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

nmet 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 |layer opening and covers the top of the
patterned oxide |ayer; and 3) a netal |ayer, usually copper, forned over
the patterned dielectric layer, filling the barrier, |ined opening. In
order to planarize, or polish, the netal |layer to forma planarized netal
structure within the barrier lined opening in the dielectric layer,. a .
variety of polishing steps with various slurries are enpl oyed.

| BARRIER—SLURRY—FREE COPPER CMP PROCESS
This applicaﬁon 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 metal layérs.



U S. Patent No. 6,217,416 Bl to Kaufman describes a first and second CW
slurry wherein the second slurry includes an abrasive, an oxidi zi ng 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 al. describes a multi-step CUP systemused to

polish a wafer to form nBAGIKGRGUNINOFCIREINVENTEHREt ric layer  upon
whi ch barrier and netal Tayers have been forned. U S. Patent No. 6,447,371

B2 to Brusic Kaufrman et al. describes a chem cal nechanical polishing
slurry. useful. for copper/tantalum substrates. U S. Patent No. 6,313,039
131 to Snall et al. describes a. chem cal nmnechanjcal polishing conposition
and process. U.S. Parig mRel/ expmg, Cb@@@im@l%mh 9leﬁfémg@roce§&e§cﬂubes a
chemi cal

films/materials are encountered. 1) A pattemed dielectric layer, usually silicon

oxide (oxide), within which an opening is formed; 2) a barrier léyef which lines the
oxide layer opening and covers the top of the patterned oxide -Iayer,“ and 3) a metal
layer, usually copper, formed over the patterned diele;ch'ic layer, filling the barrier _
. lined opening. In order to planafizg, or polish, the metal layer Vto forﬁ_a planarized
metal structure within the barrier ljﬁed opénjng in the dielectric Iayer, a variety of

_- polishing steps with various slurries are employed.

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

cMP slurry wherein the second slu.fry includes an abrasive, an oxidizing agent and

acetic acid Whereiﬁ the weight ratio of oxidizing agent/. acetic agent is at least 10
and wherein the two slurries ﬁe seqﬁentia]ly used in a method to polish a substrate |

containing copper and containing tantalum or tantalum oxide ér both tantalum and

tantalum oxdde.

~ US. Patent No. 6,338,744 B1 to Tateyama et al. desmbe a hlgh purity

pohshmg slurry comprising water and dispersed silica particles.



mechani cal polishing slurry. 3 SUMMARY OF THE | NVENTI ON Accordingly, it is
an object of one or nore enbodi nents of the present invention to provide
an i nproved net hod of polishing netal |ayers. O her objects will appear
hereinafter. It has now been discovered that the above and ot her objects of
the present invention may be acconplished in the foll ow ng manner.
Specifically, a structure having an upper patterned dielectric layer with
an opening therein is provided. A barrier layer is formed 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 glaiPayei QIR0 B8 BP +6 PdtGIES 510de§&ﬁ}%¥ea ﬁm?@-rstc PN of
the overlying netal layer. A second polish step enploylng the rrst slurry

conposit} is.conducted t.o; poljish the partially renoved.gverlying netal
| ayer; a gﬁ?@’ S&?(‘Bo%sgaﬁ&ﬂoﬁ"@oﬁ‘l? VS‘?fe’E Pfé%%%e@ﬁ W@V%%““S%Wﬁcgﬁleﬁw la¥er er ned
upper dielectric |layer. Athird polish step enploying a second slurry
conposi t tpen Mahick bardise aad mefal laprensdavedeen forseml.barri er | ayer portions and
exposi ng underlying" o _

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

chemical mechanical polishing slufry_useﬁﬂ for copper/tantalum substrates.

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

- mechanical polishing composition and process.

U.5. Patent No. 6,530,968 B2 to Tsuchiya et al. describes a chemical -

mechanical polishing slurry,



portions of the patterned upper dielectric layer. A fourth polish step
enpl oying the second slurry conposition and BTA is conducted to buff the
exposed upper dielectric layer portions. 4 BRI EF DESCRI PTI ON OF THE
DRAW NGS The present invention will be nore clearly understood fromthe
foll ow ng description taken in conjunction with the acconpanying draw ngs
in which like reference nunerals designate simlar or correspondi ng

el enents, regions and portions and in which: Figs. | to 5 schematically
illustrate a preferred enbodi nent of the present invention. 5 DETAI LED

DESCRI PTI ON OF THE PREFERRED EMBODI MENT Processes Known to the Inventors - -

Not to be Considered PrioguAMARY OehopiRyERTROACOPpEr cheni cal

~ mechani cal polishing processes are known to the inventors and are not to
be considered prior art for the purposes of this invention.

Accordingly, it is an object of one er more embodiments of the present

. invention to provide an jmproved method of polishing metal layers.
Other objects will appeaf hereinafter.

It has now been discovered that the above and other objects of the
‘present invention may be accomplished in the -following manner. Specifically, a.
structure having an upper patterned dielectric layer with an opening .thereiﬁ_is
provided. A barrier lay-er is formed over the pattemed upper dielectric layer and
lining the opening. A metal layer 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 shury coﬁlposiﬁon is conducted to: polish the partially removed overlying
metal layer; and tb expose portions of the barrier layer overlyi;lg the patterned
upper dielectric layer, A third polish step employing a secoﬁd slurry éomposition is
conductéd to remove the exposed i)arﬁer layer portions and exposing urlderlying
porﬁbns of the pattérned uppér dielectric layer. A fourth polish step employing the
second slurry composition and BTA is conducted to buff the exposed upper

dielectric layer portions.



For exanple, when the barrier layer is tantalumnitride (TaN), 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 w o oxide rate); (2) Cu slurry polish -> TaN
slurry polish -> oxide slurry buff (w BTA to selectively not renove 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
remove the TaN barrier layer fromover the top of the patterned oxide

| ayer; and option (3) requires extra dry etch tools to renove the TaN

barrier layer from OVQTRIEWDFQ@B@Ei@ﬂ@FEIt}?Em?WTN@S' ayer. The use of
either 6 of these thrée methods nmakes | I cu nprove the

. throughput of the Cu CWMP process. Present Inventlon - Initial Structure -
Fig. 2 Fig. l-illustrates the initial. structure 'of the present invention.
Structure 10 includes patterned dielectric layer 12 fornmed thereover to a
t hi ckness of The present invention will be more clearly understood from the

following description taken in conjunction with the accompanying drawings in
which like reference 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.



preferably fromabout 10,000 to 12, OO0A 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 (I1PO, internetal dielectric (IMD), etc.) forned
over the wafer surface. The term"sem conductor structure" is neant to

i ncl ude 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 (Si ON)
and i's nore pEFEAREY DESCRIMTIONORTHE PREFERRISENEOBIMERT aver 12

i ncludes an opening 14 formed therein which may be a dual damascene opening

" as shown in the figures A barrier layer 16 is preferably fornmed over
patterned dielectric 12, [lining opening 14. Barrier layer 16 is preferably
formed b . phyS| cal vapor deposition
(PVD) andi9a5758S SMOMER 1oing In i Sala Y PVD) .

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

of this invention.

o For example, when file barrier layer is tantalum nitride (TaN), the
dielectric layer is silicon oxide (oxide) and the metalilayer is copper (Cu), three
. polishing options are currently used:
| (1) Cu shurry polish -> TaN slurry polish (w/ or w/o oxide rate);
(2) Cu slury polish -> TaN slurry polish -> oxide slurry buff (w/ BTA to
selectively not remove Cu); and

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

-However, options (1) and (2) require consumption 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

- TalN barrier layer from over the top of the patterned oxide layer. The use of either



Barrier layer 16 has a thickness of preferably fromabout 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 layer 18 is then forned over
barrier layer 16, at least filling barrier l|ayer-lined-opening 14. Metal

| ayer 18 is preferably fornmed by electro- chemcal plating (ECP). Metal

| ayer 18 has a thickness of preferably from about 6000 to 8000A. and nore
preferably about 7000A. Metal layer 18 is preferably conprised of copper
(Cu), alum num (Al') or gold (Au) and is nore preferably copper (Cu). 8

POLI SHI NG OF METAL LAYER 18 - FIGS, 2 - 4 As discovered by the inventors of
the presgithesetedd hifhodiahhkarit diffiealk tb ehpteyeethesidHptt D dhé LunOMTa
-barrier-layer-etch are necessary to renove the barrier |ayer 16 over the
patterne]:déglectric | ayer 12. Only two different slurries are needed to
polish/r FOVe" t hree different types of filnms (metal |ayer 18, barrier

| ayer 16 and patterned dielectric layer 12). 9 '

Present Invention - Initial Structure - Fig. 2

Fig. 1-illustrates the initial structure of the present invention. Structure
10 includes fattemed dielectric layer 12 formed thereover to a thickness of

preferably from about 10,000 to 12,000A and more preferably about 1;1,10013'1. '

Struc’a-l.re 10 is preferably a‘ silicon substrate and is understood té
possibly include a semiconductor wafer or substrate, active and passive devices
formed within the wafer, conductive layers and dielectric 1ayers‘ (e.g., inter—Polj
oxide (IPO), intermetal dielectric (IMD), etc.) formed over the wafer surface. The
term ”semiconductor structure” is meant to include devices formed within a

semiconductor wafer and the layers overlying the wafer.

Patterned dielectric layer 12 is preferably comprised of silicon oxide,
silicon nitride (SiN), FSG or silicon oxynitride (SiON) and is more preferably silicon

oxide.



First Step Polish - First Platen - First Slurry Conposition - Fi . 2 As
shown in Fig. 2, the wafer/structure of Fig.1l nay be placed upon a first

platen in "a polishing tool and polished with a First Slurry Conposition to

.polish/ renove the bulk of netal |ayer 18 |eaving reduced netal |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. The First Slurry Conposition is conprised of 600y -
Slurry wherein: 600y-73 Slurry -- Cabot copper (Cu) filmpolishing slurry
(rt-kannfactured by Cabot M croel ectronics, 8A-7, No. 26, Tai-Yuan St.,

Chu Pei, Hsin Chu M&ﬂedm@@fﬁc 18P Bz@u@uaescmeaﬁ% o fored herein

preferably from about 0 to 0.6 . % and nore preferably about 0.5
% H202 fer about 2.6 to 3. nmore preferably from
aboun - 5vBiaP et &g RaRRaMs iy 4 bl RN RTRLL, B0 Tl arole (1.1

benzotri azol e or BTA) as a corrosion behavjor - -inhibitor; and having

A barrier layer 16 is preferably formed over patterned dielectric 12,
lining opening 14. Barrier layer 16 is preferably formed by electro-chemical plaﬁﬁg |
~(ECP) or physical vapor deposition (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 barrier layer 16, at least filling
barrier layer-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 preferably comprised of

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



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 nm weight basis
and nore preferably fromabout 120 to 150 nm weight basis: This first,
bul k netal layer 18, polish is a high rate, bulk netal renoval using an

i Scan Endpoint-(Applied Material real time Cu ln Situ Rate Mnitor (ISRM
Endpoi nt System t hi ckness nonitor using eddy current to catch 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 from

"about 1.0 to 1.4 psi RORISHING Ora{ETall yagpRuts 1rspsi-4f or  preferably from
about 18 to 22 seconds and nore preferably abouf 20 seconds (by tune). '

"Second Ste Polish - Second Platen - First Slur 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 -
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 patterned dielectric layer 12. Only two different slurries
are needed to polish/remove three different types of films (metal Iafer 18, barrier

Jayer 16 and patterned dielectric layer 12). .



11 Conposition described above to polish the netal |ayer 18" surface 19 and
to expose the portions 20, 22 of barrier |ayer 16 overlying the patterned
dielectric layer 12. This second,- final netal |ayer 18" polish/barrier

| ayer 16 exposure, polish is a |low pressure polish using Full Scan
Endpoi nt (Applied Material In Situ Rate Mnitor (1SRN~ Endpoint System
using a |l aser beamto catch polishing end -tine) at preferably from about
LOto 1.4 psi and nore preferably about 1.2 psi for preferably from about
41 to 49 seconds and nore preferably about 45 seconds (by e-nd-point)-
Third Step- Polish - Second Platen - Second Slurry Conposition - Fig. 4 As

shown | MEiréiBted Polifie- WbEPlatH L PRdiIGndiCdiosifion S Fiton pol [ shed wi th a
Second Slurry npositron on € second platen to renove the portions 20,
22 of 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 SemAspeaweiDFimI2 Se wafes/ strugiureaptiiignhmedyabe placed mpon

a first platen in a polishing tool and polished with a First Slurry Composition to
polish/remove the bulk of metal layer 18 leaving reduced metal layer 18" having a
thickness of preferably from about 2000 to 4000A and more preferably about 3000A

above the barrier-layer-16-lined patterned dielectric layer 12.

The First Slurry Composition is comprised of 600y - 73 Shurry wherein:

600y-73 Slurry - Cabot copper (Cy) film polishing shurry (manufactured by

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

Taiwan, 203 R.0O.C.) comprised of;

Ales: preferably from about 0.4 to 0.6 wt. % ahd more preferably about 0.5
wt. %;
H2Oq: preferably from about 2.6 t0 3.4 wt. % and more preferably from about
| 28t032wt %;
KOH to adjust pH vatue; and

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

and having

10



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: SiQ2: preferably fromabout 5.8 to 6.2 w. % and nore
preferably about 6.0 wt. % and KOH to adjust pH value; and having a) pH
preferably fromabout 9.8. to 11.4 and nore preferably fromabout 10.0 to
11.2 ; and b) size of particles: preferably fromabout 125 to 185 nm

wei ght basis and nore preferably fromabout 130 to 180 nm wei ght 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 tinme). Fourth Step Polish

--Third PI aten - Second Slur ,reposition + BTA - Fi,g. 5 13 As shown in
- Fig. 5, the / st.ryctur of Fig. 4 may betransferredto athird
‘platen B ¢ rPrf’ albléf% ﬁ@ 14 2 kO ﬁﬁ@@@?@@@fw}t’ abpet &deandl Slurry

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

preferably from about 120 to 150 nm, Weight basis.

This first, bulk metal layer 18, polish is a high rate, bulk metal
| ,.removal using an iScan Endpoint {(Applied Material real time Cu In Situ Rate

Monitor (ISRM) Endpoint System ﬂ)icknéss monitor using eddy current to catt;h
polishing end t:me) at: |

(1) preferably from about 2.0 to 2.4 psi and more preferably 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 more.préferably about 1.2 psi for
preferably from about 18 t022 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

a second platen in the polishing tool and then polished with the First Slurry

11



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 layer 12'. Fromabout 0.10 . to 0.14% and nore
preferably about 0.12% benzotriazole (1-H benzotriazole or BTA) (corrosion
behavior inhibitor) is added to the SS6 Second Slurry Conposition

descri bed above as to be selective to polished netal |ayer 18"' so as to
not appreciably renove polished netal layer 18"'. This fourth polish step
i's conducted at preferably fromabout 1.8 to 2.2 psi and nore preferably
about 2.0 psi for preferably fromabout 40 to 60 seconds and nore

prefer a%dm?@ﬁﬁbn%a%e@@?oﬂsme mitHl 143R% 187 QGRS 1DGNABY Pk

proceed. Fof exanple, the structure of Fig. may be cl eaned and a silicon

‘nitride (Si 3 or . ni:tride). | ayer - _depasited. . The i nven have
Found t e Roetpibad 20 biios e 2 enTing §8 atleeg SR R 17,
processes known to the inventors since neither a specific barrier- ,
l'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 sanme performance

i's - This second, final metal layer 18 polish/barrier layer 16 exposure,
| p'olish' is a low pressure polish usmg Full ScanA 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 ];;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 Sharry 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 oveilying the patterned dielectric layer 12 to expose potions 24, 26

of the underlying patterned dielectric layer 12.

The Second Slurry Composition is comprised of 556 Slurry wherein:

12



achi eved 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
multilevel integration is the failures in stacked via resistance caused by
stress-induced voids in via holes. So passing the SMtest by the
structure(s) formed in accordance with the nmethod of the present invention
is the index for Cu-based process. A better slope of pattern density
correlating with the Rs value is also achieved as conpared to the current
processes known to the inventors. Further, when polishing copper netal

| ayers 18 in %@ﬁx&ﬁn@&bmSMMrﬁe@beﬁﬂﬁhgsmtﬁmtaManufEumdém ors have
found that dishing, erosion and tiger teeth were appreciably reduced.

é\%ggf agEs R &R e BA_EW . bg w&%ﬁ»p@@@mﬁa HEi.nCt'i‘Ru Blidp! @

expensi V’I.ealvr;rfeaglhg[% R% C) %&%{f’% g /S?()r s erc%'slljcalns,}ﬁar[]gdcgﬂl Iglge efet h;

SiQOy: 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.

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 Shurry Composition + BTA - Fig. 5 _

13



15 4. increased wafers/hour is achieved; 5- SMtest passed; and 6. Rs

val ue acceptable. Wiile particular enbodi nents of the present invention
have been illustrated and described, it is not intended to limt the

i nvention, except as defined by the followng clains. 16 CLAIMS W claim
1. 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 fornmed 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;

??pggcti ng a firstaqhonahinskigns, ehpkeégractirs SF Fal. 4hy BOMRasicticano t he
a third platen within the péﬁshing tool and polished with the Second Slurry
Composition with BTA to buff the exposed portions 24, 26 of the péﬁemed
dielectric layer 12 to fofm 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 inhibitor) is added to
the 536 Second Slurry Coniposiﬁon deséribed above as to be selective to polished

rhetal layer 18" so as to not appreciably remove polished metal layer 18",

This fourth polish step-is‘éonducted 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 siructure of

Fig. 5 may be cleaned and a silicon nitride (SisNq 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



polish step renoving a portion of the overlying netal |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 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 conposition and BTA, the fourth polish step buffing the exposed

upper diteethp, liry ahe p@l&felr@(f}ﬁer héu. isThapretdiydthef saxhai perfornvdiereisn t he
first polish step is conducte on a first platen the second and third

l'i sh t
72 conait ey B e HPHGHER PPel: JRNEyBTI I SRS oM i PRSERS Firet
I t 73 s| tu by Cabot
Vi cr ol SBVPINPE SdbtiBe Qg T e FIEHSTWSM)destipoo:

fromabout 2.6 to 3.4 wt. %
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 the present

invention is the index for Cu-based process.

A better slope of pattern density cofrelating with the Rs value is also
achieved as compai'ed to the current processes knoWn to the inventors. Fu:tﬁer,
when polishing copper metal layers 18 in accordance with their present invention,
the inventors havé found that dishing, erosion and tiger teeth were appreciably

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



KOH to adjust pH value; and BTA as a corrosion behavior inhibitor. 4. The
met hod of claim 1, wherein the first slurry conposition is 600y-73 slurry
manuf act ured by Cabot M croel ectronics conprised of: A1203: about 0.5 wt.
% H202: fromabout 2.8 to 3.2 wt. % KOH to adjust pH value; and BTA as a
corrosion behavior inhibitor. 5. The nethod of claim 1, 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 18 b) a
particul ate size of from about 115 to 155 nm weight basis. 6. The method
of claim1, wherein the first slurry conposition is 600y-73 slurry

manuf act ur ed 4oy £ AREE WHHEEPROGCE ReRieGed;havi ng: a) a pH of about 4.1; and b)
a part.i cul ate size of fromabout 120 to 150 nm wei ght basis.

5. SM test passed; and

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

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

by the foHong claims.

16



7. The nethod of claim1l1, wherein the second slurry conposition is SS6
slurry manufactured by Cabot M croel ectronics conprised of. Si02: from
about 5.8 to 6.2 wt. % and KOH to adjust pH value. 8. The nmethod of claim
1, wherein the second slurry 'conposition is SS6 slurry manufactured by
Cabot M croel ectronics conprised of: SiQ2: about 6.0 wt. % and KOH to
adj ust pH value. 9. The nethod of claim1l, wherein the second slurry
conposition 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 from about
125 to 185 nm weight basis. 19 10. The nethod of claim11, wherein the
second slurry conposition is SS6 sl Uek§IMSanuf actured 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.

- We claim:

1. A method of polishing a mefal 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 I'ayer, the barrier
layer lining the openjhg; ' |

forming a metal layer over the barrier layer, filling the opening;

conducting a first polish ste;p employing a first slurry composition, the first
polish step removing a portion of the overlying metal layér; |

conducting a secbnd 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;

conducting a third polish step employmg a-second slurry composition, the |
third polish step removmg the exposed barner layer porhons and exposmg
underlying portions of the patterned upper dielectric layer; and

conducting a fourth polish step employing the second slurry composition

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

17



-11. The method of claim1, wherein the fourth polish step enploys 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 KOH
to adjust pH value; and from about 0.10 to 0.14% BTA. 12. The net hod of
claim1l1, wherein the fourth polish step enploys the second slurry
conposition that is SS6 slurry manufactured by Cabot M croel ectronics
conprised of SiO2: about 6.0 wt. % and KOH to adjust pH value; and about
0.12% BTA. 20 13. The nmethod of claim1l, wherein the fourth polish step

enpl oys the_second _slurry conpositign that is SS6 s urrc%orran_ufa tured by
Cabot ~ M créo&heerethed ebclairhbiwherel tha fiss Retish stsi B Batuctedgen 155t pAateBing

the second and third polish steps are conducted on a second platen; and the fourth

polish step is conducted on a third piaten.

3. The ﬁethod of claim 1, wherein the first slurry composition is 600y—73; slurry -
manufactured by Cabot Microelectronics cbmprised of: |
-Al:Qs: from about 0.4 o 0.6 wt. %;
HzOz:. from a.bout 2.6t03.4 wt. %;
KOH to adjust pH value; and

BTA as a corrosion behavior inhibitor.

4. The ﬁethod of claim i, wherein the first slurry composition is 600y-73 slurry
manufactured by Cabot Microelectronics comprised of:

AlOs: about 0.5 wt. %;

HoO»: from about 2.8 t0 3.2 wt. %:;

KOH to adjust pH value; and

BTA as a corrosion behavior inhibitor.

5. The method of claim 1, 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
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b) a particulate size of fromabout 125 to 185 n m weight basis; and from
about 0.10 to 0.14% BTA. 14. The nmethod 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 having: a) a pH of fromabout 10.0
to 11.2; and b) a particulate size of fromabout 130 to 180 nm wei ght
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 polish step is conducted at fromabout 1.0 to 1.4 psi
for from aboutb)4P5¥‘gC‘ﬂ§e§@é@ﬁ&§F1-@‘ltﬂé5f%ﬁ%‘%db"?lght@ﬁl@p i s conducted at
fromabout 1.8 to 2.2 psi for.fromabout 31 to 39 seconds; and

6. The method of claim 1, 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.

7. The method of claim 1, wherein the second slurry composition is SS6 shurry
manufactured by Cabot Microelectronics comprised of: -
Si0O2: from about 5.8 to 6.2 wt. %; and

- KOH to adjust pH value.

8. The method of claim 1, wherein the second slurry ‘composition is S56 shury
manufactured by Cabot Microelectronics comprised of:
SiOq: about 6.0 wt. %; and

KOH to adjust pH value.

9. The method of daim i, wherein the second slurry composition is S56 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.
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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 claim 1, 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 nethod 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
oxide, silicon nitride, FSG or silicon oxynitride; the barrier |ayer is
conprised of TaN or Ta; and the netal |ayer is conprised of copper

al um num ot0. gdiedmeidd18E cldine 1reiHeoein othe Geadn® dlinphedRpdbitidieisUSREElupat t er ned .

dielectric layer is conprised of silicon oxide; the barrier |ayer is
compri sed PhndAaMNurdd By CaBofBi@belelififits AaiGPPr | sed of copper.
| ~ 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 fourtﬁ polish step employs the second
slurry composition that is 536 slurry manufactured by Cabot Microelectronics
comprised of:

SiOa: from about 5.8 to 6.2 wt. %; and

KOH to adjust pH value;

and from about 0.10 to0 0.14% BTA.

12. The method of claim 1, wherein the fourth polish step employs the second
slurry composition that is 556 slurry m;'mufactured by Cabot Microeléctronics
cdmprised of: o

5i02: about 6.0 wt. %; and

KOH to adjﬁst pH value;

and about 0.12% BTA.
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.20. The nmethod of claim1, wherein the patterned. dielectric layer is from
about 10,000 to 12,000A thick; and the barrier layer is fromabout 250 to
350A thick. 21 The nethod of claim1, wherein the patterned dielectric

| ayer is about 11,100A thick; and the barrier layer is about 300A thick.
22. The nethod of claim1l, wherein the partially renoved overlying netal

| ayer has a thickness of fromabout 6000 to 8000A. 23. The nethod of claim
1, wherein the partially renmoved overlying nmetal |ayer has a thickness of
about 7000A. 24. A nethod of polishing a netal |ayer, conprising the steps
of : prOV|d|ngmg structure having an upper. patterned djelectric |ayer; the

patt er ned H-dheargthed phdaim havihesgindhe &y efishsteremplogs &igsecerfini ng a

barrier layer over the patterned upper dielectric layer, the barrier |ayer
| i ni ng t heslopgriongosR®nfthatris 8§86 dumngtradndfagtereddweCabdid/libareldcaonicayer.,
filling the opening; conducting a first polish step on a first platen
enpl oyi ng Rmﬁhgﬁt;slurry conposition, the first polish step renoving a
portion of the overlying netal |ayer;

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, ﬁrherein the fourth polish step employs the second
_ S-I'UII'Y composi.ti.cm 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 a}.chaut 2.0 t0 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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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 layer; conducting a third polish step on
the second platen enploying a second slurry conposition, the third polish
step renoving the exposed barrier layer portions and exposi ng underlying
portions of the patterned upper dielectric layer; and conducting a fourth
pol-ish step on a third platen enploying the second slurry conposition and
BTA, the fourth polish step buffing the exposed uF er dielectric |layer
portions. 25. Tihe thizdpolistostep lim¢andauteditdrah aboukel 8 ite 22 psi farrfyorsabputi ti on
i's 600y-73 slurry manufactured by Cabot M croel ectronics conprised of:
A1203: fropl edB%HecOndk; b1 0.6 wt. % H202: fromabout 2.6 to 3.4 wt. %
KOH to-adj ust pH value; and BTA as a corrosion behavior inhibitor.

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 co:llducted at about 2.2 psi for about 40 secoﬁds; and
then at about 1.2 psi for about 20 seconds;

the second po]jsﬁ step isconducted 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 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 silicon okide, silicon nitride, ESG or silicon oxynitride; the barrier
layer is comprised of TaN or Ta; and the metal layer is comprised of copper

alummum or gold.



24 26. The method of claim 24, wherein the first slurry conposition is
600y- 73 slurry manufactured by Cabot M croel ectronics conprised of: A1203:
about 0.5 wt. % H202: fromabout 2.8 to 3.2 wt. % KOH to adjust pH

val ue; and BTA as a corrosion behavior inhibitor. 27. The method of claim
24, wherein the first slurry conposition is 600y-73 slurry manufactured by
Cabot M croelectronics having: a) a pH of fromabout 2.8 to 4.3; and b) a
particul ate size of fromabout 115 to 155 nm weight basis. 28. The net hod
of claim24, 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 particul ghepsd REhab i . 5. 29. The
met hod of g éln1%§?ﬁﬁﬁgreln%fﬁgégéﬁgﬁ%ﬁg%ﬁgﬁyéﬁggggggg%g%®?£E886 slurry
manuf act ur %gm%isgg BP ;ﬂicl}gncéxggé; %({’et lga(}?ileg faygp %&ﬁ%%eg fof 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 partially removed overlying metal layer has

a thickness of about 7000A.

24. 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 layer, the barrier

layer lining the opening;
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Si2: fromabout 5.8 to 6.2 wt. % and 25 KOH to adjust pH value. 30. 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: about 6.0 wt.
% and KOH to adjust pH value. 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 fromabout 9.8 to 11.4; and b) a
particul ate size of fromabout 125 to 185 nm weight basis. 32. The net hod
of claim 24, wherein the second slurry conposition is SS6 slurry

manuf actured by Cabot M croel ectronics having: a) a pH of from about 10.0

E)gs |1i 253@'?%?%%‘%%?%@0%‘%@%? aglgf%y?ﬁgﬂ%nﬁg ﬁbg%iﬁg'(s)h nrsnt e\;IJ\Bie?rgf oys
the second slurey, commosition, Lhat | 5,398, SLulty, maul actured by Cabot
composition, the first polish step reinoving a portion of the overlying metal layer;
conducting a second polish étep on a second platen 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 ﬁpper dielectric layer;
conducting a third polish step on the second platen employing a second
slurry composition, the third polish step removing the exposed barrier layer
portions and exposing underlying porﬁoﬁs of the patterned upper dielectiric layer;
and
conducting a fourth polish step on a third platen employing the second
slurry composition and BTA, the fourth polish step buffing the exposeci upper

dielectric layer portions.

25. The mgfhod of claim 24, wherei-n the first slurry composition is 600y-73 slurry
manufactured by Cabot Microelectronics comprised of:

AlQOs: f_rom‘about 04 to 0.6 wt. %;

Hs0s: from about 2.6 to 3.4 wt. %;

KOH to adjust pH value; and

BTA as a corrosion behavior inhibitor.
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conprised of: SiQ2: fromabout 5.8 to 6.2 wt. % and 26 KOH to adj ust pH
val ue; and from about 0.10 to 0.14% BTA. 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 value; and about 0.12% BTA. 35. The
nmet hod of claim 24, wherein the fourth polish step enploys the second
slurry composition 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 nm weight basis; and from about
0.10 to 0.14% BTA '

- ."26j The method of claim 24, wherein the first slurry composition is 600y-73 slurry
manufactured by Cabot Microelectronics comprised of:
" AlOs: about 0.5 wt. %;
HzOz.: from about 2.8 to 3.2 wt. %;
i(OH to adjust pH value; and

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
556 slurry manufactured by Cabot Microelectronics comprised of:

SiOs2: from about 5.8 to 6.2 wt. %; and
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36. 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 having: a) a pH of fromabout 10.0 to 11.2; and 27 b) a
particul ate size of fromabout 130 to 180 nm 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 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 fr&0RBboadjusty3d velu89 seconds; and the fourth polish step is
conducted at fromabout 1.8 to 2.2 psi for fromabout 40 to 60 seconds.

30. The method of claim 24, wherein the second slurry composition is S56 shurry
manufactured by Cabot Microelectronics comprised of:
SiO2: about 6.0 wt. %; and

KOH to adjust pH value.

31. The method of claim 24, wherein the second slurry composition 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:
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.

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

Si0s: from about 5.8 to 6.2 wt. %; and
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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 conductor substrate. 40. The nmethod of claim 24, 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 t he netal r is copprised of copper, alumnumor gold. 41. The
met hod of cIai#?éiFjﬂﬁﬁﬁéﬁﬁv & upper patterned dielectric l'ayer is

conprised of silicon oxide; the barrier layer is conprised of TaN, and the
netal | aped faom pbowtdddrtr Sdd %BTdopper. 42, The nethod of clai m 24, wherein
the patterned dielectric layer is fromabout O

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

SiOz: about 6.0 wt. %; and

KOHto adjust pH vélue';

" and about 0.12% BTA.

35. The method of claim 24, wherein the fourth polish step employs the second
slurry composition that is S56 shurry 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
slurry composition that is 556 shury manufactured by Cabot Microelectronics
having:

a) a pH of from about 10.0 to 11.2; and
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10,000 to 12,000A thick; and the barrier layer is fromabout 250 to 350A
thick. 43. The nethod of claim24, wherein the patterned dielectric |ayer
is about 11,100A e thick; and the barrier layer is about 300A thick. 44.
The nethod of claim 24, wherein the partially renoved overlying netal |ayer
has a thickness of from about 6000 to 8000A. 29 45. The nethod of claim 24,
wherein the partially renoved overlying netal layer o has a thickness of
about 7000A. 46. A nethod of polishing a nmetal |ayer, conprising the steps
of : providing a structure having an upper patterned dielectric |ayer; the
patterned dielectric |layer having an opening forned therein; formng a
barrier |layer over the_ patterned upper dielectric |ayer, the barrier [ayer
lining the opef) Agarticyaie sige af Femaabous R toda nm, eeighirhasisi | ayer, filling
t he opening; conducting a first polish step enploying a first slurry
conposi ti amd dboet 0.12%tBTFol i sh

37. 'Ihe method of claim 24, wherein:

the first polish step is conducted at from abotit 2.0 to 2.4 psi for from about
.36 to 44 seconds; and then a’.c from about 1.0 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 ffom
about 41 to 49 seconds; |

the third polish step is conducted at from about 1.8 to 2.2 psi fér 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

4{} 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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step renoving a portion of the overlying netal |ayer; wherein the first
slurry conposition is 600y-73 slurry manufactured by Cabot

M croel ectronics conprised of: Al 203: fromabout 0.4 to 0.6 wt. % H202:
fromabout 2.6 to 3.4 wt. % KOH to adjust pH value; and BTA as a
corrosi on 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; 30 conducting a third
polish step enpl oying a second slurry conposition, the third polish step

renpy i' ng t X E R cgd Qfaél%ur? %45 Ig\?lyegémgﬂé %ﬂr?%}ﬁfeaigq sg Vﬁﬁdﬂgtor Fﬁéjs%[alté' I ng

portions o e pa erned u ielec ayer, erel second
slurry conposltlon is SS6 slurry manufactured by Cabot M croel ectronics
conprised of: SiQ2: fromabout 5.8 to 6.2 wt. % and

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 15
compriéed of silicon oxide; the barrier layer is comprised of TaN; and the metal

layer 18 is comprised of copper.

42. The method of claim 24, wherein the patterned dielectric layer is from about

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

43, The method of claim 24, wherein the patterned dielectric layer is about 11,10015&

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

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

flas a thickness of from about 6000 to _BOOOA.
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KOH to adj ust pH val ue; 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 nethod
of claim 46, wherein the first slurry conposition is conprised of: A1203:
about 0.5 wt. % H202: fromabout 2.8 to 3.2 wt. % KOH to adjust pH

val ue; and BTA as a corrosion behavior jnhibitor. 31 49. The net hod of

cl ai m 46, ein the first slurry copposition has: . a .pH of _from about
2.8 to 4. 34Y§h g gd &éﬁiﬂ?ﬁf%t@eg?lﬁl pariais Wdﬂ%‘ffﬁ@aw*ﬁwﬁei ght
basis. 50. The nethod of claim46, wherein the first slurry conposition
has: 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 dielectric layer; the |
patterned dieleciric layer having an opening formed therein;
forming a barrier layer over the patterned upper dielectric layer, the barrier
lay-er lining the oiaening;
‘ forﬁu‘ng a metal layer over the barrier layer, filling the opening;
conducting a first pojish step employing a first slurry composition, the first polish
step removing a portion of the overlying metal layer; Wﬁerein the first slurry
composition is 600y-73 slurry manu.factureci by Cabot Microelectronics comprised
of:
AlOs: from about 0.4 to 0.6 wt. %;
HoOz2: from about 2.6 to 3;.4 wt. %;
KOH to adjust pH value; and
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 pH of about 4.1; and b) a particulate size of fromabout 120 to 150
nm wei ght basis. 51. The nethod of claim46, wherein the second slurry
conposition is conprised of: Si02: about 6.0 wt. % and KOH to adj ust pH
val ue. 52. The nethod of claim46, wherein the second slurry conposition
has: a) a pH of fromabout 9.8 to 11.4; and b) a particulate size of from
about 125 to 185 nm weight basis. 53. The nethod of claim46, wherein the
second slurry conposition has: a) a pH of fromabout 10.0 to 11.2; and b)
a particulate size of fromabout 130 to 180 rum weight basis. 32 54. The
met hod of claim46, wherein the fourth polish step enpl oys the second
slurry conposition conprised of | Oz: about 6.0 wt. % and  KOH to adj ust

S
pH val ue;  and cABEUEIRE a thirdgyodish step employing a second slurry composition, the

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 856 slurry manufactured by Cabot Microelectronics
comprised of:

SiOq: 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.

47. The method of claim 46, wherein the first polish step is conducted on a first
?Iaten; 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 comprised of;
AlOs: about 0.5 wt, %; |
H>O0: from abéut 2.8t03.2wt %;
KOH to adjust p}i value; and

BTA as a corrosion behavior inhibitor.
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I 55. The nmethod of claim46, 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 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. 56. The nethod of claim46, 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 particulate size of fromabout 130 to 180 nm wei ght
basis; and about 0.12% BTA. 57. The nethod of claim.46, wherein: 33 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
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 about 4.1; and

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

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

KOH to adjust pH value.

52. 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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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. 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 conducted at about 2.0 psi
for about 35 seconds; and the fourth polish step i s conducted at about-

.0 psi for out 5 con 59.. The. ne f clal 46, wherejn the
structure 5345 %g?%g%%gﬁsw@ﬁ‘?ﬁeefo ogs theisgsdss, wher ei n
t he upper patterned dielectric layer is conprlsed of silicon oxide,
srllconrnﬂmmﬁemnpgﬁmwugnﬁvﬁeh0&xyn|tr|de the barrier 34

SiOz: about 6.0 wt. %; and
KOH to adjust pH value;

-and about 0.12% BTA.

' 55. The method of claim 46, wherein the fourth polish step employs the second
| slurry composition that is S56 slurry ntanufadufed by Ca’ttot Microelectronics
| hatring: 7 | |
a) a pH of from about 9.8 to 11.4; and
b} e particulate size of from a]:tout 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 thet is 556 slurry manufactured b)r Cabot Microelectronics
having:

a) a pH of from about 10.0t0 11.2; and

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

and about 0.12% BTA.

57. The method of claim 46, wherein:
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| ayer is conprised of TaN or Ta; and the nmetal layer is conprised of copper
al um numor gold. 61. The nethod of claim46, 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. 62. The
met hod of claim46, wherein the patterned dielectric |layer is from about
10,000 to 12,000A. thick; and the barrier layer is fromabout 250 to 350A
thick 63. The method of claim46, wherein the patterned dielectric layer is
about 11, 100A thick; and the barrier layer is about 300A thick. 64. The
met hod of cl aim 46, mherein the partially renoved overlying netal layer O.

has a thicknes fro out 8000A. ,65 e neth f cl.ai m 46,
wherein the pa?li“? %fﬁt)f’o 8?}5:8‘}%%@]& a?'ibOPE&&O 2Rt 0 ’iﬁ?%‘k?‘@sf of
about 7000A. 35
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 14 _péi for from
gbout 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.

58. The method of claiﬁ 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 pcﬂish 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 Subs&ate. '

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

- comprised of silicon oxide, silicon nitride, FSG or silicon oxynitride; the barrier
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layer is comprised of TalN 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 oﬁdé; the barrier layer is comprised of TaN; and the metal

layer 18 is compriéed of copper.

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

1_0,000 to 12,‘000[% thick; and the barrier layer is from about 250 to 350A thick.

53. The method of claim 46, wherein the patterned dielectric layer is about 11,10013;

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 6000 to 8000A.

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

h_as a thickness of about 7000A.
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