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place. During polishing, the wafer surface to be planarized is pressed against the rotating
polishing pad by the chuck. Slurry which includes small abrasive particles is provided between
the wafer surface and the pad. The wafer may also be rotated and oscillated over the surface of
the polishing pad.

[0004] Another technique for planarizing substrates is electro-chemical mechanical polishing
(eCMP). Typically eCMP is used to polish metal layers. In eCMP, an electrical potential is
applied to the wafer with an electrolytic planarizing liquid. Electropolishing is conducted under
low pressure.

[0005] However, we have observed that in conventional planarizing processes for copper
(Cu) interconnects, metal corrosion occurs. Such corrosion can be detrimental to reliability.
[0006] It is therefore desirable to reduce Cu corrosion resulting from polishing or

planarization.
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herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations

and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. Various embodiments of the
present invention are described with reference to the following drawings, in which:

[0011] Fig. 1 shows a polishing system in accordance with one embodiment of the invention;
[0012] Figs. 2a-b show a portion of an exemplary wafer whose top surface is polished by the

polishing system;



BRI EF DESCRI PTI ON OF THE DRAW NGS 1001011 n the
drawi nrence char=ters generally refer to the sane
parts throughout the different views. Al so, the
drawi ngs are not necessarily to scale, enphasis:ad
general ly being placed upon illustrating the
principles of the invention. Various ernhodin. eErts of
[0013] he PBiged shdws aprentssdlovafoe pdhstiing bedfenii hedoefaac€witd oh® embodiment
the follow ng draw ngs, which: 100111Fig. 1 shows a
of thed@ldifdhng system in accordance with one enbodi nent of
the i nventi on; [0012]Fi gs, 2a b show a portion of an

[00143 2% ¥h W féol%ﬂ%?sy%t%ﬁl 1§1L$ gnce %Vl ol ﬂ%ﬁgmgqulment of the

ol i sh ng sys e |nven I on,
) a polishing systemin accor dance wi t h anot her
mvenﬁ?r‘?jc%‘flrrent of the invention; and

[0015] Fig. 5 shows a process flow for forming ICs in accordance with one embodiment of
the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0016] The present invention relates to integrated circuits. In particular, the present
invention relates to polishing of a wafer surface to provide a planar surface. In one embodiment,
the invention relates to polishing of conductive materials. The invention is particularly useful
for polishing materials where electro-corrosion can occur.
[0017] Fig. 1 shows a polishing system 100 in accordance with one embodiment of the
invention. The polishing system comprises a CMP system. Other types of polishing system,
such as eCMP, are also useful. Typically, the CMP system includes a wafer carrier 140. The
wafer carrier, for example, includes a cavity 114 for accommodating a wafer 110. A chuck fixes
the wafer in place. A control arm (not shown) is provided to which the wafer carrier is attached.
The control arm moves the wafer carrier into a desired position, for example, wafer mounting or
polishing. During polishing, the wafer carrier is rotated which rotates the wafer.
[0018] The CMP system also includes a platen 120. The platen can be circular in shape.
Other shapes are also useful. Typically, the platen includes a polishing pad 125 attached thereto.
The pad provides a polishing surface for the wafer. For example, the polishing pad can comprise
a textured surface formed from polyurethane. Other types of polishing pads are also useful. The
platen includes a shaft 122 mounted to a base (not shown). The base rotates the platen during
polishing. As shown, the wafer carrier is positioned above the platen in a horizontal
arrangement. Other arrangements of the platen and wafer carrier are also useful, for example,

non-horizontal position or wafer carrier below the platen.



10015]Fig. 5 shows a process flow for formng Ks in
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present invention relates to integrated circuits, In
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dielectric, creating exposed metal lines and intermetal dielectric separating the exposed metal
lines (metal islands separated by dielectric material).

[0021] The RF bias generator comprises an RF source 162. Various types of RF sources can
be used. The RF bias generator can also include an RF matching circuit 163 and a converter
164. The RF matching circuit, for example, ensures that the RF source impedance and load are
matched. The load, for example, can include the equipment (such as platen, wafer holder, and
wiring), processing materials (such as slurry) as well as the other components of the NGB.
Typically, load matching is performed at the setup phase. However, load matching may need to
be performed subsequently due to, for example, changes in the equipment as well as changes in
processing, such as use of different types of slurries. Preferably, the RF matching circuit

comprises a tunable RF matching circuit to accommodate possible changes in the load. The
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deposited on the substrate to fill the trenches. Alternatively, in dual damascene techniques, the

conductive layer fills both trenches and vias 292 for desired interconnections to levels or devices
below. The conductive layer, for example, comprises copper or copper alloy. Other types of
conductive materials are also useful. Typically, a barrier and/or liner layer 296 is provided on

the dielectric layer, lining the trenches (and vias for dual damascene applications) prior to
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reduces corrosion of netals, such as copper. The
negati ve bias creates a negatively charged el ectrical
field on the wafer surface, thereby causing it to act
as a cathode. Mre electrons and/or negatively charged
conmpounds are accunul ated on the wafer surface than
deposﬁﬁ’l%'tﬁé Y&l dciAagad The BRRILA Urer, S‘Maﬂ}?l@d(fmpﬁse@caﬂﬁ)dsie barrier
he negative charged el ectrl c field. This reduces

layer (er tfu&r LR%E MPranta ﬁ{ﬁ :ﬁféﬁ&@de fTab o , erBpdsUrIRddrils 48 alsbRiSeful and

eér surrtace, prevents COffOSI on.

may dypdob8 Mgl s ety Shygior SRR, AU e op surface of
stem The substrate, for exanple, can |nclude

theCOO watiygdaxey pewtlandeni conduct or substrates, such as
silicon or silicon-on-instilator. O her types of .

[0025} ubskigad swvarapratess 308 &irglolishing a suaestin at:@r&aﬁe wathppe embodiment
vari ous stage of processing. In one enbodinent, the

of theStNasmtibal Thé wafdr, fr BRingdle,|iewethe atete] stagé of pocessiigndo pphieh the top
nmetal stage can be any netal stage, for exanple, first

surface¥rhe WEELTEE bd)subiied Jffihé Fafer (BIALL &I B9 wileh Edrrier at step 372.

proceSS|ng stages are also useful. [0024] At the et al

Typlcafl%? 8% ufegté %thehsat%rutgﬁﬁé Ahfer L&t 0P @?fer carrier is moved

efves as an interlevel
dielectric._ ] n one enbodi pent,. the. dj

o pEHRY PLE dfhF Rt Porat g rate e fapapitife %ry Per
types of dielectric materials are_al so useful, qgk

[0026bpenPolipbinead th wafeoreraancnees sheiep Al er Peyes PQH%‘P&W| (carrier)
| ayer. The trenches can be formed 'using various

and platsaveatitanédl Typicklly, theemrseraind phatei argiretatsd injthelsame direction. A
damascene techni ques. A conductive layer 298 is

slurryCi§ BRPEAsRE offd thé 9la§éﬁb§f%ﬁé1§1ﬁg fithetwidn padent mesbertsasface to be polished.
Al ternatively, 1In dual danmascene techni ques, the

Vanogg g&; éf U&rr) B¥iPhe hidelilafid Qeééﬂdf bf %p%&nﬁﬂg ™NAte$ald P prOkess

rconnections eve s or devices bel ow
.The c ayer, L exanp
appllessae?ﬂs%pro&wec@n By B SRR ks F AR cPmoval ofthe
al so usef ul cally, a bather and/or l'iner |ayer
desiregiggategalg PB\W%@G&S?I ot g SersEkctric ayer, |ining the
trenches (and vias for dual damascene applications)
[0027)r | oAfippa dedred sidungpfithated@ngitestaved fioay B surfpge Adhq Varer,
| ayer, for exanple, conprises conposite barrier |ayer
polistihg isaddi@]leted. aPst dxamiph, exdend toriddetiverahFaM)avettheaticlegpekyer is
of materials are also usethl and may depend on the
remo{%f feralvﬁ‘lgﬁl Rhind- A SLREYE12, U8 shéWn Bib. BRPTThadficdthe Alaten and
e top surface of the conductive layer is not

anar 25]Fig. 3 shows a process 300 for polishing
camegcﬁ%femtal accordance W th one enbodi ment of the

invention. fer, forea at th
[0028]¢ ag %ﬁﬂ‘llﬂﬁ ggé\?}%3 }poonﬁm é) tﬁiéo{ ugxoe n@ﬁ% IYF bias is
waf er, the back surface of the wafer |js attached
appliechis the tosysubsirate rtage abstep3 Borohilaiis waet FmammsHy ERntpd with the shurry
used to mount the wafer to the wafer carrier, The
Prefevafl grtheargaties bias immmetdntt Thiosiluées widsreffeots. Srovidiag a negative bias
pl aten, pressing the wafer against the polishing pad.
during polishing can also be useful to prevent corrosion.

[0029] In one embodiment, an RF signal is employed to provide a negative bias to the
surface of the wafer. The negative bias is sufficient to reduce corrosion. The RF signal is

generated by the RF generator. In one embodiment, the RF signal is about 50W to 1000W
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100261Pol i shing of the wafer commences at step 374.

During polishing, the disk (carrier) and platen are

rotated. Typically, the carrier and platen are rotated
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~ 50Wth 1000W having a frequency betmeen 2 MHz and.
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For exanple, the voltage and current are autonatically
the wadelj susfhed whigieis giartgeudarly ushnl fordiagile dielédtnatgdicetiasgesh as low k or
in the polishing solution/slurry and the RF power

porousBieldcBit- mAbEsIs AT fically, MEe &€ FortSukanR eOMIsylste@i®i 1¢8s than about 2
waf er carrier at step 378. Processing of the wafer
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ing system I n accordance with anot her
[0031]enb01‘rjl 'one Qrtnbc%imen% the eCMP system comprises a station 405. The station includes

a platen 420 with a polishing pad thereon. The platen, similar to that of Fig. 1, is mounted to a
base via a shaft, which is rotated during polishing. A wafer carrier 440 is provided. The wafer
carrier is mounted to a control arm 436. The control arm moves the wafer carrier into the desired
position, such as polishing or mounting or demounting of the wafer. The platen is disposed in a
basin (not shown) which contains conductive electrolytic slurry or liquid being used in eCMP.
For example, the electrolytic slurry can electrochemically remove conductive materials such as
copper, tantalum, or tantalum nitride. An electrode is disposed in the basin and contacts the
electrolytic slurry when filled. The electrode, for example, is disposed on the bottom of the
basin. The electrode provides a charge to the slurry, activating it to electrochemically remove

material from the surface of the substrate.
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the bottom of the basin. The el ectrode provides a

othere ba&ti&R Jf@%tl%héjfsra‘l'so @efdlvating it to

ectrochem cally renove material fromthe surface of

[0034i he 1hy k%é&l{yaglfm%}%&&%e#acé&&‘ﬁg réjﬁl% aﬁrﬁé&loﬁ@&l de \Ipvarl]fer carrier and

rrbod tron escri

rovid d for the ation of th in i
transiggreq inihe Srib o GHR BTGB NET BSCeRnAb T 33%&3%*95 completed, it
surface to be polished.. [0033]in_one enbodi nent, the
is transérredp e ssgendestation oh sepond wadiovpthey deadsd intp ﬁhfr%fefscmer at the
plurality of stations. As shown, the system conprises
first stdtioat Bogtethe fidstand sedunddvae&raareqneceawaat cheirsspactvmstations. After
control ann conprises a carousel which can rotate and

proce@f@lstobﬁl VaéEén beththe Ml kE@ne Mafet ahépns tehukferrgd tde next station
pol |sh|ng process. Different stations are. provided

for pr Qéss Iﬁ'{e%r{hrﬁ W%Pér‘?f ﬁ@dsat the tRfr PRkies B tRY fiR% 9GESS - Processing on

I ng process conprises three

all th%e par %‘g gse;iegﬁ)%n @ggll‘&%ﬁ Ul (yg g%eiiesr%gocgu hx?g Is Jo%g)tletec.i on the the wafers the
caroutpéf}m“feé%se%&& DrRES GRS B SUEL PR diftagsy fG6 frst wafer is

third sub-process renoves dielectric, |iner and
unloaded trant the eamigt and adothen wafesdulpeded %ﬂdem@d}’ fos prosgssingcas the first
Preferably, the NBGis provided for the third station.
statioRr Ttk dbifigy fYBferforatprestesingoi b phurality lo€ watarsrivicrass ésthsoughput.
stations is also useful, [0034] Typically, in

[0035”]]-II t irh hRIcEQMgRIRE 85RE ﬁﬂ:ferﬁltfstaﬁéﬁs m#be diffeerdt 0aYpidallyy processing
wafer carrier and transferred to the first station

time fs%e H)n‘g%? ?tst'(li;g gir%tAfa&lgﬁ afll Qg(ﬁ%?ﬂrdggh@ﬁnrh Igﬁitlfohr@ftla ekt station

tran to the secon

ation.. A second aded_into t
havirgigy PGS IAE EHRCOePY S g it P TR A PR o el Borishineg i
second wafers are processed at their respective
stations. After processing issconpleted on both first
and second wafers, they are transferred to the next
station. for processing while a third wafer is | oaded



s the longest at the first station and shortest at the
third station, with the second station having a
processing tine between the first and third stations.
For exanpl e, when polishing is finished on the wafer
at the third station. it. is maintained in the
el ectrolytic slurry until processing of the other
finishedafnethe wafer ahthe dhind statom it io msintgined impthe eksgtrollytic slurry until
accordance wi th one enbodi ment of the invention, a

procesBiR@f thearthdragafers apthR\tlEe dtatibnd Reoinpletetaf @ racsitddmee evith one
while it is lathed in the solution after polishing

embo%%aemh@itnvé fonSh ?Eéa‘?ﬂle s 105N R AP G walcP 93 8lcAvhile it is

scribed, the nulti-station polishing system
. .conprises.thre 2 .carrier . t
maint s AR b BO R Rk S 2 PSR RS RefifRBIgs,
nunbers of carriers. For e |l e, the polishing system
(0036 oy Asvieperthed B FulBEiop 0 HERS SYotsm ¢ PB%S%F‘HF%W@% SIS and
[0037]Fig. 5 shows a_gyocess flow 500 for formng ICs
three platerc coltanatvslinthapadisbingsgenraen inchiderdikeringydnts o arripes. For
form |1 Cs, nunmerous processes are perforned. In one
exampddThindpatBhing syftemwah éficlide fouowetes eatriafstfor theepdstend. on of
the conductive |ayer of the first netal level (M) at

[0037P51 eFig. 38RowEh QY HoR SBIEY forhirRl108in REQERSSE Weh one embodiment
stages is also useful. At step 581, the wafer is

of the BlQJeht?(F-E‘ de ﬂ)rr%cl?lg rﬁg@&gu%\i)}ogesggsearg acgri.n{%n Un %Ilc %r%ﬁ%dimgnt, the

I'nvention to provi anar sur or exa

negative hiasg is.provided at the surface.of th f
water (i Ptpestigaieh QePOS RN (ororCHF G o8 OF BB ohg (V1) at step
waf er continues at step 583. For_ exanple, additional )

580. Breviding aewalesatcaihernsogassing dlageseis abgmisefal. ehhstepal, fhegvafer is
polishing process is required. If so, the process flow
polishe@inucosrdtuace il onCenbodiinest ofttheiryeoiies® frbovde e phinarue®ce. For

to step 587 to detmmine if further processing is

exam @%He?ﬂ@ve Hids B PtoviddiLat PEOGRRESe bl O veleSiodk psligfed>83ter polishing,
[6038 The above invention may be enbodi ed in other

proces§ﬂl‘§coif tleCwiRF %tmugglﬁ%epd%a "Holr @anﬁﬁl@,rﬁdditional metal levels can be

formed. Step 585 determines if a polishing process is required. If so, the process flow returns to
581. Otherwise, the process flow continues to step 587 to determine if further processing is
required. If not, the process flow ends at step 589.

[0038] The above invention may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. The
scope of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.



the spirit or essential characteristics thereof The
foregoi ng enbodi nents, therefore, are to be considered
in all respects illustrative rather than limting the
i nvention described herein. The scope of the invention
is thus indicated by the appended cl ains, rather than
by the foregoing description, and all changes that
come within the neani ng and range of equival ency of
the clains are intended to be enbraced therein, What
i%.clai gLAINB 1. A method of fabricating inteffated

vw?iF%ﬁ?F@ o providing a wafer with a first surface;
polishing the first surfage gl he wafer with a
pol i shing surface and s|3ﬁ#9, nd appl ying a negative
bias on the first surface, wherein the negative bias

1. r edAcagthebeiiaaicahng mnirgsdch yirqre CANpRYRE: The
nmet hod of claim | wherein polishing the wafer
conpravelsg ewefet woh eHestisuedhceechani cal pol i shing or
chem cal nechani cal polishing. 3.The nethod of claim?2
whe pelishirgpid frist@irfabeofnbg atafor evithi aglisiong surfaes aapgdlnyy; mgd
di e negative bias when polishing has stopped and while

t he apa§iab ainsgatifec BRPbACHe Mist JUrfaktd whkidin tie negative bikfiRduces
met hod of claim 3 wherein the first surface conprises

cot QG yTRE &R@yi ncl uding netal or alloy.

2. The method of claim 1 wherein polishing the wafer comprises electro-chemical

mechanical polishing or chemical mechanical polishing.

3. The method of claim 2 wherein applying the negative bias comprises applying the

negative bias when polishing has stopped and while the wafer is in contact with the

slurry.

4, The method of claim 3 wherein the first surface comprises conductive material

including metal or alloy.

5. The method of claim 3 wherein the first surface comprises copper, copper alloy,
or tungsten.
6. The method of claim 1 wherein applying the negative bias comprises applying the

negative bias when polishing has stopped and while the wafer is in contact with the

slurry.

10



5. The method of claim3 wherein the first surface
conpri ses copper, copper alloy, or tungsten. 6. The
nmet hod of claim | wherein applying the negative bias
conprises applying the negative bias when polishing
has stopped and while the wafer is in contact with the
slurry, The nmethod of claim6 wherein the first
surface conprises conductive material including netal
or alloy. 8. The nethod of claim6 wherein the first
surface conprises copper, copper alloy, or tungsten.
9. The nmethod of clam 1 wherein corrosion is caused b

7. t he Tat methpd be¢laign 6 whewint the firspsurface pamiprises gonglyetfvgaaateria
10. Th.e nethod of claiml| wherein applying the

in myal &iaflsy.conpri ses an RE signal. 11. The nethod.
of claim 10 wherein the RE signal is between about 50
and 1.000 watts and at a frequency between about 2 MHz
and 200 MHz. 12. The nmethod of claim 1l wherein

o . . . . : ; -
8. 12@[&% Hnlg%l‘é])g gf g?ﬁg& Wofrell @S fic® @P"fdcé 8SmpridebcSpes) @bpper alloy.

ol 1shing a wafer conpri sing:
olushing a surface of the wafer with a polishing
or§9g§g&e and slurry; and applying a negative bias to
the surface, wherein the negative bias reduces

corrosi on caused by the slurry.

0. The method of clam 1 wherein corrosion is caused by the slurry being in contact

with the first surface.

10.  The method of claim 1 wherein applying the negative bias comprises an RF

signal.

11.  The method of claim 10 wherein the RF signal is between about 50 and 1000

watts and at a frequency between about 2 MHz and 200 MHz.
12.  The method of claim 1 wherein applying the negative bias comprises a DC signal.
13. A method of polishing a wafer comprising:

polishing a surface of the wafer with a polishing surface and slurry; and

applying a negative bias to the surface, wherein the negative bias reduces

corrosion caused by the slurry.

11



el ectro-chem cal nechanical polishing or chem ca
nmechani cal polishing. 15. The nethod of claim 13
wherein the bias applying conprises applying the
negative bias after the surface polishing. 16. The
met hod. of claim 15 wherein the bias applying
conprises applying the negative bias with the surface
in contact with the slurry,. 17. The nethod of claim
13 wherein the negative bias is constant. 18. The

met hod of claim 13 erein_the fer. surface conpri.ses
14 coRmeied ol ek \Qﬁe@@p@é‘ﬁl@ag SHRfacH&f fiegpler comprises

consi sting of gogger,_copper all oy, and tungsten. 19.
elepirerghareiep! fechininghpolishing oa chemicalaecchyil pelishing.
introducing a slurry;

15.  The method of claim 13 wherein the bias applying comprises applying the

negative bias after the surface polishing.

16.  The method of claim 15 wherein the bias applying comprises applying the

negative bias with the surface in contact with the slurry.
17.  The method of claim 13 wherein the negative bias is constant.

18.  The method of claim 13 wherein the wafer surface comprises a conductive

material selected from the group consisting of copper, copper alloy, and tungsten.

19. A method of planarizing a surface comprising:
introducing a slurry;
contacting the surface with the slurry;
contacting the surface with a polishing surface;
applying a force on the surface; and
while contacting the surface with the slurry, applying a negative bias to the

surface to reduce corrosion caused by the slurry.

12



contacting the surface with the slurry; contacting the
surface with a polishing surface: applying a force on
t he surface; and whil e contacting the surface
with the slurry, applying a negative bias to the
surface to reduce corrosion caused by the shiny.
materials fromthe surface. 21.:The nethod of claim 19
wher ei n appl yi ng the negative bias conprises the
negative bias when the force is not applied and while
201 he Theififetoe of daitn] Twhtrainttheviorde it héovs flawn fopee suitable to remove

materials from the surface.

21.  The method of claim 19 wherein applying the negative bias comprises applying

the negative bias when the force is not applied and while the surface is in contact with the

slurry.
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