ng; formng a netal |ayer over the barrier layer, filling the
openi'ng; conducting a first polish step on a first platen enploying a
fiirst slurry conpo e firstpo h step.renoving a portion of the
overlying metal | ayé#dr&ﬂﬁla{mtls & aalg ?,Ijo'ifﬁ Hehodipenis edisdpsed leciond mpbtiein
errpl oyi ng the mpprayed method of polishing metal layers.

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

a metal layer, co ising
the steps of : i ‘ e
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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 |ayer; conducting a third polish step on
the second platen enploying a second slurry conposition, the third polish
step renovi ng The exposed barrier |ayer portions and exposi ng underlying
portions of the patterned upper dielectric layer; and conducting a fourth
polish step on t.hi l.at e n, npl oyi t he second slurry conpositionand
BTA, the fourt hii'})(?] %éscﬁn&s)ta@%ec u‘?‘F '°n§ P%@ﬁgg(ﬁoé’é?éh({ilpﬁgrPOII&lw acmetad laygrer
portions. Zamppsing thhisteps efspect, there is provided a method of polishing a
netal tayer, conprising the steps of: providing a structure having an

obent 1 or roa Phe e Gty i bareclieledh e Bl pper
diel ectri C_p'aﬁ%%{e’d' Gl iy et having an openihe riod fuoen: >
forming a barrier layer over the patterned upper dielectric 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
dunywxnnpbﬁﬁonandIﬂHLthgﬁmnihpoﬁﬂlﬁgpbuﬁhq;ﬂwempo&aiuppar-
dﬁi&iﬁhkgnn;xmﬁona o - |
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formng a netal |ayer over the barrier layer, filling the opening;
conducting a first polish step enploying a first slurry conposition, the
first polish step renpbving a portion of the overlying netal |ayer; wherein
the first slurry conposition is 600y-73 slurry manufactured by Cabot

M croel ectronics conmprised O AV)3: fromabout OAto 0.6 vt % H2Oz: from
abouta6 to 3.4 wt % KOH to adjustpH value, and BTA as a corrosion
behavi or inhibitor conducting a second polish step enploying the first
slurry composition,..t.he second polish step polishing the partially renoved
overlying netal 1 2% bt ters Barrevdesor mednd oppolishingremeiablaybrayanpravar | yi ng
t he patter Heedstepppfr di el ectric |ayer; 4b conducting a third polish step
enpl oying a second slurry conposition, the third polish step renoving the

Babternedupper” o AT S BB B ST e o o 1 0 1
| SS6 sl ur ryp il AGW-EE- 12 m’cl‘%%g al\l/ll gll;e%?xllge ;(E:(;[I'L'?er:il t(l:lzrem, |
_ 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
&xumdpoﬁd1mgppoﬁdﬁngthepaﬁﬁwbufnuwédqveﬂyﬁn;nmtﬂhnmwand

expodng;xgﬁongofﬂyabmnkmh@mn(ﬂ&ﬂb&ﬂgth&f@ﬂﬁnuﬁiupﬁerdkﬂaiﬁckgmn
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comﬂri sed of Si2: fromabout 5.8 to 6.2 vt % and KOH to adjust pH val ue;
and conducting a fourth polish step enploying the second slurry conposition
and from about 0.10 to 034% BTA, the fourth polish step buffing the exposed

upper

dielectric layer portions. Qther aimof the enbodi nents di scl osed

herein will appear hereinafter. It has now been discovered that the above
and other aimof the disclosure may be acconplished in the follow ng
manner. Specifically, a structure having an upper patterned dielectric

- layer with anc@walinga thist polish step piploydeela sdoRaTh@f chbAYBitibs, thar med over

the patterned upper dielectric layer and " |lining the opehing. -A netal |ayer

Cis f thiod/polishiyee ' il i NG s ALl lish
i s formethiod/po mﬁfdvﬁ‘gﬁﬁ%@@“éfh%?ﬁ%ﬁﬁﬁ'ﬁggef‘%OS’?%?ritvepg :ozrtiOrl

step enploying a first slurry nposition

f th H ; A d | i.sh | oyi he fi
Sl urry commabiigpORIR of B el RS R thesdoned over | yi ng

4c

shury composition is SS6 slurry manufactured by Cabot Microelectronics
comprised of: :
Si0z: 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 now been discovered that the above and other aim of the

disclosure may be accomplished in the following manner. Specifically, a -

structure having an ulﬁper patterned dielectric layer with an opening ihereiﬁ is

_ provided. A barrier layer is formed over the patterned upper dielectric layer and

lining the opgnmg. A metal layef is formed over the barrier layer, filling the
opening. .A first polish 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



R nmetal layer; and to expose portions of the barrier |ayer
overlying the patterned upper dielectric layer. Athird polish step
enpl oying a second slurry conposition is conducted to renove the exposed
barrier layer portions and exposing underlying portions of the patterned
upper dielectric layer. A fourth polish step enploying the second slurry
.conposition and BTA is conducted to buff the exposed upper dielectric
‘layer portions. 4d BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention
wiil be m@hmmmmm%dmm%ewﬁmﬁ@r%f%' D Laken in
ich I1Re%e 2

conjunction with the acconpanying drawi ngs in ePEnc

nuner al s dppeodal@ndt BvbAl fi-LolEgespondi na el ements, regi ons and portions
and in whi gﬁ, Fi gs. 1@0'9@%&%@0&3% YR8 7 Second STHEysompostonds ment
of the Rﬁ&ﬁﬁ{'ctteci{ nvention. 5 DETAILED DESCRI PTI ON OF THE PREFERRED

ENVBODI VE to remove the exposed barrier layer portions 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



Processes Known to the Inventors - Not to be Considered Prior Art The
following netal / copper chenical mechanical polishing processes are known
to the inventors and are not to be considered prior art for the purposes
of this invention. For exanple, when the barrier layer is tantalumnitride
(raN), the dielectric layer is silicon oxide (oxide) and the netal |ayer
is copper (Cu), three polishing options are currently used: (1) Cu slurry
polish -> TaN slurry polish (w or wo oxide rate); (2) Cu slurry polish ->
TaN slurry polish -> oxide slurry buff (w BTAto selectively not renove
Cu); and (3) Cu slurry polish -> (clean) -> TaN dry etch. However, options
(1) and (2) require c j 20 S I urry in order to
renove the TaN barrie iv; eRiﬁgggkﬁgﬁgﬂﬁggﬁggm&ggiépatterned oxi de

| ayer; and option (3) requires extra dry etch tools to renove the TaN
barrier layer fromover the top of the patterned oxide |ayer. The use of
either 6 of these three nmethods nakes it difficult to inprove the

t hroughput of the The @x@ent invention will be more 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.




process. Present Invention - Initial Structure - Fig. 2 Fig.1l illustrates
‘the initial structure of the present invention. Structure 10 includes
patterned dielectric layer 12 formed thereover to a thickness of
preferably from about 10,000 to 12, 000A and nore preferably about 11, 100A.
Structure 10 is preferably a silicon substrate and is understood to

possi bly include a sem conductor wafer or substrate, active and passive
devices forned within the wafer, conductive |ayers and dielectric |ayers
(e.g., inter-poly oxide (IPO, internetal dielectric (M), etc.) forned
over the wafer surface. The term "sem conductor structure"” is nmeant to

i ncl ude devi cEETAIMEY DESORIPAIORE TREPRERE: EME ers
overlying the wafer. Patterned dietectr! : conpri sed
of silicon oxide, silicon nitride (SiN), FSG or silicon oxynitride (SiON)
and is nore preferably silicon oxide. 7 Patterned dielectric |ayer 12 -

I ncl udes_an opening 14 formed therein
Processes Known to the Inventors — Not to be Considered Prior Art

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




whi ch may be a dual damascene opening as shown in the figures. A barrier
‘layer 16 is preferably formed over patterned dielectric 12, |ining opening
14. Barrier layer 16 is preferably formed by el ectro-chem cal plating

(ECP) or physical vapor deposition (PVD) and nore preferably by physi cal
vapor deposition (PVD). Barrier layer 16 has a thickness of preferably
from about 250 to 350A and nore preferably about 300A. Barrier layer 16 is
preferably conprised of TaN or Ta and is nore preferably TaN. A netal

| ayer 18 is then forned over barrier layer 16, at least filling barrier

| ayer-1ined-opening 14. Metal layer 18 is preferably forned by eI ectro-
chem caloffthadd h9ed FEeBlodsVRLEd I from
about 6000 to 8000A aorﬁig m)reSIt)raef EF%EP%R%‘%H{;%%?&@%Q? ayer (S

pr ef erag rrprl sed of copper (Cu), alumnum (Al) or gold (Au) and is
nore pr ara Iy copper (Cu). 8 POLISH NG OF METAL LAYER 18 - FIGS 2 - 4 As
di scovered by the inventors of the present invention, neither a :

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




barrier-layer-specific slurry nor a barrier-layer-etch are necessary to
‘renove the barrier layer 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 First Step Polish - First Platen - First Slurry Conposition Fig. 2
As shown in Fig. 2, the wafer/structure of Fig. 1 nmay be placed upon a
first platen in a polishing tool and polished with a First Slurry
Conmposition to polish/renove the bulk of netal |ayer 18 | eaving reduced
nmetal |ayer 18 having a thickness of preferably from about 2000 to 4000A

and nore preferablyaahasi K8004 lgf&yi%otlﬁ 03| Eher &)%?{8 ae,% E%’E)t e[n73

dielectric layer 12. The First ron
Slurry in 600 . Slu Cabot copper. (Cu) film polishing sl pEy
( manuf ac urcgbmﬁl e&%@%ﬁf’é&é&%é‘%s &@&%‘35 Tai - Yuan St. Chu Pei
Hsin Chu Hsien Taiwan, 203 R O C.) conpri sed of. A1203: preferably from
~about 0.4 to 0.6 vvt. % and nor e pref erably about 0. 5 w. %
A barrier layer 16 is preferably formed over patterned dielectric 12,
lining opening 14. Barrier layer 16 is preferably formed by electro-chemical plaﬁﬁg |
i (ECP) or physical vapor depogitio'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. Barrler layer 16 is preferably compnsed of TaN

or Ta and is more preferably TaN.

A metal layer 18 is then formed over barriei" layer 16, at least filling

barrier layer—lmed-openmg 14. Metal layer 18 is preferably formed by electro—

chemical platmg (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).




1-1202: preferably fromabout 2.6 to 3.4 w % and nore preferably from
‘about 2.8 to 3.2 wt. % KOH to adjust pH value; and benzotriazole (1-H
benzotriazole or BTA) as a corrosion behavior inhibitor; and having 10 a)
pH. preferably fromabout 2.8 to 4.3 and nore preferably about 4.1; and b)
size of particles: preferably fromabout 115 to 155 nu, weight basis and
nore preferably fromabout 120 to 150 run, weight basis; This first, bulk
nmetal layer 18, polish is a high rate, bulk netal renoval using an i Scan
Endpoi nt (Applied Material real tinme Cu In Situ Rate. Mnitor (ISRW
Endpoi nt Syst'em t hi ckness nonitor using eddy current to catch polishing

end tinme) at (1) prefPOBIBHING OP RIFOUT 2AYHR1P- f1dBSio apd more preferably
about 2.2 psi for. preferably from abou s and nore
preferably about 40 seconds (by end-point); and then (2) preferably from
about 1.0 to 1.4 psi and nore preferably about 1.2 psi for ,

As discovered by the inventors of the present invention, neither a
barrier-layer-specific slurry nor a barrier-layer-etch are necessary to remove the
- barrier layer 16 over the pattefned dielectric layer 12. Only two different slurries-

are needed to pohsh/ remove three different types of films (metal layer 18, barrier

layer 16 and patterned dielectriclayer 12). .




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 nay 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 portions 20, 22 of barrier layer 16 overlying the
patterned dielectric layer 12. This second, final netal |ayer 18"
polish/barrier |layer 16 exposure, polish is a |ow pressure polish using
Ful I Scan Endpoint (Applied Material In Situ Rate Monitor (ISBN) Endpoi nt

Syst em UBjk {_ L end t at preferably from
about 1. fégi%‘ﬂ%_gﬁﬁg@ltape CopE ifion 1ima)for preferably from
about 41 to 49 seconds and nore prefer ably about 45 seconds (by end- point)
Third Step Polish - Second Platen - Second Slurry Conposition - Fig. 4 As
shown in Fig. 4, the wafer/ structure of Fig. 3 is then polished with a

Second Slurry Conp‘bsshavmnoﬁlg; Iiﬁ&&aewafed/ﬁ@it&fe bDFlrgem;gz b@gm@atdp&s 20,
22 of

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, Hsm 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

10




barrier layer 16 overlying the patterned dielectric layer 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 (also manufactured by Cabot

M croel ectronics 8A-7, No. 26, Tai-Yuan St., Chu Pei, Hsin Chu Hsien,.
Taiwan, 203 RO C.) diluted to 25%for solids for polishing conprised of:
Si2: preferably fromabout 5.8 to 6.2 wt. % and nore preferably about 6.0
wt. and 2 KOH to adjust pH value; and having a) pH preferably from about
9.8 to 11.4 and nore preferably fromabout 10.0 to 11.2 ; and b) size of
particles: preferably fromabout 125 to 185 run, weight basis and nore
preferably from about 130 to 180 run, weight basis. This third polish step
S conducted at referably fron1about 1.8 to 2.2 psi and nore preferably
about 2.9® @bbffmnanbyutrz dto é,Bcami Bdre pre:ﬁa-abgmmdm 1; and

b) size of partlcles preferably from about 115 to 155 nm, weight basis and more

' | preferably from about 120 to 150 nm, WElght 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 pohshmg tool and then pohshed with the First Slurry

11




and nore preferably about 35 seconds (by tinme). Fourth Step Polish - Third
"Pl at'en - 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
t he polishing tool and polished with the Second Slurry Conposition with
BTA to buff the exposed portions 24, 26 of the patterned dielectric |ayer
12 to form buffed exposed portions 24, 26' of the buffed patterned
dielectric layer 12'. Fromabout 0.10 to 0.14% and nore preferably about
0.12% benzotriazole (1-H benzotriazole or BTA) (corrosion behavi or
inhibitor) is added to the SS6 Second Slurry Conposition described above
as to be.sel ect.ive to..pqglishe tal, layer 18"' _so as nat. appreci ably
erove. SSTBHEHORSERTIRAALEYS i pOTh e PR layepdf Dnfiiedd P IRROR ed o
preferably fromabout 1.8 to 2.2 psi and nore preferably about 2.0 psi for
pr ef er althg pprigonsallo 82 offearrier Byes 86 ovddyirgrie patterrmdedieleshiiglagpoild. 50.
seconds (by tinme). Further processing may then proceed. For exanple, the
structure of Fig. 5 may be cleaned and a silicon nitride (SiaN4 or
nitride) |layer nmay be deposited.

This second,_- final metal layer 18" polish/barrier layer 16 éxposure,
polish is a low pressure polish ush}é Full Scan- En&point (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 I;referably 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




‘The inventors have found that besides: (1) being | ess expensive and sinpler
"that' the processes known to the inventors since neither a specific barrier-

| ayer-slurry nor an extra barrier-layer-etch-step are required; and (2) the
14 throughput, i.e. the wafers per hour, is inproved; the same performance
is achieved when polishing copper netal |layers 18 in accordance with their
present invention including defects, resistance (Rs) value and stress
mgration (SM test. One of the nobst serious problens in Cu-based

mul tilevel integration is the failures in stacked via resistance caused by
stress-induced voids in via holes. So passing the SMtest by the
structure(s) ssecidy. BaReaRtansessb pllidiife BRIOMISI mbhffphaRaTy | Nvent!on
is the index - . A better sliope of pattern density

correl ating. W,. ' ' ] ared.to the current
pr ocess esRAGwR—1 : R S il & Sgber et al

| ayers 18 in accordance mnth the|r present |nvent|on the i nventors have

Advantages of the‘Present Inventlon

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

13




‘The advantages of one or nore enbodi ments of the present invention
1. sinpler nmethod; 2. |ess expensive nethod; 3. inproved dishing,

I ncl ude:
er osi on

and tiger teeth; 15 4. increased wafers/hour is achieved; 5..
test passed; and 6. Rs val ue acceptable. Wile particular enbodi nents of

the present invention have been illustrated and described, it is not
intended to |imt the invention, except as defined by the follow ng

cl ai ns.

conprising the steps of: providing a structure having an upper patterned

16 CLAIMS W claim 1. A nethod of polishing a netal |ayer,

dielectric layer; the

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

Composition with BTA to buff the exposed portions 24, 26 of the pétterned

- - dielectric layer 12 to form buffed exposed portions 24’, 26" 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 to 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

simpler 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
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patterned dielectric |layer having an opening formed therein; formng a
"barrier layer over the patterned upper dielectric |ayer, 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 sl r i-4..0n, .t 4. olLish Ving the
exposedqgg$%$§$&1gﬁéFH%or?ﬁﬁaggingbggpgs]ﬁgnkgﬁéggﬁy%%%gpg%%ﬁgﬁgg%fh?he
patterned Uppgr di el ectric layer; and conducting a fourth_ polish step

enpl oyi R§eNEd S golishing Foppsh sgtal Brersaiseacordpace wigh heiopresentst ep
buffing the exposed upper dielectric layer portions. 17 2. The nethod of

cl ai m 1inwrdie mdindingidefectyotassmseaiRs) yahenaiud tsexdso migrdtiors (Sh) adstn; t he
second and third polish steps are conducted on a second platen; and the
fourth One of the most serious problems in Cu-based multilevel integration is the failures

in stacked via resistance caused by stress-induced voids in via holes. So passing the
SM test by the structure(s) formed in accordance with the method: 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




.polish step is conducted on a third platen. 3. The nethod of claim1,
“wher'ein the first slurry conposition is 600y-73 slurry manufactured by
Cabot M croel ectronics conprised of A1203: fromabout 0.4 to 0.6 wt. %
H202: fromabout 2.6 to 3.4 wt. % KOH to adjust pH value; and BTA as a
corrosion behavior inhibitor. 4. The nethod of claim1, wherein the first
slurry conposition is 600y-73 slurry manufactured by Cabot

M croel ectronics conprised of A1203: about 0.5 w. % H2O2: from about 2.8
to 3.2 w. % KOH to adjust pH value; and BTA as a corrosion behavi or
inhibitor. 5. The method of claim1, wherein the first slurry conposition
is 600y-73 slurr nuf.act.ur ed by Cabot M croel ectroni'cs having: a) a pH
of from abou#'?%eats‘ggﬁf. rs%hﬁ.lmigc}_ueveg;

5. SM 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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b) a particulate size of from about 115 to 155 nm weight basis. 6. The
"met hod of claiml, wherein the first slurry conposition is 600y-73 slurry
manuf act ured 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. 7. The nethod
of claim1l, wherein the second slurry conposition 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. 8. The nethod of claim1,
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 claim1, wheCEBAIMS e 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 b) a particulate size of fromabout 125 to 185 nm
wei ght basi s.

- 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




.19 10. 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 10.0 to 11.2; and b) a particulate size of fromabout 130 to 180 run,
wei ght basis. 11. The nethod of claim1, wherein the fourth polish step
enpl oys the second slurry conposition that is SS6 slurry manufactured by
Cabot M croelectronics conprised of: SiQ2: fromabout 5.8 to 6.2 wt. %
and KOH to adjust pH value; and from about  0.10 to 0.14% BTA. 12. The
met hod of claim 1, wherein the fourth polish step enploys the second
slurry corrp05|t|on that is SS6 slurry manufactured by Cabot
M cr oel ectZ The oethabofudaised] whereﬁt@ﬁrﬂt;mltsh%t@ mfcon%ctaimhalﬁ@ﬂplmteadj ust
pH val ue; and about 0.12% BTA.

the second and third polish steps are conducted on a second 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 2.6t034wt. %;
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

18




20 13. The nmethod of claim1l, 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 9.8 to 11.4; and b) a
particul ate size of fromabout 125 to 185 run, weight basis; and from
about 0.10 to 0.14 % BTA. 14. The nethod of claim1l1, wherein the fourth
polish step enploys the second slurry conposition that is SS6 slurry
manuf act ured 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, wei ght
basis; and about 0.12% BTA. 15. The nethod of claim11, wherein: the first

pol i sh st ep i s b}ampditidudite gize of Ginadiaiit 125 th 155 ndn dwvgight bogs. f r om about 36 to
44 seconds; and then at fromabout 1.0 to 1.4 psi for fromabout 18 to 22

seconds;

6. The method of claim 1, wherein the first slurry composition is 600y-73 slurry
manufactured by Cabot Microelectronics having:
a)apH of about 471; 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. %; and

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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‘the second polish step is conducted at fromabout 1.0 to 1.4 psi for from
"about 41 to 49 seconds; 21 the third polish step is conducted at from about

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.
16. The nmethod of claim1l, 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 claim 1, wherein the structure is a
sem conductor substrate. 18. The nethod of claim 1, wherein the upper

patt er ned ¢ eh8GtLihGal @Y&Lin coppriged of siplicon oxide silicon nitride,
FSG or si I]i@con g%(l%'lgflrc?de; k E’e art | et?[e P rSIP%rYCCoOIW‘?Sg%ddl b éﬁ%é;%"ﬁrry Ta;
and the netal |ayer.is conprised of copper
manuiJachlred ﬂ)y Cabor’zphﬁa‘oelectronicspﬁvmg: '
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
3 ~ slurry composition that is 556 slurry méﬁufactured by Cabot Microeléctronics
cdmprised of: o |
5i02: about 6.0 wt. %; and
KOH to adjust pH value;

and about 0.12% BTA.
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calum numor gold. 22 19. The nethod of claim 1, wherein the upper patterned
‘dielectric layer is. conprised of silicon oxide; the barrier layer is
conprised of TaN, and the netal |ayer is conprised of copper. 20. The

met hod, of claim1l, wherein the patterned dielectric |ayer is from about
10,000 to 12,009k thick; and the barrier layer is fromabout 250 to 350A
thick. 21. The nmethod of claim1l, wherein the patterned dielectric layer is
about 11, 100A thick; and the barrier |ayer 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 parti al3. The emahedobalsgnd ¥ iwigremtia fddytepolishsstereinbldyk Biessecond about
7000A. 24. A rret hod of polishing a nmetal layer, conprising the steps of :

provi di ng ﬁl:déﬁ oAt SE?G[EI %mﬂﬁﬁ&&fe’aﬁgrréﬁ t8icf defeckd s1 the

patterned diefect ayer aV|n n openi ng med thereln; ornlng a
barrier Ialya%%é)_ver the patterned upper dielectric |ayer, the barri er

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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‘layer lining the opening; 23 formng a netal |ayer over the barrier |ayer,
‘fill'ing the opening; conducting a first polish step on a first platen
enploying a first slurry conposition, the first polish 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 renoved overlying netal |ayer and exposing
portions of the barrier |ayer overlying the patterned upper dielectric

| ayer; conducting a third polish step on the second platen enploying a
second slurry conposition, the third polish step renmoving the exposed

barrier layer jﬂ@ﬂﬁhpﬁ§mﬂﬂﬂ§§&ﬂ&&ﬁﬁﬁmﬁ@@QﬁkﬂhBQu@PSEéQﬂ%m?&m&ﬂﬁnﬁﬁbh?rned
upper dielectric layer; and conducting a fourth polish step on a third

pl aten e i S nd slurry conposition and BTA, the fourth polish
step buf?ﬁﬁg¥gﬁge%€%%§§1 upper dielectric |ayer portions. 25. The method

of .claim24, wherein the first slurr onposi tion_is 600y-73 slurr
A the fourth pcﬁjs step is condudted at from about 1.8 to 2.2 pysi or from ab%ut

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.
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 A1203: from about 0.4
‘to 0.6 wt. % H202: fromabout 2.6 to 3.4 wt. % KOH to adjust pH val ue;
and BTA as a corrosion behavior inhibitor. 24 26. The nethod of claim 24,
wherein the first slurry conposition is 600y-73 slurry manufactured by
Cabot M croel ectronics conprised of: A1203: about 0.5 w. % H202: from
about 2.8 to 3.2 wt. % KOH to adjust pH value; and BTA as a corrosion
behavi or inhibitor. 27. The nmethod of claim 24, wherein the first slurry
conposition is 600y-73 slurry manufactured by Cabot M croel ectronics
having: a) a pH of fromabout 2.8 to 4.3; and b) a particulate size of from

about 115- n I.ght basis 8. The nethod of claim 24, wherein the
first slur ﬁ@ﬂf@ e CE A 168 ?eﬁgtzr@mnpﬁypaﬁemeg dielectric layer is
comprised of silicpn oxide; the barrier layer is comprised of TaN; 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 claim 1, wherein the partxa]ly removed overlymg metal layer has

a tluckness 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
lpatternedr 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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-manuf.actured by Cabot M croel ectronics having: a) a pH of about 4.1; and b)
‘a particul ate size of fromabout 120 to 150 nm weight basis. 29. The

nmet hod of claim 24, 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 25 KOH to adjust pH value. 30. The nethod of claim 24,
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
val ue. 31. The nethod of claim 24, 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 b) _a particulate sjze gf fromabout 125 to 185 nm
wei ght basi s. @Wé%@lﬂwr@ﬁe&ﬂ}fimﬂﬁhﬁﬁe%ﬁlﬁ REPS¥EENd slurry

conposition is SS6 slurry ‘
conducting a first polish step on a first platen employing a first slurry

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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-manuf act ured by Cabot M croel ectronics having: a) a pH of fromabout 10.0
‘to 11.2; and b) a particulate size of fromabout 130 to 180 run, weight

basis. 33. The nmethod of claim24, wherein the fourth polish step enpl oys
the second slurry conposition that is SS6 slurry manufactured by Cabot

M croel ectronics conprised of. SiQ2: fromabout 5.8 to 6.2 wt. % and 26
KOH to adjust pH value; and from about 0.10 to 0.14% BTA. 34. The net hod
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: Si®2: about 6.0 wt. % and KOH to adjust pH value; and
about 0.12% BTA. 35. The nmethod of claim 24, wherein the fourth polish step
enpl oys the second

- 26, The method of claim 24, wherein the first slurry composition is 600y-73 slurry
manufactured by Cabot Microelectronics 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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.slurry conposition that is SS6 slurry manufactured 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; and from about
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
by Cabot M croelectronics having: a) a pH of fromabout 10.0 to 11.2; and
27 b) a particulate size of fromabout 130 to 180 run, weight basis; and
about 0.12% BTA. 37. The nethod 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 tkgn{aimﬁﬁgﬂﬂgbgn&_l.o 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

30. The method of claim 24, wherein the second slurry composition is 556 shurry
manufactured by Cabot Microelectronics comprised of:
510z 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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rabout 41 to 49 seconds; the third polish step is conducted at from about
"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 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. 28 39. The nethod of claim 24, wherein the structure is a
sem conduct or substrate. 40. The nethod of claim 24, wherein the upper
patterned di el KOH toadjespet] vaue;conpri sed, of silicon oxide, silicon
nitride, FSG or silicon oxynitride; the barrier, layer is conprised of TaN
or Ta; angnd ReniBbcitol1ayen.14% Boapri sed of copper, al um num or gol d.

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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.41. The nethod of claim 24, wherein the 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. 42. The nethod of claim 24, wherein
the patterned dielectric layer is fromabout 10,000 to 12, 000A thick; and
the barrier layer is fromabout 250 to 350A thick. 43. The nethod of claim
24, wherein the patterned dielectric |ayer is about 11,100A thick; and the
barrier layer is about 300A thick. 44. The nmethod of claim 24, wherein the
partially renmoved overlying nmetal |ayer has a thickness of from about 6000
to 8000A. 29 45. The nethod of claim 24, wherein the partially renoved
overlying netal layer has a thickness of about 7000A. 46. A nethod of
pol i shing - a nebph phdirelate sieerpf framradpouh#30stbdp8 nof, weighitdwisid) ng a structure
havi ng an upper. patterned dielectric layer; the patterned dielectric |ayer
havi ng an ;ggembien 1oy wgd therein; formng a barrier |ayer over the
patterned upper dielectric layer, the barrier layer |ining the opening;
37. The method of claim 24, wherein:

the first polish step is conducted at from abott 2.0 to 2.4 psi for from about
36 to 44 seconds; and then at from about 10 to 14 psi for from about 18 to 22
seconds;

the second polish step is conducted at from about 1.0 to 14 psi for from
“about 41 to 49 seconds;

the third polish step is conducted at from about 1.8 to 2.2 psi for from about
31 to 39 seconds; and

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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-formng a nmetal |ayer over the barrier layer, filling the opening;
"conducting a first polish step enploying a first slurry conposition, the
first polish step renpbving a portion of the overlying netal |ayer; wherein
the first slurry conposition is 600y-73 slurry manufactured by Cabot

M croel ectronics conmprised O .. A1203: fromabout 0.4 to 0.6 wt. % H202:
fromabout 2.6 to 3.4 w: % KOH to adjust pH value; and BTA as a
corrosi on behavi or inhibitor conducting a second polish step enploying the
first slurry conposition, the second polish step polishing the partially
removed overlying netal |ayer and exposing portions of the barrier |ayer
overlying the patterned upper dielectric layer; 30 conducting a third

pol i sh st &9 Ehpmephathofclaimcinsvherein the stomgiees is popmiqopductonpylbtysde.i sh st ep
removi ng the exposed barrier | ayer portions and exposing underlying
portions of the patterned upper dielectric |layer; wherein the second
slurry conposition is SS6 slurry manufactured by Cabot M croel ectronics
' 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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-conprised of. SiM2: fromabout 5.8 to 6.2 wt. % and KOH to adjust pH

"val ue; 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 |ayer portions. 47. The net hod of
claim46, 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 nethod of claim
46, wherein the first slurry conposition is conprised of- A1203: about 0.5
w % H202: fromabout 2.8 to 3.2 wt. % . KOH to adjust pH value; and BTA
as a corrosion behavior inhibitor. 31 49. The nethod of claim 46, wherein
the first &l Uheymetbopadicddimridasierein 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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‘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 nmethod 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 pHof from
about 10.0 to 11.2; and b) a particulate size of fromabout 130 to 180 nm

wei ght basis. 3AdbdingldihinEpdins p ahploirtha satBRH iy Etﬁnfx%ﬂlﬁérb tR@' ish .
step enpl oys the second sl urry conp05|t|on conpri sed of:

third polish step removing the exposed barrier layer portions and exposing

underlying portions of the patterned upper dielectric layer; wherein the second

slurry composition is 556 slurry manufactured by Cabot I\/ﬁcroélectronics

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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+Si 2: about 6.0 wt. % and KOH to adjust pH value; and about 0.12% BTA.
"55. 'The nethod of claim46, wherein the fourth polish step enpl oys the
second slurry conposition that is SS6 slurry manufactured by Cabot
M croel ectronics having: a) a pHof fromabout 9.8 to 11.4; and b) a
particul ate size of fromabout 125 to 185 run, weight basis;; and from
about 0.10 to 0.14% BTA. 56. The nethod of claim46, wherein the fourth
polish step enpl oys the second slurry conposition that is SS6 slurry
manuf act ured 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 nm wei ght
basis;. and about 0.12% BTA. 57. The nethod of clainm6, wherein: 33

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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‘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 i's 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 stepis
conduct ed 5it Thbaisthct Of qisiim 46) et thSfous el sténemplofe teaiseddd pol i sh
step is conducted at about 2.0 psi for about 50 seconds. 59. The nethod of

cl aim 46, ﬂ@@f%bﬂlbgﬁ ﬁk&ﬂﬁ&gé& £s a semconductor substrate. 60. The
met hod of claim 48» Wr?erei theoupper ‘patterned dielectric layer.is

Si0s: about 6.0 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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~conprised of silicon oxide, silicon nitride, FSG or silicon oxynitride; the
‘barrier 34 pga’ {p& layer is conprised of TaN or Ta; and the netal |ayer

is conprised of copper alum numor gold. 61. The nethod of claim 46,
wherein the upper patterned dielectric layer is conprised of silicon
oxide; the barrier layer is conprised of TaN, and the netal layer 18 is
conpri sed of copper. 62. The nethod of claim46, wherein the patterned
dielectric layer is fromabout 10,000 to 12;000A thick; and the barrier

| ayer 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

| ayer is about 300A thick. 64. The nethod of claim46, wherein the '
partial | y renovedfisyeolish sigpietalddctdedt frdtasbaut Di0ak2espsigbr fropiahgut 6000
to 8000A. 65. The nethod of claim46, wherein the partially renoved

overlying 3aBbal4 sRpRHs; dMStRn! {tl fEReAHuRT.ARPYY FE4BA A from about 18 to 22
seconds; |
the second polish step is conducted at from about 10 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.
-89 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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+ 35 ABSTRACT  BARRI ER- SLURRY- FREE COPPER CMP PROCESS A nethod of polishing
"a metal |layer conprising the follow ng steps. A structure having an upper
patterned dielectric layer with an opening therein is provided. A barrier

| ayer is fornmed over the patterned upper dielectric layer and lining the
opening. A netal layer is formed 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 |ayer; and to expose portions of the
barrier |ayer overlying the patterned upper dielectric layer. Athird

pol i sh st elpyenl eythpgsal sedaNdos Ty apdchrpostd ilayer B coponedt 66 chbppéenmove
t he exposed barrier layer porti.ons and exposing underlying portions of the

patterned j1ppehudIglegdric layer. A fourth polish step enploying the
second slurry conposition and BTA is conducted to buff the exposed upper

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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~dielectric layer portions. (FIG 1)

ABSTRACT
BARRIER-SLURRY-FREE COPPER CMP PROCESS
A met't@d of polishing a metal layer comprising the following steps.
A structure having an upper patterned dielectric layer w1th an opening therein is
provided. A barrier layer is formed over the patterned upper dielectric layer and

lining the opening. A metal layer is formed over the barrier layer, filling the

B opening. A first polish 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

metal Jayer; and to expose portions of the barrier layer overlying the patterned

“upper dielectric layer. A third polish step employing a second slurry composition is

conducted to remove the exposed barrier layer portions and exposing underlymg

portions of the patterned upper dielectric layer. A fourth polish step employing the

second slurry composition and BTA is conducted to buff ‘the exposed upper

-~ dielectric layer portions.

(FIG. 1) -
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