2 3 AUG 2065 WD 02/ 059943 1 PCT/ US02102254 CHEM CAL MECHANI CAL POLI SHI NG OF
COPPER- OXI DE DAMASCENE STRUCTURES 10 RELATED APPLI CATI ONS Thi s application
clainms priority to U S. Provisional Patent Application Serial No. 73 AUG 7005
60, 1263, 813 filed January 23, 2001, the entire disclosure of which is hereby
i ncor por at edVHRBE¥AEr ence. FIELD OF THE | NVENTI ON The pre®emiusoyneesat i on
relates generally to the field of chemlcal mechanical polishing (CVMP) in
sem conductor fabrication. Mre particularly, the present invention relates
to CMP of copper-oxi de damascene structures to increase material renova
rate and reduce copper dishing and oxi de overpolishing. BACKGROUND OF THE

| NVENTI ON The continuing advance in ultra-large scale integration (ULSI) of
sem conduct or devi ces necessitates design and fabrication of extrenely small
devices. The existing netallization schenes for interconnects are

i nadequate for new integrated 20 circuits (ICs). It is projected that for
CMOS circuits with gate dinensions less than 0.25 [Lm the RC delay due to
netal lization layers will account for 50 percent of the total circuit
delay. New materials and processes are continuously being sought to replace
current Al interconnects to reduce RC delay and energy | oss due to heat

di ssi pation. Copper has energed as the favored interconnect material of the
future due 25 to i tGHEMIEALEVMECGHASHC AL POISKSHING/ORGQ@PPER-GHRE 30 percent
| ess than that of alum num (ADAMBSCENE BOREJTIRNED operate at a higher
frequency and | ower power. Additionally, 2 3 AUG 2005 WD 02/059943 2

PCTI US02/ 02254 as the interconnect dinensions are scal ed down, the current
density carried by the netal |ingrcommedps ¢ Qereases proportionally and

m ght exceed the limt of electromgration. The higher nelting point of Cu
provi des a great er Thisgbplicamereclaigs papBtie bk -drativion! Wipeirscaion$erid. 5 ti mes

greater than '%d. 66:—’9553;8 ﬁriﬂ@}ainﬁﬁ'k l2¥, iO@?,rtﬁéétiltngdi'sclosure of which is hereby

incorporated by reference.

10 CFIELD OF THE INVENTION
The present invention relates generally to the field of chemical mechanicai
polishing (CMP) in semiconductor fabrication. More particularly, the present '
invention relates to CMP of copper-oxide damascene structures to increase material

removal rate and reduce copper dishing and oxide overpolishing.

L

BACKGROUND OF THE INVENTION

The continuing advance in ultra-large scale integration (ULSI) of
semiconductor devices necessitates design and fabrication of extremely small devices.
The existing metallization schemes for interconnects are inadequate for new integrated
20 . circuits (ICs). It is projected that for CMOS circuits with gate dimensions less than
0.25 pm, the RC delay due to metallization layers will account for 50 percent of the
total circuit delay. New materials and processes are continuously being sought to
replace current Al interconnects to reduce RC delay and energy loss due to heat
dissipation. Copper has emerged as the favored interconnect material of the future due
25 to its lower electrical resistivity which is about 30 percent less than that of aluminum

(AD. This allows ICs to operate at a higher frequency and lower power. Additionally,



5 the reliability of the ICs. Despite the inherent advantage of Cu as the
i nterconnect metal however, several challenges are involved in the .
fabrication of copper lines. Because of lack of volatile copper c@wﬁ%m%
at | ow terrp\grature (less than 100C), copper etching to formthe desired
pattern on YR&PPRof the inter-level dielectric (1LD) | ab@ruse/onisifi cul t .
10 Thus a new way to pattern Cu lines zby damascene schene foll owed by CWP
has denonstrated.a great potential f rrggeyel oprent s in the i Et' rconnect
Lechnol ogy.  BIBe [SSHmaR SImamsiens e g e EcHa RET oIS Sefisd ciig e R e

over pol i shi ngmefal fnbecoRAdtEhRSasdd popattichtEyiaad@nidR ehard arllingebt shing. Figures
A and | B schematically show a netal damascene structure before and after
chemni cal mechéggtealigpoon. sHierfighen seliog/pyint iy prevides agredangssenrts pr ocess, the
metal interco aare f i.C e i ting tals onto trenches of
etched inter- gé\?’goﬁﬂﬁ & e‘E:?irQlFf:S a?{)lﬁ%)sbt%g%ei é.)aﬁf&\ll'eaﬁq " fjlsamé'rt%%ﬂch 'y”éC “P0%r enove

t he excessi veihaedlabilignst tholdn patt erned conductive wires in the |LD
trenches. In order_to rempve all_ the netal coating on the dielectric surface

so that the net a!DWSH’t‘f'e EB’H’H@BE%d"%tgeioéf&“élﬁé}lf,m’teﬁ@“wf PEIRhIQHSEhn a die is
partially ovegpohi &Qﬁ&ge%ﬁ‘c gRﬂRMH gn:atl[l% E¥ricddg o??&pg)r%r llixlle@.t %%%%%%ﬁk@t al's (CQu,

W usually wear faster "than the usi on barri ayers , or TaN)
and the sur r ovrailncppgerdosponids ahimtvgeinpdrati® (©sy than THKICf wppsr etihgigitng occur s

dograde the SoPrdedepr il Poy oRBOOF B RS pRR Y WA e Scal

bei ng parg i al Thus@uewabayftopatient Qulihe SAHRGURNichbmt FODRRABY GOMPERSS.

Mor eover, 25 overpoli shi ngl and di shing reduce the cross-sectional area of

net al i nt er cotfEBsiatederegpaeniy dorelssdonmnteindls nfeEenneE §5c8tde®e. D shing
and over pol i shing t I At . i, g%' o

kp(x, Y)P"' cb(w, A fc'glgp?@%}sf@t@ d%%}egcgrﬁesggeg%ylégﬁgﬁﬁgﬁd ﬁp, |1§9§:95H]§ti on of

posi tion whi cietterb dorig dhemidabmpdivigicd pblishanm ttigurés PA 3ndAUBs@eO5tidAlly 02/ 059943 3
PCTNS02/ 02254ht he o>§ild and O{_iFteégonneoctrs. 1It .is1 asrurrei t]h.’flt JLhe Preston
const ants fors A FFRT 2 EEET 1UAIE TEHRANT THE CLaME® A HEEe PO B anket

pol i shi ngs  The NpP)e 36 thie eneeh] Fhmidottie otekss theahdigahiedomMpecishe: RBlittadd lwhape of the

di shed/ overpol i shed surfaces, which in.turnis_a function of Cu_|linew dth
1+, area frdSPPOMAPCIAR QNGVEPHIE PEHEIRY Mtemis el dicleptris QR RBy kjgre Then CMP

is employed to remove the excessive metal and form patterned conductive wires in the
ILD trenches. In order to remove all the metal coating on the dielectric surface so that
the metal interconnects are isolated, the pattern withm a die is partially overpolished.

20 Concurrently, the softer interconnect metals (Cu, W) usually wear faster than the
diffusion barrier layers (Ta, Ti, or TaN) and the surrounding dielectric material (Si0.).
Therefore, dishing occurs on the soft metal filled in the trenches. Both overpolishing
and dishing degrade the surface planarity and may result in exposure field (die-scale)
being partially out of focus in the subsequent lithography process. Moreover,

25 overpolishing and dishing reduce the cross-sectional area of metal interconnects and
thus increase the electrical resistance.

Dishing and overpolishing rates may be estimated by Preston equation

dh
_dT': kp(xiy)pav¢(1'v9 Af ’t*"')vR

The Preston constant &, is a function of position which relates to the physical layout of



5 distribution can be decoupled as a product of the average pressure on the
die area and a geonetrical function O which includes the effects O@@@@ﬁﬁﬁn
geonetry. In practice the geonetrical function O is not easy to fin

when the surface topography is known. In this case, surface variation due
to dishing YR poli shing is conparable to the surfackCHowghmsss of the
pad and the slurry particle size. 10 1% prior art, phenomnenol ogi cal and
contact nodels are proposed to determ ne the nmechani sns of dishing and

over pol i shi ngriavidoruéfutroercompreetas b it dseuprdobasie Friegbul cofstanGNE. difftvent

phenomenol ogi cal. nodel. i.s proposed tq,.relate the polishing.rate of arrays
of var i ous. T SRR EETRAR I HPER UPE O TR ISTRG DiRRErHediniryt ey
experi ment al hﬁfgctéﬂiﬂiy&ﬁéﬁdiﬂam%a?befmeﬁfsﬁéc@&le%]iElféH\@ﬁﬂ‘ﬁbeE,hﬂ]i@pihﬂtﬁh'i:ﬂzg rate,
feature di nensions, and the 15 neighboring feature |ayout, the surface

profile evol fhreen efLudimswidik wearechiaction ghihavefpolisines pheHonksorseireal nodel

is that the -af i i.shi . metry
vari s vith SRFREI e BERERal N ErcR o T Al Bt or Y AL RO T
pl anari zat i opewreridabfuhctiomagh sviclettciudestthe sffaraddipattdie geomdtyy, It peaceidef ect s of

pattern geonetrical. rameters, such attern density (i.e., high feature
area fracti oﬁ;,geﬁpﬁtﬁfﬁ??%“% At %P%I’Qaﬁ e} faen Be Sy fase (SRoRtaRky isr to area,
are extensi Vel tiletiiethse, 30dadeRaris i tue o diieaddRbrpolgineh tehpardaasi ty

significantly affects the sub-die-scale polishing rate. The influential
range of a sivdh¢ surdcgprapghness Wnbe pad andilgisboryinigicde size.i s characterized by a

planarization | ength S er | : Sity- ed. nuneri cal
nodel iig proposre\’g%{lgp%glpg%q%gqegélfg ﬂlgélrsgﬁgf%g%léé{fngégg%%pdﬁ"{’f%égo UC@FQH‘“ or
arbitrary | agheuieshan®msGhdishing andoedolialieg angliaye dhctaass the padcegatedd bhe

mechani snms of _pl anarjzation. . A plapar elastic pad is._.assuned under this
model for prEH&’Ctaf{‘]*ﬁﬁl“t'ﬁ?é‘eﬁﬁr’]@%l§ﬂﬂ‘g°deglﬁQforpiofﬁﬁtt? Bﬁ%‘gsﬂ‘eﬂ?@sm’?e”‘&ﬂff‘%& with

various pattgf\Rrib@Veathds 18 RAREAEInZEHok £16atioR deRSEVWEREXPERSGIHIE
distribution and the pad displacenent is proposed. Baséd on this  nodel, the

nonuni f or m péitérainiingyihe germelatemdstvagh tifegrodiphingertes &arire digicorians, andaiheri buted to
30 the nonuni farm.pressure on the hi Ares. . The.. at. re
ass umedrp? o] s‘%eé';lbof”ﬁ)ﬁ Izegt%l%v&a)f%&l}%e Sﬁ'ﬁ@%%?rgfiﬁ%é&rﬁgm} }es-r[ﬁr)ei}jé(!éé)&lgvnéll b p]&ﬂglﬁ d gf or med
pat cont act stht brfmomklooleaiedt modelds AaGh2 06:e MAn2H0&9 B3 oliBIGHd hudkSOf 02254 4
t he contact nodel

may not be applicable tq sonme pattern lLayouts jn netal
pol i shi ng CBREE ceTRETY Rrichayh f‘?rFP‘@B‘_ﬁ%”élg?S‘%’w e?ﬁ) _@ﬁéﬂ RFELEEPEE ef or e t he
hi gh feat ur egr i8asRtioS bRALY uSdhal &e®Ohisl st AddbilyonRlck¥es bhgu®ad may not be
conformal to the surfaces of high features as assunmed in this nodel. 5 Both

t he phenonengloagireal pagamesierh sudiistpatem dperdl €. hdyeh fepereared fiactige) B i n

20 pattern area, and the ratio of perimeter to area, are extensively studied, and the studies
show that the pattern density significantly affects the sub-die-scale polishing rate. The
influential range of a specific pattern on the neighboring area is characterized by a
planarization length measured experimentally. A density-based numerical model is
proposed to calculate the surface topography evolution for arbitrary layouts.

25 Contact models are employed to investigate the mechanisms of planarization.
A planar elastic pad is assumed under this model for predicting the pressure
distribution on the die surface with various pattemn layouts. A generalized relation
between pressure distribution and the pad displacement is proposed. Based on this
model, the nonuniform polishing rate across different pattern regions is attributed to

30 the nonuniform pressure on the high features. The low features are assumed to stay

intact without material being removed until the deformed pat contacts them. However,



expl ai ni ng di shing and overpolishing . In Cu polishing, for exanple, the
surface often becones planar before the Cu | ayer is polished throu %
the pressure distribution at the onset of dishing and overpoli shi 3 PG 205
likely to be nmuch nore uniformthan that in the planarization stage.

Furt her nor eYOREEW9Bhe size of the planarized feature is ROVEIREES4 0 or
smal | er than the abrasive particle (0.92-0.3 Etm) and the pad surface
roughness, the particle distribution and the pad | ocal topography nust be
taken into atbcommct mdclheaycmnlt bubppticabhe @fSO!IﬂG@atI‘eﬂp)l‘le@@tm'blﬂcv\hpcélﬁ}ahyt| cal
nodel of thls Vever |ff t t he
research on df | ;F&e opﬁ;lchma bein pcgptgxgt wi h tHe Lo“t f%%t%geﬁ‘%?:}o: F:rslhxé h%{}?ﬁ%}%gﬁ?}—“fl{m nt al
characteri zat gidyane fafildsieA dditonkBy ahaphdeﬁa}qmt patégsmapar degirécss guch as
area fraction, Ilnemnd and pitch. Though a few sem -enpirical nodels have
been proposedeQﬁ%mﬁﬁﬁa&ﬁﬁWF£F§h6ﬂ“ﬂF%hlng and overpolishing and their
relation {0 patt erﬁ%tkgﬁ’nggﬁ&{o}ﬁeﬁ&go@taﬁghf%'co%&%%dtels%\ Aliir it ahm{lgﬁ fully
under st ood. Mor eover nce nost-o e experinments are conducted on
features of dahgensdigeng srhievepsiidifig. dnCuasidongfedxpnplb] hesyrfasecfieras severe

di shing on 100 m 20 .fea a |cab o current uarter

m cron ci rcui YECHRSRAPar eﬁ\i‘?lﬂ&%gaﬁée”gegfsr%thrq“s gh‘fﬁfg‘f prﬁésuéeo%?tagg

SUMVARY OF Tlﬁtﬂewmr@l}.};ﬁ%smwewlyhm s 1ik8ly 30 bORLEC noRfurkifoln Rlag #RAt
invention to provide a nmethod of 25 chem cal mechani cal_ polishing of netal

damascene st rindtamangrizationisyeanioriiemmaesp; veen thefsizernd tlm}éél@ﬁtzed fgeterstif on to

provi de g ﬁeté?cgg 18r s%ﬂﬂ@tﬁ?l‘[thf oRed %Axefw b%n.ld-f‘%]an(afth mascene

structures that nmaximze ne reno nimze su ace
nonuni f ont ni trgughnessf ihe petiale ditridvring arsdute pad ldeal ayp@ppehy stostrtg.taleh ints a furt her

obj ect of the present i ntio provid f em cal , 30

mechani cal pcf‘l$‘§’ﬁf Wdlt‘%‘fakr‘r'g"’tt'gp OEE’ﬁésPé%gﬁ‘é'e SPGE%%E“‘P&‘PEH%@%% de pol i shing
rate and i Ng{Ras@, dilfRuR® bR S&lsefilehily, TtBé Pehween ddfemial and oxide. 2
3 AUG 2005 WO 02/ 059943 PCT/ US02/ 02254 5 is still a further obj ect of

the present ine@atishig haebpmeppiiesdgo ﬁmermnr@fcl@rvémféalonrﬁéématﬁwm» pol i shi ng
of metal, sda”asﬁﬁjgeggp %%:Eegﬁh%%@?te{i%a?&s a?&a%?aaﬁ&@‘%ﬂ?é.dﬂ?@i@gis&b O*i‘xgmﬁﬁg?éix on the

pattern geone amascene structures er objects
of the presentmi- mmntalmmdehmatebwnbro@vgd thy fitldempnas eNdishibg amt hod of
i i of a netal damascene structure whic i ncl udes

chem cal rrech%nl clal r% . ! . I o E
an i nsul ati oP FRYEN Fl “tr R PABH™ S ORT B g P I A REORFTUFSYE UMY ng a
fully understood. Moreover, since most of the experiments are conducted on features
of large size, the results and associated problems, such as severe dishing on 100 ym
20 features, may be inapplicable to current sub-quarter micron circuit design in which the

scaling issue must be addressed.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a method of
25 chemical mechanical polishing of metal damascene structures.

It is another object of the present invention to provide a method of chemical
mechanical polishing of metal damascene structures that maximize metal removal rate
and minimize surface nonunifbmﬁty due to metal dishing and oxide overpolishing.

1t is a further object of the present invention to provide a method of chemical

30 mechanical polishing of metal damascene structures to reduce oxide polishing rate and

increase the polishing selectivity between the metal and oxide.



| ower portion located in the trenches of the insulation |ayer and an upper
portion overlying the |lower portion and the insulation |ayer. Accordi ng to
the present invention, the chem cal nechanical polishing of a net alZ¢ AUG 2005
damascene structure 10 conprises a first step of planarizing and polishing
the upper pBR%EHTF the netal layer and a second step oPCHESG28RASHg t he
insulation layer and the | ower portior of the metal layer. In the first
step of planarizing: i shi : rt of.: | aver. the
safer and a poli sh.ﬂﬁsgﬁ(gég’ﬁlé'r’%%g‘ﬂ%ﬁ%ﬁﬁgﬁgﬁqﬁ“{éﬁ%‘gg‘gﬁ?g“egﬁ’gg’g a relative
velocity Vv i nhemicaniealdnicabptdishiag wemetal dsmaseehe stramaed toeppolidegidcags pad to
pronote an increased, 15 nmetal renoval rat e] In the second step, the

i nsul ati on | af@iuas b3sRd op HikertsB CEPBHYRT the etk famescane yEctir%e pol i shed in a

steady-state node $iQ.cf OfdB:hHdb)ebd WRlhe PREA idveRSsh ¢ HeRBhie i) GltEFedtht h
m ni mal di shing of the netal |1 nes and overdi shing of the inSulation |[ayer.

In an preferr edthedbbeliemieal mechsicaiohisningé! ohen daataserne hawdtgamhjsbl i shing of a
20 metal damagcene strueture of, the present invention rise.a first step
of pl anari zi nLAG BdrTATRGEHI eI FRITS D 1 G oY FA IO T AB& by urgi ng
the wafer withwarpatibsivcngd indBétrédchésvfapahitdiopness eidadenper figbna rel ative

velocity VR in a contact node between the wafer and the polishing pad, and

a second st epowrivingIthesiavagparhen andihg malstion 1pvgyeAcepiding uthe psgat portion of
the netal |ayeg.,.d : R 03V j I w ng 25
equation to f@?%{t%%}]g{:ﬁg?ﬂ%?%%% elégl}{ﬁat lﬁﬁ%nc SE%%V?}Y? dn‘raﬁ ni mal di shing
of the et al cdmmies afidt oeecfpdnashnggndgfolislineg iespbatiooron dylermet®RAiner ~al -~ -

Ri nsul auon tijspai VR & Hl rein Rtfe,a .is copper renpyal te, Rl nsiation
6 nsal ot ont iAol Lol Sing (y inbtahp g SEEREAGE AR Rast e FieaT ") o
appar ent har dRe&s hofhe @irfd @leb ShplaghrBincfae golidpi-abe bR p&yioh BEhe nBrafdzr2005 WO
02/ 059943 6 PCTIUSO 2/02254 follow ng equation: H = Hitrtai Af +

Ht asul ation {op wafer pnd ypdisBing ppff areppged abarsanphied pispsre 2 ol avslelrrosdocyy

o 2 L, RO 68 AL ROl AR LS B BE O T O

cl early lundemstieciotal earet hehd sdchodritery thdesiatiph layer sdahe fosadpdrtiorcafhj unct i on

W th the the metal layer are polished in a steédy-srate mode to form individual metal lines in the
trenches with minimal dishing of the metal lines and overdishing of the insulation
layer.

In an preferred embodiment, the method of chemical mechanical polishing of a

20 metal damascene structure of the present invention comprise a first step of planarizing
and polishing the upper portion of the metal layer by urging the wafer with a polishing
pad at an applied pressure p,, and a relative velocity v, in a contact mode between the
wafer and the polishing pad, and a second step of polishing the, insulation layer and the
lower portion of the metal layer in a steady-state mode by satisfying the following

25 equation to form individual metal lines in the trenches with minimal dishing of the

metal lines and overpolishing of the insulation layer:

RMeml = Rlnsul:nion = B PavVR
Hl

wherein R, s copper removal rate, Ry, 1.0, 1S insulation layer removal rate, &, Is

30 wear coefficient, and H’ is apparent hardness of a polishing surface represented by the



acconpanying drawings in which: 10 Figure | Ais a schematic view of a netal
damascene structure prior to chem cal nechanical polishing (CW). ﬁ \ @85}
B schematically shows dishing and overpolishing after nmetal CHI P. gﬂfr A
schematical |y shows the contact interface between the feature pattern and
the poli shiﬂ'é the initial stage with uniform pad dPSPra&asat 15
specified on the high features. Fi gure6 2B schematically shows the contact
interface between the feature pattern and the polishing pad at the

pl anari zat i orfokavageeqatipnpr essure (either uniform pressure or elliptical

di stribution) spegjfligd an.tthe contacting high features. Figure 2C
schematically shov(%i/s tlﬁ' “‘é’\dﬁt}gﬂ““” Qt'gf?f ace between the feature 20 pattern and
t he pol i shi ngvlpedn Hi, | ké&adnds of capbanty,d,zatd lendness df indudntipadkyemandatiact with
the | ow areas. Ejagure D schematically shows the contact interface between
the feature 3Facta&pep #P8UYB1 i shing pad at the onset of dishing and
overpolishing. Figure 3 is a schematic view of a noving rigid line structure

in contact wwth an 25 elastic polishing pad. Figure 4 is a graph
illustrating pressure di stWﬁ%ﬂ&ﬂﬁﬂ&@ﬁon of the high
feature for vario oundar ndjt.i on i gur c tic view

show ng the surfag%e g"rféé"?’}ge‘%%f% ﬁlteﬁ%bj%fg @t]ﬁ{lggéégﬁz&fl%r%e \%lzg?el Q%EB boundary

condi tions. 3RAddritged Rob thefoRovgihg PEkciiptidnsticatréadgn trguipaidn diihpheacenment ver sus
the pattern area fraction for v,g.i ous boundary conditions. 2 3 AUG 2005 WO

02/ 059943 PCRFUUGPENYDEdravinggihihigh:7 s a graph illustrating the effect of

appl i ed ypressure Biouanth ¥QUBkEnsatic TRAUW A1 dah@scRadsthacRfe iR P mical

di spl acenent (el liptical pressure distribution). Figure schematical ly

shows t he patteghaidabydishingfCHMP).est wafer. Figure 9A schematically shows a

CWP mask |ayout. 3. Fi e, 9B illustrates. the pattern geam ayout
corresponding to ? ﬁé’r%&%ﬂé&gﬁa\:}}a@%ﬁf dgsg”]r’lgixlijg‘terré? ;éngﬁﬁgﬁé{}%ﬁeéﬁ% Figure 10
is a SEM showi ng Filzared20sbemaihiloshook tle dogatLineripat Heex-¢en thdfegurees | ] A- 11F

are optical mcrographs illustratjng.the evol ut i,?n of the pattern surfaces
(wWw=25pm and)’atﬂ%ﬁﬂﬁ the pelishing pad ptihg mistabpipee with uniform pad displacement

15 specified on the high features.

Figure 2B schematically shows the contact interface between the feature
pattern and the polishing pad at the p'lanarization stage with pressure (either uniform '
pressure or elliptical distribution) specified on the contacting high features.

Figure 2C schematically shows the contact interface between the feature

20 pattern and the polishing pad at the end of planarization with the pad in contact with
the low areas.

Figure 2D schematically shows the contact interface between the feature
pattern and the polishing pad at the onset of dishing and overpolishing.

Figure 3 is a schematic view of a moving rigid line structure in contact with an

25 elastic polishing pad.

Figure 4 is a graph illustrating pressure distribution in the contact region of the
high feature for various boundary conditions.

Figure 5 is a schematic view showing the surface profile of the deformed pad
for various boundary conditions.

30 Figure 6 is a graph illustrating the pad displacement versus the pattern area

fraction for various boundary conditions.



10 Figure 12 are graphs illustrating cross-sectional profiles of the pattern
during the evolution with tinme (w=51tm and 1=200pnz). Figure 13A ar g ri6g)s;

showi ng various patterns after CMP at 3 mnutes and 30 seconds. Figure 13B
are AFMs showi ng various patterns after CMP at 5 mnutes. 15 Figure 13C are

graphs il u¥P%P¥PKF t he surface profiles of various patteP¢BUSROESY CVP at 3
m nutes and 30 seconds. Figure 13D are’ graphs illustrating the surface

profiles of varioys, paj Ese{%%kﬁii]ﬁﬁ#atin%eﬁﬁct%f5@;;1'&!3?&SSLEJ: g}\”n@d HudeSs @ gr aph

illustrating the tiTre evolution of copper dishing for 20 patterns with
const ant ar eamfduhistof dre phid Elonahe padsdisplicguers (diBpiicsl pregpuegphstiibutigs}.r ati ng t he

time evolution of co r .dishi or atterns with constant area fraction
w A of 0.01 and vil’gr”g‘ggsthﬁ‘éwaggﬁéo“ffh.pa"ﬁl“glwqé“ PBafst ‘e‘i’a‘[ﬁ}:'aph illustrating
the time evol utioriffe $QRRRMaHEIH ARGy OCMPARIRIABuM th constant |inew dths
iv of 0.5pm and various area fracCtions tivA. 25 Figure 17 is a graph

il lustrating the Eigva?B dhwmtraes thepatisregeonetry iayentdosrsnesiling o theGdHal slurry

and the prior_ar in i lLLurry. Figure 18 is a graph illustrating
the tine- evojﬁgﬁagﬁﬁto gl(‘)‘%ltrgtleg&ggvégb%?%hi ng for patterns with a constant

linewi dth 11, of Oidopmoeisd SEM siwsSngtiearoby @ctionuTs feat2 pattdrhgure 19 is a
graph illustrati n%_ t he corrﬁari son, bet ween th t heoreti cal and_ 30
t r P

experiment al r esuFt&TS 1 Ar HiFarypptisgl migrogiag FEMIR PPN PIOlE patterns

with a Consgda@émkﬁr@a%x@ %H)sb:‘ﬁaﬁfjlflg edival] aeens ea fractions wi). 2 ~
AUG 2005 WO 02/05"43 8 PCTTUS02/ 02254 Figure 20 is a graph illustrating tine

evol uti o of oxi dEigereekrot gehhnifuftating Gossksectymiat profilss wf thh paltecmdwirgnt ar ea

fraction w/,X of , 0.5 and. variQus 11,new dths ir. FT, ure 21 is a graph
Mustrati ng oilﬁg e\ogl\%g?ﬁg‘ﬁ?'s%hﬁg?%ranf}o%t?@ﬁ'i@'wm a constant area fraction

%, of 0.0 1 and ¥&fuicolds\ dre AEMEhbSing.vadouUdpidd dh &R DESORPTihibtes 6kd JHE
| "1 NVENTI ON The follow ng nonmenclature is used throtioliout the description
of the preseisf&yention and is defined as fol |l ows:

Figure 13B are AFMs showing various pattemns after CMP at 3 minutes.

15 Figure 13C are graphs illustrating the surface profiles of various patterns after
CMP at 3 minutes and 30 seconds.
Figure 13D are graphs illustrating the surface profiles of various patterns after
CMP at 5 minutes.
Figure 14 is a graph illustrating the time evolution of copper dishing for
20 patterns with constant area fraction w/A of 0.5.
Figure 15 is a graph illustrating the time evolution of copper dishing for
patterns with constant area fraction w/A of 0.01 and various linewidths w.
Figure 16 is a graph illustrating the time evolution of copper dishing for
patterns with constant linewidths w of 0.5um and various area fractions w/A.
25 Figure 17 is a graph illustrating the comparison of the present invention using
neutral slurry and the prior art using a chemical slurry.
Figure 18 is a graph illustrating the time.evolution of oxide overpolishing for
patterns with a constant linewidth w of 0.5¢tm and various area fractions w/A.
Figure 19 is a graph illustrating the comparison between the theoretical and
30 experimental results for rate of oxide overpolishing for various pattemns with a

constant linewidth w of 0.5um and various area fractions w/A.



Af = area fraction of netal pattern 10 a = half |inewidth of the netal
pattern (m Cl, C-, C-, = integration constants E = Youn2's nodul us of
coatine material (NNnm2) F,, F = normal and tangential forces on thf_ m%%
(N) H hardness of coating material (Nm 15 H = apparent hardness %
conposi te sWPHPHBWIBN' m) h thickness of the material renovBGI/E$N2A0P54 waf er
surface (n) k-,, Preston constant (n¥ NI) k_.. wear coefficient P |oad per
unit length on a high feature (Nm 20 p nornial traction on the wafer
surface (N n2) p, Figume 2q0% miziaph illysteaiag fige spolNer efroxidy pappligirefopyer age
pressure on a A he wafer surface
(Nrn) rd r al %}Legﬁo '&?%ltﬁé%%%agg%ﬁ )?Q)g&g}? @d ‘Ia;l ?%]g&glng{]%fice (m t =
experiment durati ofig@e)21tiga ﬂq*aﬂvelmmmltmgbmdeywnlpwlahmgrfox(;sx)tems withts, = nor nal

and tangential displacenents ol unme loss (nl) 30| R
relative i ne&‘r‘“sVE{) fe"‘iFt'S? ‘V\gf’g 8}( ﬂ%:“)a”g?h“eﬁéqq‘%\“n linewidth (m 2 3 AUG

2095 WO 02/ 059943 9 PCTI US02/ 02254 .r. v, = = Cartesian coordinates (m x" =
position of a datum on t.he displ aced surface of pad m ,0Ch = oxi de
overpol i shing (m d= Cu BEZAildD DEFCREPTAON QR {TH IXHRN M) ;u = friction

?Cl\)ﬂr; icient v Pofhestgﬁ'owmg %Er‘nencpature iEd A8 14%01%% ucfe‘:fcr@lgrt]loffﬂl omhg %r f:aeelat ure

invention and is defined as follows:

Ay= area fraction of metal pattern

10 a = half linewidth of the metal pattern (m)
C,, C., C, = integration constants
E = Young's modulus of coating material (N/m’)

F_, F=nommal and tangential forces on the wafer (N)
H = hardness of coating material (N/m”)

15 H = apparent hardness of a composite surface (N/m”)
/1 = thickness of the material removed on the wafer surface (m)
k, = Preston constant (m*/N)
k.= wear coefficient
P =load per unit length on a high feature (N/m)

20 p = normal traction on the wafer surface (N/m?)
P, = noninal pressure on wafer (N/m-)
p '= average pressure on a high feature (N/m?)
g = tangential traction on the wafer surface (N/m?)
r, = radius of dishing surface (m)

25 S = sliding distance {(m)
t = experiment duration (s)
* = overpolishing duration (s)
u,, u. = normal and tangential displacements of the pad (m)
¥ = volume loss (m°)

30 vy = relative linear velocity of wafer (m/s)

w = pattern linewidth (m)



S= sliding distance (m 10 Figures | A and | B schematically show a copper
damascene structure before and after chem cal nechanical polishing. As
illustrated in Figure IA the copper damascene structure conprisegjang 7005
insulative SiO |ayer having trenches on a SI wafer and a Cu | ayer

deposi ted HNRPAAY3IS| O |ayer. The Cu | ayer conprises a |RERGSOPOI2E4 on

| ocated in the trenches of the SiO, |dyer and an upper portion overlying the
| ower 15 portion of the Cu layer _and the SiO7 layer. Wiile Cu is used to
illustrate the damasCdrmategin (ROFUPES (MY is not intended to Iinmit the scope
of the present inyention,|dit, daih #R)e difPEcEVR HRIRGE @f) present invention
descri bed bel ow cah be used for .other netal damascene structures as well.
The present i nvenficnoyidowiedessking@tihod of chemi cal nechani cal polishing ofa
20 metal damascen _s%rgc@iurf gs illustrated in Figure A The CVP nethod of
the present inveffti ohoEcofprTses a first step of planarizing and polishing
the uppers portionj-ofadhepiRi(a) |ayer in a contact node and a second step of
polishing the insulationlayer and the [ower portion of the netal |ayer in
a steady-state noge fristipneepiioRitvi dual netal lines in the trenches with

m ni mal di shing of _the meial. |ines and overdpolishing 25 of the insulation

| ayer. In the first step, e upper portion of the netal |ayer is planarized
and polished by prgavngadeeesnat on ahivtl featywoN&i) ng pad at an applied pressure
p,,,, and a relatiyve,  velocity >R in a contact node between the wafer and

the polishing pad® “FHENREMaEES Mechani cs nodel s are enpl oyed to determ ne

the presgure vari giohR0 18MnBi BRcEBRELIEShSO a2D8bek Garfl@k el ipad
di spl acenent outside the high features to assure no wafer/pad contact on

the | ow f eat anésfter Fhaanipal nrghyicaAr@zhing 064 Bt USOEL 02 384t GOPIEN gur e 2A
schemati cal | ﬁazggg‘eg\ﬁe sﬁrﬂauPeF’c%fn%g%es'aH%%M ﬂxCeGSiBeEa‘Q@ﬁ%vhﬁgreﬁqa L4l § sPRLAET and the

pol i shing pa einitia age W th uni form pa I splacenent specified
on the hi gh keds (oéser ddpgsited 028 tbefi€niryec alte \Cudhynsomhmses o hdveee pottint er f ace
anari zation stage

between the featute pattern d.the polishing pad. at the pl _

W S pr essURBEY &l HRBFTA Tk ayBCi P RRBicRes e LV TR on)

speci fi ag onpbiGn 6OME EGtlayRYandthgBiC eateH While Thes dse€ &) illpattann geonmetry
affects the pressure distribution and thus results in a nonuniformmateri al

renpval accofgh#genesireiarepit ssiopmtcagerhiojlight the scope of the present invention in
any way. The CMP method of present invention described below can be used for

other metal damascene structures as well.
The present invention provides a method of chemical mechanical polishing of a
20 metal damascene structure as iHustrated in Figure 1A. The CMP method of the
present invention comprises a first step of planarizing and polishing the upper portion
of the metal layer in a contact mode and a second step of polishing the insulation layer
and the lower portion of the metal layer in a steady-state mode to form individual

metal lines in the trenches with minimal dishing of the metal lines and overdpolishing

L)
L

of the insulation layer. ‘

In the first step, the upper portion of the metal layer is planarized and polished
by urging the wafer and a polishing pad at an applied pressure p,, and a relative
velocity v, in a contact mode between the wafer and the polishing pad. The contact
mechanics models are employed to determine the pressure variation on high features
30 and to determine the pad displacement outside the high features to assure no wafer/pad

contact on the low features.



doA/ . _...=6 p(v,1)tR ~1) di 10 The objectives of contact mechanics
nodeling is to determne the pressure distribution on the wafer surface. As
schematically shown in Figure 2A and 2B, in the step of planarizat/ilois ilke
st ep- hei ght_h between high and | ow features are nuch | arger than the pad

di spl acenenVOU¥P34¥ hence the load is essentially support Bel/B§02(0884 hi gh
features only. Then as the pad cont act® the low area, both hi gh and | ow
features will be 1 ,ﬁoIJShc%d- Thﬁ Bressure di st[i ut.ion vvihl becone even
more uni f or m whi | eF1SHE hhgpaically H’é‘lsﬁ% PSR T &b BAY S oot hed
down, as ShoWadidin FhdHHE Boltfingad uf Be itk Bras@dite ahiformSha\dspRcemMitng rigid
line structure In contact with an_elastic polishing pad. The high features
represent thes@®gifitdposie igh featurase Figneres sohagatiaiy shoveribe eaneact oigrieeas

represent the, Cu filled in r Xi region. . Sknce 20 length of
the line is mﬂ’%w{ € %JrhSZ?aufrﬁggntaﬁ ésndlqg%@ggpﬁé:p?r(g?\tsf?egﬂg&ntzaé&psaat’%S‘strl\]. / pad
contact can besspdeithe waifonn pretsueh areliipiical alist(iphianespsdified oy thprabheime The pad
deformation is. usually rmuch smaller than the pad thickness, thus the

cont act st_res%‘&é’fﬁﬁ“érehi ghly concentrated near the pad surface. Wth this
appr oxi mation, therglfes gﬁe@ggbng%ﬁ%%@me%&@lur@msmm B hierepad i@§ an

elastic sem-infinite body. Ication, the 25 tangential traction
wi || be assunednndomamaghial remeval géooydiqy toithe Piegtof ofuabwic-ng anal yses. This
assunption stands only when the fri C,};i on coefficient is lowat the interface
bet ween the wafer and the pad. Pri or__’ex@,@,l(_i-,[{r-pqt al results support that the
friction coefficient in Cu polishir§f is about 0.1. Therefore, the effect of
tangential traction on the stresses is negligible. Additionally, the

pr essur e 18ut sTHeo¢rsivepeidettagtandchardes ryodelingis30 détarmynefic ofespliradiagiribeaen on. I n

this condition he -ent i L .GONA T ~Gan 23A 02/ 059943
PCTI US02102253" 1 aéf?@%‘}fi‘%e(%gﬁﬁ"%?%é%ﬂﬁ@%‘é* 680 5280 bﬁ%ﬂe}/ﬁ or
pressure di St plabaiizatioh, the stdpeheighall@ehwetelgioind loa fEatres areajuchlisre&ahm hases, it

is sinpler to-specify the normal displacenent. u(Y) wthin the contact
regi on on thepﬁg‘giﬂ%ﬁ?ﬁ?‘éﬁ 4 Aol heaee @S?H@SHWS"(”G"‘%%‘PB?%Wk?yéh%*"ghﬁ‘?"'ﬁﬁ'csf eat ure.

The formul ati gfy OfhdnR 1Y BRITUAGE IR UL BRG] 1BPRich InPBwiBRuRadFIE f ace 5
within the contact region can be expressed as is p(s)rls.izE cu_ (x) a

-nx- S 2( 15 v2) pelishggh I hetpeessundistitbuaen wilkipceme aventmare wiiyrmmwlyildsbe sbitaas ned from
is being gradually polished and smoothed down, as shown in Figure 2C.

Figure 3 schematically shows a moving rigid line structure in contact with an
elastic polishing pad. The high features represent the Cu deposited on the underlying
oxide and the low areas represent the Cu filled in the trenched oxide region. Since the

20 length of the line is much larger than its lateral dimensions, the pattern/pad contact can
be modeled as a two-dimensional (plane-strain) problem. The pad deformation is
usually much smaller than the pad thickness, thus the contact stresses are highly
concentrated near the pad surface. With this approximation, the stresses can be
calculated by assuming the pad as an elastic semi-infinite body. For simplification, the

25 tangential traction will be assumed to vanish, i.e. g{x)=0, in the following analyses.
This assumption stands only when the friction coefficient is low at the interface
between the wafer and the pad. Prior experimental results support that the friction
coefficient in Cu polishing is about 0.1. Therefore, the effect of tangential traction on
the stresses is negligible. Additionally, the pressure outside the loaded regions is zero

30 in step of planarization. In this condition, the entire boundary conditions can be



czr_ (x) (1- 2v)(l +v) P(-r) ct E (2b) where m(r) is the nornal

di spl acenent, v the Poisson's ratio, E the Young's nodulus 10 of the pad,
and s a dummy variable. The general solution of the singular integralld MG 2005
Equat i on (2aé S given by P(i)=-, E~, 7"(a--s-) a, (Sds+ 2(1-,-)(a-
o~ (x-s)WRMEINS. Ty U Ja (rr {3) where P is the PGHESB@224Nn| t e

| ength on the high features. In the f 8t 1 owi ng anal yses, these equations

w Il be enployed,tp solve .nultiple-punch contact copdifions with the 15
Assunpti on ¢ R LiRY e riTbH L dRP RS B aEsy b LR s

pl anari zat i ORegibhEa RaL k@Y. NInREME khses, iisis KiARNR 14 §RBIY e nofndl Aispdepast t i on
process, as shown in Figure 2A. By assuming a uniformindentation (crr. |
% = 0) acr ok wiEhip hgtconeeidesion eryibgassummECH e Pad cenfermstte tswrefdnobn the hi gh
features (IX,: <- I : I : 7r[ a2
“(x-nA)2] 1J hfé‘g%%“rﬁhg?‘gef%%??g?’hgﬂf]%g’%%gﬁé%ggh‘ﬁg’gﬁ’{‘g%{ﬁ t&%éﬁdc?ﬁ‘,%‘% the i ndex
of the hisgh fweainthe cértanrdgive capbatgrenéd 4she sub-die area (from-Nto N,
totally 2N+1 high features). In Equation (4?, ,tpe | oad P on each high
features is assuned to be cons aaﬁﬁldT@L i #nPhe interested fegtures
are near the center of a sub-di&rwisth r @pleat’)paftern, and thus its pressure
25 distribution will not be affected by the different pattern in the

nei ghbori ng %H&)fhgita%oé&%b@g@g%%gg\égégégggtgﬁé%eghg%i 12 PCTI US02/ 02254 Fi gure

4 shows the normali1z e normalized distance.y/a
fu (x) _ _(1=2v)(1+w)
& E i

(x) (2b)

where w.{x} is the normal displacement, v the Poisson’s ratio, £ the Young’s modulus ..
10 of the pad, and 5 2 dummy variable. The generzl solution of the singular mtegral
Equation (2a) is given by

2 212 =
E o {(a 57) a":(s)ds+ P

- =2 T Gon) & prrae

plx)=~

where P is the load per unite length on the high features. In the following analyses,
these equations will be employed to solve multiple-punch contact conditions with the
assumption that superposition is valid.

In the nitial stage of Cu planarization, the pattern profile is known from the
prior deposition process, as shown in Figure 2A, By assuming a uniform indentation

(& /& =0) across the flat loaded region, the pressure distribution on the high
features (|x - ni]|<a) can be obtained from Equation (3):

20 px)= = 4
:r[az —(x—u}i.)z]uz )

wh.ere P is the load on each contact region, # the index of the high feature from the
center of the sub-die area (from -N to N, totally 2N+1 high features). In Equation (4),
the load P on each high features is assumed to be constant. This is when the interested
features are near the center of a sub-die with repeat pattern, and thus its pressure

25 distribution will not be affected by the different pattern in the neighboring sub-die



across a |l oaded region (high feature), where the nornalized pressure is
defined as p(x) = p(x) / P, (5 5 where p' is the average pressur 'OngGa?ﬂ
specific high feature. The pressure reaches a theoretical infinit t %‘5
edges in t hi/ﬁh features due to the discontinuity of A| / at the sharp
corners. AP a finite radius rgt ai ns the continui PGUER20E354 |
across the edge and the pressure woulld increase to a hi gh but finite val ue
near the edgearea.Moreover, the pad material cannot sustain such a high stress
and ..ill plastically yield 10 around the corner of cont Despite the
pressure concent r dtEHR 4 58S t@ﬁé(“@tﬁbéf'éj prespge Ppl‘ %’§’ésd}“’e“‘?r§‘ag?%dtq”|‘%? &4

uni formy over t he f ‘%ure gﬁqos& ‘0 g 4 ) aver age
pressure p ' i%AA ARy weton P gy PEF Bird1ory lzﬁéﬁ%?ﬁub%fsgﬁ‘fnegﬁém that the
general shape of the curve is not afﬁﬁyifg yby the load and the el ags) c
properties of the pad_ Increase of t oad on each high feature wll
proporti onal | yhdrapl waseavefage pregatitne shbeifit highddanpai Tihe fredsurotachbsange its

di stribution over the high feature. The pad di spl acenent outside the hi gh
feat ures can Heoretsghafipye @G‘Eﬁsﬁi?&}fllﬂi‘fd"glhgamﬁ?ﬁé’s'§EPr‘Bestq’ﬁ“ﬁ“‘l%%fd@d fegi ons

bt ai ned f t t f
Cht egrat on. A B Gmen 4 Beiuce bai Bovs reele e TRURE He! ARFSsd form
as r2)p t 2(9& ydﬂe%h)l "heﬁ:('éswre wauldlﬂgcrbﬁ N 2<h oh ?Jﬂ‘(zflmte(. thé nl‘;}r'the ed@ 1/21+( 2N +

1)C1 (6) nor mal 1 zed~di spl acenent outsi de t he high
features, deanedvasthe pad mﬁtm)xalzcanrtot susfax) SU/Cb.a h@rxdes@: ani s 1111 hlestrallypicidzed
i ntegratjon const ch indentation

and can o wrA T oriet of Gtect Disge R prospis cdpepitpfon nly ARG WY g
integration GRAsERM diSrib@&adufmMilyds efBk Eaiird 8s NYseGH et 0T tAnedstiim xO on Z 3
AUG 7000 WO 02/059943 PCT11JS02102254 13 .

average pressure p “in the contact region. Additionally, Equation (4) shows that the

general shape of the curve is not affected by the load and the elastic properties of the

pad. Increase of the load on each high feature will proportionally increase the pressure
15 at each point but not change its distribution over the high feature.

The pad displacement outside the high features can be found by substituting the
pressure within loaded regions obtained from Equation (4) into equation (2a) and

performing the integration. The pad displacement can be expressed in the normalized

form as

o N2 12
20 Ir:(_r)=—___.._.."(""-)" %m[" ”"+[("—”") —] }+(2N+l)€l (6)

a a

where i_1s the normalized displacement outside the high features, defined as
r.(x)=u_(x)/a ,and C, is the normalized integration constant, defined in the case of

single flat punch indentation and can be written as
172
2y o 2
¢, =20z¥P %o 1 Xe g %)
7E a a’

25 The integration constant C, can only be determined by choosing a datum x, on



di spl aced surface referred to the initial surface plane, in which rr,.(.~~1
= 0. The choice of x0 usually needs to refer to the observation on # iﬁ&@gl
deforn-led surface. This difficulty of determning C, is a generalz &

of the elastic hal f-space problemsince the boundary conditions at the far
ends away fVBRPR¥3contacting surface are 5 undefined. ToPGUUMBH0E4t he
difficulty, the actual shape and di neddion of the elastic body and the
boundary conditions at the supporting sides nust be considered. However, if
the interest fisplensdwdace stfarede tehiape! srfaeqplagsain whyeh 4o/ 5kl Tihe shoice

di spl acenent rface

| evel , the ch%fph&ap?%%dg?c}s}éﬁeg?o {h?%%?‘%gg{l m:'iang rémg?}ﬁggﬁ{g%d %? %%:frht?ﬁe profile
of the pad sudiffauéy oﬂd@erﬁhﬁn@d‘phd&gbyerﬂdmhmiocﬁrhe@fasﬁﬂhélﬁsm@prebﬁursmcﬁay be

appl i ed when eady ate profjle of h features is reached with the
assunption th%f"% ‘H'@F“é’ ‘iOE‘S’HB“Sc?éFhe Erteng?la“’? O #if LBYENE r{a%esarghom in Figure

2B. The pgessyidef HédStﬁo'sQHﬁdlﬂﬂth@%ﬂﬁpﬁtf ﬁlle%t:tﬁg shébe atnh%lrhé?@%n 3t 0R egRGH hi gh
feature {iIx - ,r;J s a and the feature as: P(x)= P=p, 15

Utilizing thulsadb@ud]dwarbyummdtmdtmns thmummm(@ayiesoawst becesidesd. for the pad

di spl acenent gver -die area. mJ arl a ng, can be
wiCton i oot veichIERE I St R b bl e b p SRR el )
+~1- 111/ 1- ih{cAbke Eddtdes mstéac(cﬁ)th&&b\f&l&nv\ﬂﬁfseu@cellﬁeﬁim& EHoR@lodk | iIRocoNSt ant
and determned relative to a _datu (reE)P 1+ a Hin(l a~ 1 )In(C |- -

(10) Anot her lﬁwggtiHBP@d Hﬂhﬁ‘fﬁéff?t@%ﬁﬂﬁ'k&ﬁ“’ér}?a@ hBfaRE-gh feature.is el liptical
pr essur eyq di SUI T buhic o G KEEoHBE A RGH:Yure hily bELSyIEASen Ry he vaf er

and the pad are nodeled ds non-conformng, el as di es. Consi‘der a
t wo- di mensi orsidte piofi tezqfarghze@urAU(er@@&\V\@G@/ﬁ@@gﬁmen PETihgS02100a%tt on 14

cont act pr obl eI A RSSO, HSblk BH TR0kl ANBBONACK LR X ©7

the load P on each high feature (|x - n2] < a and the half width @ of the feature as:
P
plxy=—=p' (8)
=0

15 Utilizing this boundary condition, Equation (2a) can be solved for the pad
displacement over the sub-die area. Simularly, the displacement can be written in

normalized form as

-y3ypt N - e
o {=v9p § ‘:(l i n).) ln(] X n/_J
- KE n=-~Y a a

+(I_:r—n).)ln(l_.Y~—11}.J'}+(2N+I)Cz &)

a a
20 where C, is an integration constant and determined relative to a datum x,.

=022 (1ol (202 | "

Another possible boundary condition on the high feature is elliptical pressure
distribution given by Hertz theory. In this case, both the wafer and the pad are

modeled as non-conforming, elastic bodies. Consider a two-dimensional Hertzian



5 where p" is maxi num pressure on the feature and can be found by 2P 4p' za
.Z As also shown in Figure 4, the pressure distribution can be rewritten as
the normalized form T, versus the dinensionless distance.Vv'a. 2005
1-(a~ 2) (12) The elliptical pressure distribution should result |n a ?16 I]n
rate of nmaty 2465994310 renoval near the center of high feaPar&so2/0Is wl |
change the profile of the high featur®s and pronote the pressure
distribution toward a nore uniformfashion. Applying this elliptical
pressure di stcpmbcrtpmmermnhqmessmmawmflh@eﬁ@rtﬁsmr?%ui drdpleaddhknt is given
as ~ ~ _ - 4(1- 1=-)p>> 15 ~L" al7~}' J1.C771L ~~r ~ ~IfJ 1 InIXx
ar7/' .1 + F(ac)\przsseda_s} ~2N~1c3 Wnere g is anot her di nensionless integration
constant. 4 1- i=z Cz }Pr 3 =-~1) (,irE I~l1',OI al (14) (15) Fi gure 5
is a schematic view showi ng the surSac ipr( 1)r e of defornmed pad f{)lr 3 AUG
2005 WD 02/ 059943 PCTI US02102254°(% a

where p, is maximum pressure on the feature and can be found by

- 2P 4
5 =22 (12)
na T
As also shown in Figure 4, the pressure distribution can be rewritten as the
normalized form, 7, versus the dimensionless distance x/a.
. 2\ 12
- X -
P(x) =-{1—(") ] {13)
i a
The elliptical pressure distribution should result in a higher rate of material
10 removal near the center of high features. This will change the profile of the high
features and promote the pressure distribution toward a more uniform fashion.
Applying this elliptical pressure distribution on the boundary, the normalized
displacement is given as
2 \ 2
7= _4(-vT Hp' % [.\‘-—nﬂ.) _[ |x = ni} (_\-- n).)“ o
JtE n=—x a a a
b = 12 e—ni)?
15 —Inf AL [ ) -1 ]}+(2N+1)C3 (14)
a a

where C, is another dimensionless integration constant.

' - 2 - -
o Ai=vp [_-_‘:g)z__ 1%l [‘_0) PR LN (i.f)_]z_} (15)
3 b4 a a a a a

Figure 5 is a schematic view showing the surface profile of deformed pad for



15 various boundary conditions The normalized pad displ acenents near the
center of the sub-die region for the various boundary conditions are based
on Equations (6), (9). and (14)_ The zero on the ordinate is set tol#étledll
to the top of the high features. The displacenent is cal cul ated based on

t he geomet r WeP2@8¥43 o0 current CWP practice that 5 area fr&criusoeizess0.5 (A =
/A =1 - 2alA =0.5), and the applied ¥ressure on the wafer is 0.05 MPa (7
psi)_ As shown_i 1 af the
P are assuntipdRniip o Re iR g PR NS RAPE LR tyR

current pad). sithgic r@saifoptheonriafs blbug:laeb q:umdmhnmgel‘bmenhinummns (6)peh. and

anal yses is valid since the Young's. 10 m)d ? L\ terials involved in
Cu damascene &% %%?FY‘PIP'@H@P‘Q‘PPAW%SH'&P‘%{FT ip §‘Blé8ft g ighdeafuress gt j ¢
Properties of t (GPa)
cu128' 0. 30 Tald%/g%‘%" AL %?%!éaotg)g sreg%%, 5 %gmg%l\/gquggﬁgggﬁ’%@’é}\gp%%ﬁl{i@wépthg I's
Handbook 3ASI\/la]ten1ﬂectmt:s Emawf ZtMHalncH@éAble 65), Ivadémlaablsedﬁccssmcen tIGRGf#r ess

I nc. is shovxp ,t]g@t i e)anam mum di spl acenents of the pad for three
boundary condi t§oME2 & B pproxi mately of the sanme order of magnitude. For
current circuit dﬁ§k}9ﬂrmﬂmfa!bthhwastw,ﬂ&dmmfangmfaiséonfﬁawbﬁmep@daa:@out w =
0.18 - 0.5 m(or a 0.09 25 0.25 for features with area fraction of 0.5),

t he di spl acen‘éﬁvm@ﬂmthlﬁe?péﬂo Miresndis =tOelcloss @nh%é@fﬂwefgnﬁ@paéblﬁheo 03 to 0.08
nm al nost ne - , -Rad.

Ther ef or e, Ifg{ Hrglbll?%n of(f‘l% &L@%é‘ﬁ&d’én %th(ﬁ 1?13“}1&8 sé:SQEggfbe%:?ceg}; 1C§r.rent,
such as i pl aedal z{édllmmexsetlsaiyml@éd RCupdamasdene gre (nfueh ha:rhetmlan thal ofshep- hei ght

of about 0.5 - M, the pad is expected to be not in contact with the | ow
surfaces. 30 1s material renoval rate on low features will be relatively
| ow because no abrasion V\oygge@cq.y:;s“@@tlb%,-;;&eofgnglte%ls; he pl anari zation
process. Additionally, Eigure 2 905
Material Young’s Modulus | Poissen’s Ratio
{GPa)
Cu 128" 0.30
I5 Ta 1861 0.30
Si0, (TEOS) 747 0.20
Rodel Pad 0.5 0.30

' ASM Metals Handbook, ASM International.
20 ' Handbook of Materials Science, CRC Press Inc.

It is shown that the maximum displacements of the pad for three boundary
conditions are approximately of the same order of magnitude. For current circuit
design in which the width of small features is about w=0.18 - 0.5 um (or a = 0.09 -

25 0.25 for features with area fraction of 0.5), the displacement of the pad outside the
high features is about 0.03 to 0.08 nm, almost negiigible compared with the surface
roughness of the pad. Therefore, if the step-height is much larger than the pad
displacement, such as in planarization stage of Cu polishing (for an initial step-height
of about 0.5 - 1 pm), the pad is expected to be not in contact with the low surfaces,

30 Thus material removal rate on low features will be relatively low because no abrasion

would occur until the end of the planarization process. Additionally, Figure 5 is



WD 02/ 059943 16 PCTI US02/ 02254 cal cul ated based on the indentation of 33
flat punches (high features). It is found that the pad displacenmemnty neaj;
the center of the sub-die area is alnbst not affected by the total number
and geomstr?/wof features beyond a certain distance fromthe point of

i nt erest QUS4 | the di spl acement of the pad and t he PEHAJSE2/8254t he
deformed pad at a 5 specific low featule will be only affected by the
features within five or six times of the |tchfromthe5ﬁlonlnterested

The effects of calquipsditased %ﬁhﬁoléaermt@mo&é%ﬂ@r&ma'&n033%6‘—85%% ey By i n
Figure 5. Foryg M1§P¢£c@naxy?ttn@aﬁ9@§énﬁe95f@5@% a@al;ea%m:nfowno@af@émh% @S, the

i ncrease of |i neE\n dt w 'l proportionally scale up the displ acerrent of the
pad. Consequenbiaypurtiee apbgtomeghbf fedresbeyondnaesantdatinet fiemiimpoaned bef ore

t he topograph | anari the rate of na at For
mstanclf:)eg tﬁeylﬁrlégfs it8 8FIf én‘gﬁﬁnﬁéceaﬁam tkfoparqr?gflgF Sill 5 ﬁqe\/\ﬁleg%mlegﬂqéfsla

practice, swhengthfic phZRalle PBiGe IR etk @By B Gt Sy ANA Whe POy imddrméi m and
particle size which is about 200 nm are consi dered, the |ow area of a w de

feature (int ermr@hﬁr@mthﬂewn wgfeisstedt i ng pad) will be in contact with the pad
at the earlier n e tial
step-height in t hi ?hgagg)&gft(%gﬂ]d}h&e Ggs%pd%j&eﬂ% al% l():‘1'; {(;lﬁsilézdelh?gg{eur es, the
pad asperiti ess. Gnaphttareafh cbﬁk&niﬂ‘ﬁhfa@ﬁdmfc& ekamek Y. Sv\ihrehncrédseoﬁ:lmsidﬂai nt of

t he surroundi ng_ _hi gh features n t he pad does not contact the |ow area
until the end B! prwrtfﬂnaﬁ»éw%aw.t g‘ﬁé@ﬁ"—ﬁé‘“tﬁ’g g {CResequptiy; WpPaaRisaht i s
very smajg . ?s%rﬁe% &t 1R1158 Glea ¥ rordRE B9 ELphyY @%mngmd%a thelrhieopane area
fraction A fis ecrease the average matéerial renoval rate on the high
feature. Si ncealqslamangfz dedieastsod@r inatanerothe ppdiisplagemept maawtz?ammfnr F8gime is
supported by t e res, the avera res . 1 h ature
decreases and ds]%“cfge’sne ?'igfif%c “}éerrr}t)t@% Ee%ﬁedg‘ﬂ%n?es 3 “ |a§§mgp@t %Jeoerraterl al
renoval rate aimn,dnd petidatizantiah iy Hoht 200 nhege om:de&ﬁmh‘es,ou remo2bwidari ati on of
process duratlon for clearlg Cu on. the sarTE die. Thi \évill r gwre part of
the die to be EEF GBlereonudt Bk PHITBaRRUSTTbe decbRFER RBLE R4F AR Fisherand o
loss  proBl emganAeisiibh %ﬁﬁé ééboﬁt']'s@lf eafik Hrﬁﬁalfsfés He Q¥ afnﬁfﬁsts WERS @drfpakdtiveRNt act
with the pad, 'the nore kely the surface topography may partially 'remin
until the endfwmuhmn@fmSlhefeapxr@c@sgad asmrsuemynnomﬁra@a@e lghésagug freebiewith

nonuni form ty %ng; %Qif] o Bl S0 nlgldmogngf%&'ieétﬁ'reg hg.3Q | hg Sz'? tél]oe 2DELRLG dde U

| ayer is polls rodghs " guires ustrates t 'splacenent ver sus
the pattern an@aafes antliterediar 12 planAtiatidn rdgirhe because the pad displacement is very
small.
20 Another effect of increased linewidth with the same area fraction A,is to

decrease the average material removal rate on the high feature. Since part of the load
at some point in planarization regime is supported by the low features, the average
pressure on the high feature decreases and so does material removal rate, The
variation of the material removal rate on different area fraction regions results in a

25 variation of process duration for clearing Cu on the same die. This will require part of
the die to be overpolished and introduces oxide thickness variation and Cu loss
problems. Additionally, the earlier the low features are in contact with the pad, the
more likely the surface topography may partially remain until the end-point of the
process. This may increase the surface nonuniformity and start dishing the Cu in the

30 trenches before the Cu layer is polished through.

Figure 6 illustrates the pad displacement versus the pattern area fraction for



WD 021059943 PCTI US02/ 02254 17 various boundary conditions. The nornmalized
pad di spl acenent, uJda, increases with the Af The three boundary condz'g&i%ﬁiﬁn%15
applied show the sane trends and simlar value of displacenent. Anmong f‘ e -@
three boundaries, the elliptical pressure distribution gains the |argest

pad di spl ackREAPS*P4Er all A f; For lower A, the boundary RCHESROZA of 5
uniformpressure results in a slightly’larger pad displacenent at the |ow
area than that . of. the constant displ| ace peci f] i.tion...\When Al is
greater than G§% %%‘B& ORI Elf?%@“%%%?é%?‘g@g%n{ﬁgggg (g? I%tr%aé&ln‘b‘\w area with

the boundary HeAdiThe dite@bounans camitiais apjliad shenihcaimé hendsaadsichinegilan. Except
at the steep increase of uJa with Afat higher area fractiqn region, i.e.
10 greater t R{displagementeAmionpihssedhien POy E@adeslptiFAd SFESPYTRERIPYIR th A, |

Bet ween area oafl{s%eé[ia%g?tg%? g_]é zrar(éeﬁ%egt t%f fli Be 3l RREr 9f e hButdiry &npﬁio%?_‘“ 1

x10"3. Thus the pa W ble at the %ane order of nagnitude
even with a sinifghb preasurateidn iof slgghdp largeaped displiaementes tprlesenta thdnrtbati t desi gn
practices. Therefore, for the first. few netal, |ayers with fine

i nt er connect ?tl}eﬁé’“gﬁﬁti‘iﬁ@cwqr‘f Sqfé‘f'ﬁi_jé?i’élr“f"?eawlf 's_tfé'f%ffr_ép’{“hde{lpad in 15
contact Wi th ghpRxinfitel A tBpadBRIAESmorefat 1hB @vldrdaivigwhe bhurderysaRdiliorasrd t he
effect of pad " displacenent is essentially negligible, the material renoval

rate and the ceatiant displapiragnhntitheaiordsd rgien. bot h i ncrease proportional ly with
Albecause the ave@ge%‘rgtr tggﬁge{pemcprgasg Pf"u}y \gitﬂa}ci%?Bx‘vlfl?rsar%asfrdcﬂXx?#ﬁ%h}’i.e.
) iS Wl Feéesu In b f the surféce

proportional to A" | UM dup o
non- pl andr i t \ereskdr fhan 0 eéhediiplazeman Sncekiabdsalrent liarela Witha¢t Berveeegeons at the

20 planarizatjon stage of process Figure. 7 illustrates the effect-of applied
pressure Pa, [ragtiop ‘%fg%n@%é’!ﬁ]ifcf‘fﬂﬂﬁgwg‘“f"ﬁés ‘15’88? ]E%hn_a‘hﬂ@t 2RPddi spl acenent

(el liptical REipmeth&:disbé b d0R)ordéMot Raghitudd BRASHON S35t RELGGEIEr pa, / E
which is close to 10" for the present pad and noninal pressure enployed in

CVP. However aregiffateoreior ths pesentairciedesiga gracicesad perefoee, farghelrspBwaretdur f ace

pl anarity. For., X S: ngi ' i 1. about, .one order
of magnit ude%dre gs)éﬁgf hlf 'gtr?%;a ﬁ%c%b%Slr?rg{chgg%g%o@gﬁd( %g%ﬂ ;&Q%fﬁé‘}g p% tdcl)I? even sone
soft nHEdal s cumthdr wihaholotledra. Eesieg i thaide ligrvaathds sihdlbamdiEh€ efeuss ph@- 20 GPa) ,
may be used

s . the top pad to i ove the surfac | anarity. Figure 7
i ndi cat es thgtspl"‘ﬁ@wﬂé&f €s leﬁfymﬂ%ﬁmﬁfmawa@ﬁ@aé f%?é 'thff%%%frl y with the
increase of BlkiZf8n AACERRARrAle PBOhdRBoraly Ydth Uebecli theMilde8 pleddhrdéh appl i ed
to the pad displacenent at both the |low featureé and the |ower sub-die

regi on whi ch thiddglplsatureséy instveedy propaTtipaad toof, dbis Wil reshlebuildepal he 3 AUG 2305
WO 02/ 059943 sm%g/n&?-%{a%?%hm the die across different area fraction regions at the
20 planarization stage of process. '
Figure 7 illustrates the effect of applied pressure 7, and Young’s modulus of
the pad F on the pad displacement (elliptical pressure distribution), with a
dimensionless parameter p,/E, which is close to 10" for the present pad and nominal
pressure employed in CMP. However, different pads may be used to vary the degree
25 of surface planarity. For examples, some engineering plastics, with £ about one order
of magnitude greater than the polyurethane pad (a.bout 1-5 GPa), or even some soft
metals with two orders of magnitude greater than £ (about 10-20 GPa), may be used as
the top pad to improve the surface planarity. Figure 7 indicates that the pad
displacement will decrease proportionally with the increase of £ or the decrease of
30 P./E value. The results can be applied to the pad displacement at both the low feature

and the lower sub-die region which has been polished down faster due to higher area



18 fraction than the surrounding |low area fraction surface. By using a
stiffer pad, the surface level of two distinct area fraction reg @{Emw
mai ntai ned at snall difference and retain the surface pl anarlty he
die. On the other hand, a conpliant pad, such as sonme pol yner foams with E
rangi ng fr A QWHSWE3 500 MPa to 5 about 10 MPa, to reduce PAEFUSHARSn abrasive
particles and prevent surface scratchi®ng in the final polishing regine. By
enpl oyi ng the contact nmechani cs nodel t he desired rang%ﬁﬁp g Propertl es
with respect faﬁt*?m‘éa'?‘éﬁ@‘é"%‘l“dléﬁﬂﬂ‘i’ ¥62 FARO8 §pacEa BYRGSSEIRi R8d e Ret ur ni ng
to Figure 2Dg Jel{gl @Brd?stt aFéA?raE@de%%né ﬂE)‘?Bé pamRldveamf he feature
pattern and t I ng pa at the onsét of dishing and overpolishing. As
10 shown in E;ﬁjﬂﬁr&eﬂﬁlj retalﬂeﬂ]sGﬁrfacepianmtEBUoﬁﬁbtﬂlS mage ¢thetthend.iehan t he

di ffusion barrie t he inter | LD)

oxi de.  andt HERBURT dEk st g ApwRgdreey o E i Bem YRl ety ) o
order tosi sol85@ 15MEPLt ki@ HIGABAEST SraRetpARiclRahd Brelent klgrcoxdratening | | be
overpol i shed. In accordance with the CMP nethod of the present invention, a

second step o thefmalnslishipg vegineen By wmhsamg@ﬁcpra%mah@ww%v@? disared i on of
the metal | @Yo bda SRpLiEA sl todhR At BRI 8 chiPod Qdhehiag! vi dual

metal lines ifnth m ni ma the netal |1 nes and
m ni mal over pol i sRiemgn@‘ totHiguré 2B shidthiibinstriz ey dre. coRettenlwrfmg liemdahelemear
equation, the Preston con tant..can be rati wear

def
coefficient Heawrepyieandihe polishing atﬁ}aete‘eis?teqdﬁginﬁﬁnﬁ&‘?@‘ﬁ%‘" &T Els the 20

intrinsig rmts%min Hi&ROYB) thé SfECRIntREBAnRR RearPikrdriBanWBé SiFfuSib baLE can be
deternined by the Preston equation, which may be rewitten as d dt=HPR

(16) where p (7% Ti e TeReand tbwtea@e’eb@lelsem L&Y pridecendtthe twefacd fiGi ty of t he
I nt er e.St ed pgrhgpcoa%@cts gl?sh\é\@f %Hd:ﬁ(‘ﬂa Izcﬁ ord-gpﬁ) 1%% t[?e 11%&9#0%9@ tsd(ﬁﬁﬁpds on the

pol i shing mechanismand 1S 25 1 nsensitive to th eria ed. K"

appr oxi mat el patteemahasxide \cxdiri:etoaerpolﬁshed vari ous surface coati ngs including Cu
and TECS on bl anket wafers |t§1] 8 gI\/P con |t| ons. th assurred
the same on both %cYAgcr 840 the-¥E apetho ﬁleerP‘?ﬁ‘?Bt lﬂh‘f"é‘lpl’aﬂse?%‘ﬁﬁfﬁlo rate on
bot h Cujand éﬂléﬂﬂlgtﬁh@ﬁﬁﬁﬁlonQ@eSE}Me loﬂreF bR oPRe nl¥BY 1REr BXRFi6S&RG as dh) =

&
'~ PQU"R (17) t Cu Hcu 2 3 AUG 2005 {)/\O 02/ 059943 PCTI US02/ 02254 19
a steady-state mode to form individual metal lines in the trenches with minimal .

dishing of the metal lines and minimal overpolishing of the insulation layer.
Referring to the wear equation, the Preston constant can be defined as the ratio
of the wear coefficient £ to the hardness H of material being polished. Thus the
20 intrinsic material removal rate at any point on the wafer surface can be determined by
the Preston equation, which may be rewritten as

dh k.
82w 16
ar HP‘R (16)

where p is the local average pressure applied at the vicinity of the interested point on
the wafer surface. The wear coefficient depends on the polishing mechanism and is
25 insensitive to the material polished. K, approximately remains a constant for various
surface coatings including Cu and TEOS on blanket wafers in the CMP conditions. If
_ the £, is assumed the same on both die-and feature-scales, then the material removal
rate on both Cu and oxide surface, as shown in Figure 2D, may be expressed as

dh] k.,
- uV 17
( i), ch PcuVr ) (17)




dii nIVPOrhOR dt Orrde HCu where Hc" and HO,.;rle are the materi al

har dnesses of Cu and oxi de, respectively. If the steady-state regi ol
assuned, i.e. the anmpbunt of Cu dishing remains constant with overggeﬁ“@m%g
time, the material renoval on both Cu and oxi de surface should be 5 uniform
and at the WaAHPHe. dlir~ d t ) dt d Oxide (19) By fufd¥3%¥E22Equati ons
(17) and (18), and noticing that the F%I ative velocity on the adjacent Cu
and oxide regions are virtually the sarre the relation between pressure

di stributed on and Cu and oxide aCr%)the_ gness of these materialsscan be
expressed 10 as: P[}r NCr PQi b2 rifde 15 %20) To solve pl and pori,,,e
wth pattern geonetry, the force equilibriumcondition on the interested

area across r ec i C e
anpt oyed. PC, 07 o AP EgR Al L P R e Ve e

pressur e on tdemdg stk gimeds &ssuméd i.¢.ehanait eff@aditiag tangimgs cadstant pahA,
Equation (21) can_.he rewitten Par 2) Si nce the

surface vari SFBRITHMEIME fr%‘??f’tﬁ}ﬁsl YW"?‘IaﬁWbF%g“Iaé? ﬁgdg g‘@ﬁ’ﬁF F])?”i s t han

100- 200 20 nmiRfh ekd & tedakde per i od of overpolishing, the |ocal average
pressure on p can be assumed approxi mately equal to the average pressure on

the die par.. Solving Equation (2Zyk y He) rel ation given in Equ d)on (20),
t he pressure on t he oxide surface i\ i d’yosetate is given as Pori de
H HA+ 1 [( CQu Oridc) f ( - .. f)HA

By equating Equations (17) and (18), and noticing that the relative velocity on the
adjacent Cu and oxide regions are virtually the same, the relation between pressure
distributed on and Cu and oxide and the hardness of these materials can be expressed
10 as:
Pou__ e 20)
Fovide  Hovide
To solve pg, and pg,,,. With pattern geometry, the force equilibrium condition on the
interested area across an interconnect and the surrounding oxide spacing can be
employed.
15 P+ Posige (2 = W)= B2 1
where 5 is the average pressure on the specific area. In terms of area fraction, 4,=
w/A, Equation (21) can be rewritten as
Peudy + Povige (1= Af)=P = p,. (22)
Since the surface variation (nonuniformity) will not be large, usually less than 100-200
20 nm after a short period of overpolishing, the local average pressure on pcan be
assumed approximately equal to the average pressure on the die p,.. Solving Equation
. (22) by the relation given in Equation {20), the pressure on the oxide surface in steady-

state is given as

P = - P (23)
[(HCM /Ha\'r'dt')Af +(I - Af)] [(HCH /HO.\‘J'de)Af +(] - Af)]

Povide =

25 The pressure on the oxide surface is a function of average pressure on the die,



[(H / Oride) f ( f )] (23) 25 The pressure on the oxide surface is a
function of average pressure on the die, 23 AU 20115 WO 02/ 059943

PCTI US02102254 20 the hardness of the materials presented on the durki&cH(b
and the area fraction of the pattern. If the pressure in Equation (18) is
repl aced byWPd&a¥P4Hn (23), the Preston equation on the oRCHESBORBHCE can be

rewitten as dh Oxide _ k,,. K" -- K. rl! HOx _idr [(HG / HD ide). f
+ (1- . 4f ) \ ) t he
"apparent har r‘flets?rsﬂiI 53 OE tll\élIM’TEJPI?NV\‘/%'eggtn {éﬁéégéH Cre a{d‘ thk? EQ%kt%q}f? % (25)

Equati on (24) paigam. bi thientressyre é Eqhaden (I¥ats, replapesltbeﬁmtsma(t-é) ﬂtelﬁ’eenml i shing
rate on a specific pgterned ar ea U|val ent to the rate in fleld ar ea

With rmaterial SHFigmesthegud eéﬁréﬂcfﬁ@”l%ear T HETage pressure p (:= )L
there is a variafipn ', across adj;e area 10 due to he varlatlon of
pattern area fratg—ﬂo de= o ﬂ\’ ~mi.¢kness(2f#rom t he
mean t hi ckness wi-fl Olmﬁcr awe|Wici howeriss i sHirn ce the apparent
har dness acr oss the d| e shoul d be designed as uniformas possible to reduce
over pol i shi ng. ,.the rate of oxide over ollshlng i s bounded by
the steady- sf‘&fré r}% XW?% ﬁpﬁrﬁﬂ‘giar%ﬁsdé“‘g&?q@n‘ W5t . Based on force
equi librium the 15 pressure on pheyoxi QeH ézprease with the imsyease of
dishing (less pressure will be applie lines) until a

steady-state val ueE% b AINEL: be%t@?g:lréédééthatthﬁ sQaedy mkltﬁ@ Hiningtle bia Pounded

by the bl anket Cu r (as”on the planar surface right he” end- poi nt)
and the steadypesitf'lau)ettm'attdearcﬁ1stmev€éam’t|t®unmmgl feid glea (\Whmmll'ﬁrlathw@reys Hlose to

bl anket oxi de i shing rate except in_t case 0 xtr hi hdar ea
Fract ony« 20rBIESTHATEEEE Frrts BT Bud nif WFAR SoeBPLbchdaaisra
I I1ustraye thg QB BLOOG, V@@ﬁ’eﬁ?&'f@&@d\d&g dESat':d%fﬁhé&\‘?dé&%gg of the

present ins'ention in any mascene structurée was signed to
study the effmnﬂ\sessfrogethﬂWarythmknesﬁElxhhait;aelasahnsihowgpcﬂmhinemnﬂeH(amerth)fol i shi ng.

Figure 8 schenatic II shows the ayqut on a test fer, The
pattern on ealWaydf a( ESTRTSS 116 dﬁ%’oﬁ 143 |d§’t’s'¥ 81‘35 g “r‘”i%?osywam reduce
overpolishing. Additionally, the rate of oxide overpolishing is bounded by the steady-
state rate and the blanket oxide polishing rate. Based on force equilibrium, the
15 pressure on the oxide will increase with the increase of dishing (less pressure will be
applied on the Cu lines) unnl a steady-state value is reached. Similarly, the Cu
polishing rate is bounded by the blanket Cu rate (as on the planar surface right at the
end-point) and the steady-state rate of the surrounding oxide (which is very close 1o
blanket oxide polishing rate except in the case of extreme high area fraction).
20
Experimental
_ The following examples are provided to illustrate the CMP method, and not
intended to limit the scope of the present invention in any way.
A Cu damascene structure was designed to study the effects of geometry on
25 metal dishing and oxide overpolishing. Figure 8 schematically shows the pattern
layout on a test wafer. The pattern on each die (10 mm x 10 mm) consists of a matrix
of 2 mm x 2 mm blocks (sub-die area). These blocks in turn consist of line-space
features, with a minimum linewidth of 0.5 pm.

Figure 9A schematically shows a CMP mask layout. Figure 9B illustrates the



of 2 mm x 2 mm bl ocks (sub-die area), These blocks in turn consist of

| i ne-space features, with a mninumlinewdth of 0.5 m Figure 9A
schematically shows a CMP mask |ayout. Figure 9B illustrates the 7 BAUKUISHS
2G5 WD 02/ 059943 PCTI US02/ 02254 21 pattern geonetry | ayout correspondi ng
to the OvP WRI&K'P¥out as illustrated in Figure 9A As s 0P/ gur es
9A-9B, the first type of features are 1:orrposed of fine Cu lines of constant
linewi dth 0.5 ' ' iAog TrOMhsk 189 du@a2Plstiked il RRSE

r epr esent thepz{r?rtégg#q}l%%ga?gﬁtncgg%%gﬁlf}%wctﬁ‘?gmpgﬁhdi nmensi on and di f?“‘g%ent
packi ng 5 den%ht wis siiven indipmes 4¢PB, b fifsetype pEiaturpslateremppatd Gdwe Cy | i nes

from0.5 mto, 100 Jim w.th.large pitech 200 m providing .| arge ci ng

bet ween adj ackie OEﬁo'ﬁsﬁf‘é\fP‘}%r‘égggé‘“ﬁB"C([:&ri?aglp‘f‘Wera"e?l?%{é9'%01fl??’?%%@aolg 'h on

di shing. For sRaL lepfddedriitOfictal itRcOhAIRIsSHACIRGalEBion #dWsEeréfipacfifeect of
Si 02 overpolishing on dishing. The third type of features includes two

constant Tu afensity. rEetseems tpedf featiesongudgs tvariqusrGoings oA 8tthte 18R H i t ches
10 designed tQ. . ects .of L. 1xd L, Shi: . i shi ng.
The 0.5 area 17 spesued A0S hERbfiaRg 3EELH 00, BN SRR N ERRUS T "D
| ayer | ayout stidibhSeffet oflinensdth By dishiapt Fasmallthelifegahewvide spadidg IIB1 ar ea
fraction represent single, jsolated |ines. Table 2 |ists _the design
features of ¢ yaucs kg Sirst ?Jfa%‘@e?‘f‘??‘ﬁ‘é@ﬁ Ph ‘ahlﬁ%o_bé‘? ‘%*Fgﬁ‘fpé fea ”ir?féPﬁ]i"g’f h (it,),
Pitch (2) andiA@asth: 2ular@FdcAdns (061 FRAWLLEAS vATbuE NBewWials al@pikched T' (M

m 241050- 100200500 0. 50. 500. 250. 1250. 050. 010. 0025 0. 70. 0035 1.00.01
2.00.5001@01 5da@naHGHTY tixsgiesgof 32bng oodisisog Tkovsaofishing. whly &7 anaf erred
onto an 1.5 t hi i i { 100 (100)
ori entati on STcess Rl bl Rty S8 A% B melal LV AR BTS2

contrast, the features with 0.01 area fraction represent single, isolated lines. Table 2

lists the design features of the various patterns described above.

Table 2: Linewidth (w), Pitch (4) and Area Fraction (4)

15 of Patterns on the Test Mask.
w o A{um)
(Hm) 1 2 4 10 50 - 100 200 500
0.5 : 050 025 0125 005 00] 0.0025
20 0.7 0.0035
1.0 0.01
2.0 0.50 0.01
5.0 0.025  0.01
25 9,59 0.125
25 100 0.50

The pattern was transferred onto an 1.5 im thick SiO, (TEOS) coating by
lithography on an 100 mm, (100) orientation silicon wafer. After oxide trenches were
etched to a depth of 1 itm, a Ta barrier layer of 26 nm thickness was deposited,

30 followed by a PVD Cu film of 1.5 Wm thickness. Figure 10 is a Scanning Electron
Micrograph (SEM) of the cross-section of the patterned wafer.

The experiments were conducted on a rotary-type polisher. The normal



.etched to a depth of | m a Ta barrier layer of 211 rimthickness was
deposited, 30 followed by a PVD Cu filmof 1.5 mthickness. Figure 10 is a
Scanning El ectron M crograph (SEM of the cross-section of the patyermnedys
waf er. The experinents were conducted on a rotary-type polisher. The nor rfaq
73 AUG ?0, 080 V@583 059943 PCT/ LTS02/ 02254 22 pressure F/GS6HeRMye
velocity were maintained at 48 kPa an® 0.7 ni's, respectively, to ensure the

waf er/pad interface in contact. The polishi i Nari. rom1l
mnute to 6 MTFEe BHEGterorhe IR it AR B MACT AR Tt A

ovet pol i shed ensip€ tHeGEFer/pk A ehtd@ck shéongres | Therppliviase donosed afiedframoll. % of

a-Al, (3 abrasives with 5 average size 30?_0 rim In contrast tﬁ tEe acidic

sol uti ons useBNpiE 1@ 6 mRLes ta Loy thepnger-p lﬁ'éﬁdsl|ué|ir}?<39151pq4{]§}%@so‘ﬁﬁ10 t%fned at 7 to
focus only on.t. s €Al t shd NGy los hG1,1400 was
used to poli %hpﬁén@g §1?§ hg%cf lﬁgg%a‘%n BSSEdQ)ggr\%?dﬁlgr?e;dmgéfﬁg?%eslc\)\lgihshi ng each
waf er. The expemgdszd M0 naondicbhteasstoahe adibic polticheseddn gohivgsteed Gud-MBbl e 3. 10

Tabl e 3: Experi nent Condi ti.ons ri mental .Parapet.ers Experi nent al

Condi ti ons Ditgﬁgl“s@ gféﬁvwwa"e% %8 C“‘Nﬁfﬁ?rﬁ'i’ thfé‘é‘?fg%’ﬂﬁal %@’ff‘ggf Nor nal

Pressure (kPablidfne Rofealddpnel1480ead ufddRbollsh thd-waRPsndBE pLdwas (m's) 0. 70
Duration (mn) 1g6 Sliding Distance ( 42 - 252 20 S urrgl Fl ow Rate

(m /mn) 150 copditiensidpefoze polisitigg cabreaséry d bepwperimenipl gogitiopspizhopelshe profil es
of the patter f. different polishing tinmes were nmeasured by stylus
profi l orretryagen%?%l;}gigglr@ngb Force M croscope (AFM for coarse and fine
featureslp Fromthis data, thdaableMiBtpenignemad Caidétioisned by neasuring the
amount of recess on the Cu lines relative to the oxide surface after the Cu
coating on the oxide —was cleared The oxide overpalishing was detern ned by
measuring the remaini ’r}g\.j,ggmgéq?ﬁ%{gﬁgtgrgnesgxpeﬁg{en@p@&%aﬂigrgat ures, the oxide

t hi ckness was neasur eg—a++ectty—by

Diameter of Wafer (mm) 100
Normal Load (N) 3%l

15 Normal Pressure (kPa) 48
Rotational Speed (rpm) 75
Linear Velocity (m/s) 0.70
Duration (min) 1-6
Shiding Distance (m) 42 - 232

20 Slurry Flow Rate (ml/min) 150
Abrasive o-AlLO,
Abrasive Size (nm) 300
pH 7

25 The profiles of the pattern surface at different polishing times were measured

by stylus profilometry and by Atomic Force Microscope (AFM) for coarse and fine
features. From this data, the Cu dishing was determined by measuring the amount of
recess on the Cu lines relative to the oxide surface after the Cu coating on the oxide
was cleared. The oxide overpolishing was determined by measuring the remaining
30 oxide thickness. For coarse features, the oxide thickness was measured directly by
ellipsometry. For fine features which were less than 20 pim wide, a reference oxide

thickness was measured by ellipsometry on the 400 im wide oxide spacing between



el lipsometry. For fine features which were |ess than 20 mw de, a reference
oxi de thickness was neasured by ellipsonetry on the 400 .Lm w de oxi de
spaci ng between 2 3 AUG 2006 WO 021059943 PCT/ US02102254 23 sub- dijepts 2045
bl ocks- The thickness of the oxide features was determ ned by relating the
surface pr&a2e59m3i de the sub-die block to these refereRCe&USHPACEHg. Al the
measurenments were carried out at the Benter of the sub-die block of the
center die to m'_nim'ze_the_effecIé of  spati al |at|oﬁ[i1§ waf er - scal e
pol i shi ng norfubrdiertdeaks Jhe bickpess P é“’- PAIAE feajupes ‘?aéadS}SPP%‘s M“-‘E"}“Bé F¥phs
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with polishing ti i gure lustrates the unpollshed scratch-free
hi gh featur esndalsuatma:ﬂsmbmcghtedmnt zttlﬂ@ aopter efthe mbedlbgkoalphfidmeemqrdietthe hi gh

refl ectance of. Cu. \ urfaces appear dark
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reflected. 10 Fi g@icirds 11R- ﬂ@%‘f@oﬂtf&@ﬁml@fdgﬁhrphi MSti’ﬂtﬂﬂgﬁi&Se\ﬁfunmbﬁﬁhl ng, the
surface of high features is ru:g ened. However, the surface of the | ow area

still renmi nyatigre sudaees Gﬁzﬁw@ AREATAOG M VERPEIBING iiNife J8YTE § b Uik teh
i ndicates thaf. {6838, sgﬁgc?bfge%thl Of.@ﬁtﬂﬁ:g tlﬁhﬁ'e LA BR-o tlgdlgﬁ&grrtja i fueShows

that after three'mnu e surfaces o hfg and | ow
f eat ures ar e ¢ dig@ivhnrefleczande bHEu. b'ﬂwndzdlslbefs\ che thatégh dndéovhsgiacesappbayw f eat ur es

15 becone less distin This.is becaus decr eases
and the shar ﬂarkéﬁ&Esb’%#t‘ﬁgam‘ﬁﬂﬂat}o&ﬂ“%EFP?J’P‘E@@P%‘HF'HEHEQB ﬂfﬁ‘&‘\s efore, the
pad is i Corrﬁﬁﬁéxmmamla%ahaftérh@om hesTdoligimd BRLUFRS ANGL Feklesur f aces are
pol i shed. Figutre | D shows that after three minutes and 30 seconds, the

boundari es bé@tﬁh@lqdnéﬁos*ﬁ erguie serftse ef the v aree ptill esiaijisthesamssnicrosnicsties and
the Cu surf aq- n! t%e gﬁ%@?&ﬁt%ﬁd\v £ K Greb nlaPrg E}}Q&‘ﬁ%e% gt oo g{‘thgﬂqﬁ\t ﬂFepr OCEssS

al nost hits t {4t Lhree mnutes secon

reflective b&rqurcerlct shpes thikaafdralirts mirnita pfpalishink] feswrfated & oliovigh 4rthlat af t er
thirty nore onds of polishin he barrier r .is .cleared and the
under | yi ng o%?‘blgea%&‘ﬁ&é%ﬁgaheﬁiegﬂ?dghi{’?‘ﬁd%’ﬁédﬁ*“&?e’hﬁ%ﬁ“%’aﬁ”ﬂgﬁ’“ g")?f“éﬁ? surface
after fijpge MpBdERIessididheattiab@. ttAatis bddduse T dr@yRigHt JeROdskshHadhahlp The Cu
lines are distinct because the reflectance of oxide is 25 nuch Iess t han

that of Cu. FiggapEhighandloy fgatussh aielrpusled. alhanefoer bs padisdn roriaat Wphbpihl es of

the pattern ‘Eia‘érﬂléhgqf dtlgkg[fe?: lﬁés"gn'd%gﬁ!%tﬁ?ce%'a%g)a ishell! MG (G &o@@ﬂn f?f?erm pitch).

At the begi nning’ I ng, tures were renove aster than
t he | ow f eat Uresmimues afd 3sectoidg, thslmmﬁhtm betmensindfacmishablsohe tdpe sharp

corners et e LZHNNES L DL 3RS, eeauts, o 23, he Phsgau s Gqagent rati on
20 the process almost hits the end-point at three minutes and 30 seconds, the less
reflective barrier layer Ta starts to appear. Figure 11E shows that after thirty more
seconds of polishing, the barrier layer is cleared and the underlying oxide exposed.
Figure 11F shows a much darker oxide surface after five minutes, indicating that the
Ta layer is polished off. The Cu lines are distinct because the reflectance of oxide is
25 much less than that of Cu.

Figure 12 is a graph illustrating cross-sectional profiles of the pattern during
the evolution with time (5 {m linewidth and 200 m pitch). At the beginning of
polishing, the high features were removed faster than the low features, which quickly
smoothed the surface. Also, the sharp corners were rounded in this period because of

30 the pressure concentration at the edge. The material removal rate in the planarization

stage was about 500 nm/min for this feature and about twice the blanket rate aithough



stage was about 500 nmimin for this feature and about tw ce the bl anket rate
al though 7 J AUG Hus WO 02/ 059943 PCT[ US02/ 02254 24 0.025 area fraction of
the high features Nvas very-close to blanket surface. One expl andtliiif Hgr
this was that the trenches on the surface iniproNed the local slurry
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pressure di st fuihech fEHERk VR Rt Wil FREREs oK -thdWubkRed ingreted kigdecanasT$ moot hed
out. Finally, both material renoval rates were close to the blanket Cu

pol i shi ng r at dispanbinghMeeesveibtha breag0e pitarh sub-disdnighieros by pbenygestoghainar i zed.
Then the Cu s rfacE 1% rerra&ﬁoelgnitflat until the process end-point reached,

whi ch was conSFdtEhfuraee SHBMT™Y Fig. | | C After passing the end-point,
whi ch Nvas bet weenagthas@pheidhtietvesn e leglCehd 16w fdatured daeeases)ae tadridi shin- and
t he amount of dishincy increased with overg}ol i shi ngili nme. _g}e. oxi de was

pol i shed t oo, remeralgategn hethighngatMres eriesched it ¢fibe lodrteatyes. BYS infifaie&f ore, the
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trend of pattern e I on on the smallest eatures, 1.e _ m Cu |i nes.
Fi gure 13A ar eutAFia!lg bvothi mgenad raintayvs! et tvensclevettithe®laaketriad pohielwngltate and

different pitches (1,, 2 and .200, ~i af ter far m.nut es . 30 seconds
Whi ch . apoutPER sk B e St G piaEe TR Kol EN B ror 5
m nut es. 1¢-i OUfefzined 86t vkaDR hRocBs@RBpoint fedsiiel AL hitl whieorSiofehBl ehdtoii | es of
various 20 patterns after ( for 3 mnutes 30 seconds. and for 5

m nut es' r espekbigi 1] yAfteappssing ihe epdarpintyvhighe wes bivesd 2and AIPEHERIHeEF ust before
O sur f aces. oS SorLE s A o bh A HeRa ki, SRR SRR e Oind e SoTt
over pol i shi nggxidh & podysied cer, butana rdiem@ch $loweshanvhatol sefppeaitbereiar; Khei n t he
AFM due to its | ow Bosip;l%iﬁgﬂ%r el ative to the surroundi ng oxide surface. For

25 features wfR IR0 ‘YP3%%r hi gher Cu area fraction, A - 0.5 and

0.25), tie anmountrig@fresdizahiTYshRs alsefitar tlRadoSRtem blugon o e pAkIighi ng. 1 n
conparison, dishing 1 if ¢ was very s: gn icant which was about 200 nm for

the isol ated feptHesfigal-aimbt Hngodigurc 13 trer EMG gieiiecanous RURRE ighal so
occurred at tde,GHERSIRH 2K 4iferehitchddQ1) 5913k 980 [1hf) SrrerTVIY Bl Bifutes

30 seconds which is about the process end-point. Figure 13B are AFMs after CMP for
5 minutes. Figures 13C-13D are graphs illustrating the surface profiles of various

20 patterns after CMP for 3 minutes 30 seconds and for 5 minutes respectively. All
surfaces in the figures are planarized just before the end-point. A few shallow
scratches due to particle abrasion of the soft Cu surfaces are evident in Figures 13A
and 13B. In the case of overpolishing, dishing occurs on the Cu lines, which appears
dark in the AFM due to its low position relative to the surrounding oxide surface. For

25 features with 4 =1 and 2 ptm (or higher Cu area fraction, A;= 0.5 and 0.25), the

' amount of dishing was less than 30 nm after overpolishing. In comparison, dishing

was very significant which was about 200 nm for the isolated line feature with 200 pm
pitch. Significant rounding also occurred at the edges of oxide for the isolated line
structures.

30 Table 4 lists the amount of dishing at different durations for structures on the

center die of the test wafer. Before 3 minutes, when the surface is still covered with a



30 Table 4 lists the anount of dishing at different durations for structures

oil the center die of the test wafer. Before 3 mnutes, when the surface is

still covered with a 2 3 AUG 2005 WD 02/ 059943 PCT/ US02/ 02254 25 tﬂgl@blmﬁer

of Cu, dishing does not initiate. The onset of dishing depends on the

pattern gSBRBYY43char act eri zed by the |inew dth and t hePCavEsa2énact i on of
Cu (or the pitch). Froman earlier observation, dishing initiates at the
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Table 4: Experimental Results of Dishing Evelution

Pitch, {Linewidth, | w/4 Amount of Dishing at Different Rate of | Nonmalized
15 A w Duration {(nm) : Dishing { Rate of
(Bm) | (pm) 3min{3.5 min| 4 min | 5 min | 6 min |{(nn/min} | Dishing
1 0.5 0.50 0 0 0 266 | 18.5 9.3 0.04
2 0.5 0.25 0 0 0 27.5 { 71.3 35.7 0.17
4 0.5 0.125 0 6.4 | 276 [ 364 | 92.1 27.7 0.13
2.0 0.50 0 26.7 | 13.6 | 30.8 | 34.2 9.4 0.04
20 10 0.5 0.05 0 123 | 345 ] 42,0 [1540] 46.7 0.22
50 0.5 0.0% 0 0 0 112.4 | 228.2 114.1 0.54
25.0 0.50 0 150.0 {1200 | 113.0 [ 1435 | 28.8 0.14
100 1.0 0.01 0 653 | 165 | 158.0 | 267.1 81.5 0.42
200 0.5 0.00251 0 0 0 2157 1 284.5 142.5 0.68
0.7 0.0035] 0 ] 0 254.7 | 3595 179.8 0.86
20 0.01 0 127.6 |1 200.0 | 273.4 } 395.7 | 121.0 0.58
5.0 (.025 ] 225.0 11233 | 5463 | 7865 | 259.1 1.23
25.0 0.125 0 183.5 1400.0 | 628.3 | 705.0 | 236.5 1.13
100.0 0.5 0 | 2000 {215.0 | 364.5 | 4455 1359 0.65
500 5.0 0.01 0| 243.8 1398.0 1 8475 | 8785 | 2923 1.39

25

Figure 14 illustrates the effects of linewidth on dishing for 0.5 area fraction
features, which is close to the present circuit design. For small linewidth features such

as 0.5, 1 or even 25 Um lines, the amount of dishing leveled off after a short peried of
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not deform sufficiently into the small trenches. For instance, for a

pattern with BREMIN. | i newi dth and nodest area fraction such as the 0.5 nm
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al nost negl ected conpare roughness was expected that the
anount of di skurmgnalmgbmbmmmmpwdabépoltsbmgloéﬁsmﬁubﬁespéfdhepelﬁ élplnabck:ﬁcarmt and t he
i ndentation de {7@ the tlI eti na chem reactlg \ﬂ,ﬁ‘]s (ﬁgo

Based on expet* Fﬂt}r'@é’dll‘ nallityrac eﬁdg?ftlgstt?”(ﬁﬁ E?)Pﬁte\ﬁb‘é“ B8t NGB 20 nm
for 300 nmAl arﬁin@&égzaaséa\/@acﬁ&n ARF BRdhe OFine BN Ith QNS 0.5 T b&d @ERaceklb@ Maxi mum
di shing was expected to be about 20 nm which agreed wi th the neasurenents.

20 When the Q¥'qlprevazagowti0ds nerandgimesh seghertedecpsippipd do ik @rdrecdehiicsh 1t he di shed
Cu surfag a“@a@&pledtié_ggtglb’t%é %@P&@é&%@&b?ﬁ&ﬁ Q%bl@{b%%ln%f pyrfaces as on

the bl anket wafe exanpl e deforned i'nto the di shed
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for 300 nm Al,Q, abrasive at normal CMP conditions. Therefore, the maximum
dishing was expected to be about 20 nm, which agreed with the measurements.

20 When the Cu line was wide enough the pad easily conformed with the dished
Cu surface and applied uniform pressure on both Cu and oxide surfaces as on the
blanket wafer. For example, at 100 gm, the pad deformed into the dished area without
the constraint of surrounding o_xide‘ Consider even a large amount of dishing
occurred, such as 300 - 400 nm in 100 pm lines (with the consideration oI: pad

25 deformation, pad roughness and particle size), the ratio of dishing to linewidth was
still very small, about 0.004. For such a small difference of strain between Cu and
oxide contact regions, the normal pressure was assumed uniform, i.e. pq, ~ pou, = 7 -
Hence, the dishing rate was close to the blanket Cu polishing rate, about 220 nm/min.
Moreover, for a design with Cu depth of 1 m, more than 40% of Cu was lost due to

30 dishing i the worst case.

Figure 15 illustrates the effects of linewidth on the dishing behavior of isolated
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di shing st ayegadion kOWidgg¥mh 0.0 &50.5,MBEra&S on Bishiay @Brevlitdlost W@thebRuke
over polishing. 15 Fi ure 17 illustrates the conparison of the present

i nvention usi wgdgRrabskiag ratyIurvwalamﬂwt\ﬁél%ﬁf\e@t&rrtthwengﬂb%w “af-C¢heni cal
slun-y (Park &E%ﬁ!,%m%ﬁao Vel GALWNIER! 1eW thga}%éna&%ﬁmwg eIt 0S

apparent that t shi ng ‘behavi or was not fected by the presence of
chemi cal s i n ¢deepobklung.y, whi ch was about | ess than 25 m I n both

ts, dishi t ft i shi
For about>20 1 m e TFONGvEr o SRS e B SaRaEr kB oo,

di shing rate s@asy andeBéigest akyusing @p@neytidl ahdntitdl RBinyIRark letdlr, Y oghloamdhughiem stry.
The di shing ampunt was reduced by heﬁlf from450 nmto 230 nmafter 3
m nutes of ovEihBPAEAifTgtioEEls apwmé 12 g s hpg bebryigsrvag mat afeRige ay the

over pol i shi ngyredh&fRfekRSls fmygl% bynigh if\§§§b‘8[1t 10ds tﬁanﬁfs iP¥. Hdipg chemi cal

slurry. These results suggested that the effect of chemstry on dishing. 25
depended on t$reerasyils dshwe rokhesdbhsnieskdypstateiloiebalth pagpashing e abavie
chem cal 20 1 minute. However, for a wide Cu ares, for example 100 um, dishing rate was
reduced by properly tailoring the slurry pH and chemistry. The dishing amount was
reduced by half from 450 nm to 230 nm after 3 minutes of overpolishing. Even for a
short period of one minute overpolishing, dishing was reduced by a factor of 0.65 by
using chemical slurry. These results suggested that the effect of chemistry on dishing.
25 depended on the assistance of mechanical particle abrasion. The pure chemical
etching was not very significant in the Cu polishing process. For small lines, the
material removal due to particle abrasion decreased with the increase of dishing
because of the decrease of load on the particle. Thus the chemical effect of altering the
hardness of surface material was not significant to the reduction of Cu dishing rate.

30 On the contrary, the pressure distribution was a lot more uniform and did not change

much with the increase of dishing because the pad conformed with dished surfaces.



etching was not very significant in the Cu polishing process. For snall
lines, the material renoval due to particle abrasion decreased W%E thﬁn

i ncrease of dishing because of the decrease of |oad on the partic At O
the chem cal effect of altering the hardness of surface material was not
signi ficantw@ e/ aspd3r educti on of Cu dishing rate. 30 On tHEEEEOHMIRE y, the
pressure distribution was a |ot nore #hiformand did not change nmuch with

t he i ncrease of dishing because the pad confornmed with dished surfaces. 2 3
AUG 2005 WO 0Plhesiodergarieusorfage pppertioubyTHigs € ap Fianse iedtts obfisipnf ace

properties bysf%ﬂg{}%%ﬁﬁfésug‘?gﬁﬁggﬂ%g{ﬁe%ﬂrk@‘t‘eafgff- dishing, simlar to the

results observe er. Figure 18 illustrates the anmount of
oxi de over pol i shi rgjguren 8 Utstrdtes thohmsinit nfoxidé overfobishicpnatanbe pdlnkbwgdt b of 0.5

gm and various area fraction i_de over pol i shi . 5 started when the Cu
l'ayer was pol ¥8h&d CP’I‘FF’(S‘&BW“"%iogﬁ'z’d’é‘b@’?‘Fﬁ‘@g‘_oBﬁarfﬁggﬁ'é’BﬁE{)?W 8*61%@5{’]18_%. In
this cases i tgyanhafnffam BydividbeSshb@tifolBhMWhies defendd dnsthé Rdbnfedt odi f f er ent
patterns on the die. The aniount of overpdlishing increased Nvit

over pol i shi ngpattemme In thig castidvaded fram 3trhisuiey tr poirusssiofgolishing fprdifferasted with
pattern area f_ractiagn.,Forsnall e racti.on h.: . 15905, and 0.
125, the rat & m%\?’é&ﬁ'o s enaéno\h'/%tsoa}éi‘%P{)lz]f?i?na"r%gcri%gﬁrggé\%89'33 H]é]“‘rna e of

bl anket oxi delt pi@viedhlian the dverpohshra radetittréadédyeith pateen dreathdtion. Socdmatls 0. 25 and
0.5, the rate of overpolishing increased with grea &;régcti on., Fjcure 19

d
i |lustrates t#e Bhpariclanf Ohet-toend &A2) (S réﬁl"?ﬁﬁﬁp EEMNYREATHIT B %sul ts for

the effegd of kT AEbE MBMIRNLAERdIREIRg OF orO¥&I PRt a8k RGa RN A | 1 ne
represents the analytical results of Equation (24) wth bl anket polishing of

Cu and 15 o x0-Yearst0.R 7R rawcf peerpelisbimg incrdaged witlsdroNfractiont hat t he experi nent al
results agreed Nvith the. nodel well .es iall hen, t he_ar. action was
| ess than 0.25. ForsHf glrusqag?setge C(}n}ﬁég (fng%g#\ﬁeﬁ%gﬁl\.{\gfcalt%]g e?‘get”g?e\lﬁ/g‘g hi gher

t han that preadiue s thyeffdscoimpgdtactidn OGS kit of ovexfolisiiing.i The Jobid likdhi S

di screpancy was that the sluyrry transferred nore efficjently at the
interface on r&”&%ﬁ%"éhep%ﬂa%‘fsﬂ r""a‘%‘/’lé%l" A Bith BBkt RREVMEGEL US| ess dense

area. Thg 20 gdi®khed7 hd BRTERS Ik MRAQVEGaL M8 cktinichal festialeReolviRiLr i al
renoval of Cu and oxide and thus increased the rate of ovcrpolishincy,

Fi gures 20 armedzlwell.jcspecially sheretigareifirelign wii ldw teanct-pol Foshigher ¢2 var i ous
00 1. i gur dEt i ECTS 4 ARN A rth SRNRHARRA B0 AR A ABPSEE, cpend on
t he |inew dt kexplanatehntférahis Axcepaicl was tHaathgivayeansftaal mor.efficentihat hase of
area fracti OQntgffane o%qedelr'ls?etp%ttgrfn a?e\é?}ga%? uit%Q iaril:;?ankeot area or less dense area. The
20 dished Cu recesses improved the intrinsic rates of material removal of Cu and oxide -
and thus increased the rate of overpolishing.
Figures 20 and 21 illustrate respectively oxide overpolishing of various
patterns with different linewidths and constant area fractions of 0.5 and 0.01. Figures
20 and 21 show that overpolishing did not strongly depend on the linewidth for either
25 small or large area fraction. In the case of area fraction 0.5, the rate of overpolishing
was about 100 nm/min for linewidths ranging from 0.5 to 100 nm. For smaller area
fraction of 0.01, which modeled the area with isolated interconnects on the surface, the
oxide overpolishing rate was very close to the blanket rate of oxide polishing, for
linewidths ranging from 0.5 to 5 nm. This implied that scaling did not change the
30 pressure distribution on both Cu and oxide very significantly. The pressure

distribution on the surface during overpolishing stage essentially was affected by the



was about 100 nmirnin for linewdths ranging fromO0.5 to 100 nm For snaller
area fraction of 0.01, which nodeled the area with isol ated intercpg@%:tz@
on the surface, the oxide overpolishing rate was very close to the Iankéé
rate of oxide polishing, for linewidths ranging fromO0.5 to 5 nm This

i nplied thA¥O8¥¥P3g did not change the 30 pressure di st rBQEYR2HM both Cu
and oxide very significantly. The pressure distribution on the surface
during overpolishing stage ess.er?jtial I%’{7 was affected b -aEQ;‘%‘ 0 2 3 .AUG 2+0G5
WO 02/ 059943 Pesfrentivnophypghus wag b5pRIse Fé&"tff‘%fd“?}ﬁ’i‘%j}’e WS RETEER AR e t he
aver age mat er paly & ARV Alsh ALFbAHE @RRle BvaPRishHigGarl CRcNVASuAREéNdeE bed by the
oxi de overpolishing rate, which in turn depenged on the area fraction of
pattern. Thi sthalkse feuggesipeternhhistlye sygeestedithet HE sressptdisolum wgemh sub-die
area was sim|lar,.and close.to the ayerage pressure | i ] waf er and
5 verified t h&PaUSHBIPOHTUALIGY LR E:l}/ontrhf: %‘éerg erqr?sélfrgta ﬁ]ggerd fﬁg]éegg ?%Jr]la%dFi gures 20

and 21 al so shgwiet fiatastunehtion ieARlo¥EInNDE éxshdrngeotpicetivas smal ler at the early
stage of overpolishing before the steady-state regli_me. This is f]expl ai ned by
1

the variation of prewsusandZalsohey gt B BEERVER Sélpgdﬁ@ ksl gt f ace
during  Over pklaly fike of ACeBEIRARUTEIOAARe dedl LB TEAUNTHOKEaRR Bt h Cu and

oxi de surface. s drshed and the surface nonunifornlity

i ncreased, t hiepedsiounépsssutddistthuticdenrbetistbe Coeudaside siriacpdeingas sl i ghtly
deformed into the di.sh area and rel gx, stresses on.the contacting surface.
Based on for c%"e&ftlj'?]i“f'%r TESHE "Yaégtflrglr‘i’tetdﬁlé"fgﬁ HQH%PWc¢ue ?é’él‘%r‘?ﬁrf‘i’%m t he
MRR i ncr g@sedsipd Ch whe@shtdngd theStadhorali teminy e rdRR, ok pré3xirélen W Tubounded
by the steady-state rate given by Equation (24) and by the bl anket 15 rate

(at the stagedsffrasrditeavsethe ged vapdighl uAepymed ipfothe dprd afardrade two '
I nportant pr gﬁﬁe&%s BEEHE:CE& | nltgs.;ue@%cteh'BQste o\%\l}'ﬂfﬁgﬁ% ﬁg%riﬁrﬁ,r{ﬁé 13L8y i olfak er connect

thi ckness and I1ts w e-uniformty I represents the variation

of the surf acecteeypdgndibhythe MRR ireneiadi ungjl @aching zkinslysvabe. dhyMBgoeiht at a
of the

random y chosen,.point k.i.n the j-th sub-die region.of e..-th die
waf er 20 cano“lﬂ%ep‘&?g)lp@’%%eg:} ya@? sﬂ%ﬁly':sﬁ?e, rate given by 'qt“f‘t)’°”+(§j£{})ndwbl} ﬁlfe\]lﬂqa'?‘f%) wher e
ho is thesi nifaieqht tlesh@neitkntthd akmessaladale Cu i nterconnect which is the
same as the depth of the oxide trench, E, t he mean of oxide overpolishing
on a specific dielpCu(@IP, there g tyaymeRTadhPIGf st FRAUHABEMSE VBRingdigaes:
over pol i shi ngefbRRAPhtekddfnctt i Hnss 3hE s dvithin-dic uniformity which also

represents the variation of the surface topography. The remaining Cu thickness at any

point at a randomly chosen point & in the j-th sub-die region of the i-th die of the wafer

20 can be expressed as
e = hy = (; + S50y + 650y + Tapy) (26)

where %, is the initial designed thickness of the Cu interconnect which is the same as
the depth of the oxide trench, tz; the mean of oxide overpolishing on 2 specific die 7,
é}m the deviation of the amount of oxide overpolishing from L, on the sub-die area j

25 (with the same pattern geometry) on the die i. Therefore, the amount of Cu loss due to
overpolishing is the sum of 14, and £, Also in Equation (26), &, is the amount of
dishing on the sub-die area j on the die 7, and r,;, the random error at a specific point &
in the sub-die area j on the die /. The random error for each observation in the sub-die
area 15 estimated by randomly choosing n replicates of Cu interconnect thickness. Ifa

30 specific sub-die with repeat features is larger enough, i.e., the different pattern of a

neighboring sub-die will not affect the pressure distribution and slurry flow in most of



25 (with the same pattern geonetry) on the die i. Therefore t he amount of
Cu |l oss due to overpolishing is the sumof ft; and ~j,;j. Also in fgbl@itmg
(26), 6.,0 is the amount of dishing on the sub-di e areaj onthe%j nd
t he randomerror at a specific point k in the sub-die area j on the die i.
The randomY¥? P59%%r each observation in the sub-die ar @£ TEEERMAt ed by
randonly choosing n replicates of Cu %t er connect thickness. If a 30

speci fi c sub- giegumidichrdaid@MndbBatidf Rpresentd @e geor fonnughsurémen and bkerdi f f er ent
pattern of a nei ghborln sub-die will not affect the pressure distribution

and slurry fl| 6Rdem faptass. Bauapom(2Alis prodentNohe 511658 91eechESINRT §9U5% 30 t he
sub-di e area, sents the error form neasurenent and
PR OABE BhieBhe=rTl e

other randonf ati1'on hel ps identify the effects of each
geonetry or pr ocesls: orgeatumitieizs tedlu lpsspeabsanglé on lilatriObhsidd of Hopuetem to

m nimze {he | os each va ble on the right side.of Euat

nust be n ni n&?éﬁmst t”H“WB%Fﬁi %95@"\?53? pndvagiancey, d D igAn 8?0 @5%}3}*% i Shl ng
;. is affecteg Rwrkheq Q)Vﬁfe%&%a@t@ir@@frﬁdt@ﬁTah@fhcﬁé@@%s|\ﬂﬁlrcﬂ@ﬁﬁ§sliﬁ\ﬁ& fime.

over pol i shing tinme. And its variance across a wafer increases with the

i ncreased wi t Anpditswedriancarsrass AT insreasasividrthe ingreasadivamin-safspelishinged by t he
global (wafer,scal %}rp t)?(%vhlch :sé e "Yﬁé &l é:ﬁg\qi%g)gga?eﬁtfac?&pgjch gns, slurry

di spensi ng and pad fness. T'n prac i cey average area fraction is
limted to O. @afeﬂpﬁlcﬁnamcbodmasnsnﬂhlryaisyedsmg andipdd dtiffessi ﬂibantideo:hepr oduct S.

Thus, mnimzation of A reli on_the reduction of w.thjn-
pol i shi nif nor@§eF arAfRGtiags i f‘f‘i‘&g‘}) M%H&ﬁ’i‘i%ﬁi‘?{g’af}’ tﬁ‘é“}”éﬁfﬂrrsg’&f]a\évg renove

the excess QuodlerdifHug eRimiiRa o?meh@s mﬂy%zz@redmm%%ﬁ%%f&y Equati on
(26), the rate of overpolishing, 1/ 6, due'to the 15 local pattern |ayout

in the sub- digelishiegnosudiérmitisoddt hy ovdieolisbing tiswarduicH éntemocs thgresgess

fraction, an e and oxide. The arrangenment of the
sub-di e ar eadcé gke{j&{}}l o%qf%cﬁréuaﬂgﬁ’tugprescrl bed by the circuit designers and

cannot be changed.Adsnggosttdiby Bqoativni26)i te rithef @fefreditiangf zpat tduemo thecal | ayout
on overpolishing, c; |I a nust be adjusted to be as |ow as possible and/or
| ess senBi ti Viecal patteimelayowan thgeebféltemyeavaﬁqtamnmd tyrthegearitecicat Cpereashi ng

stage (or af tfﬁﬁc{ hn Gnd ﬂwel\‘;[ I é‘ﬁs. H(au %% TIT grr'm\éemglﬂ o]{ ﬁ{é's[?@ dlre%trg

decreases wt € wear n one e resent

i nventi on, scﬁetcnoxahmﬁamyq)r@arrﬁddcﬂyeﬁe @fcait degikmeyehdicannidd be bhanbed. harbd:reess of

t he abraswe is.clgse to ILD  oxi de but still higher than_that of Cu. Hence
| ess over pol |t§ﬁ?"|‘1‘@"ﬁ‘h? e%‘?f&ﬂfpé%“éﬁ qua IRyt o Q¥TRIBISNER g F iMtRET Por ¢l eani ng

up all the X isedQJbe as Iow a S&E‘mP and F1Ré sne'raxsune tothe focaGI geometry variation in

20 the final polishing stage (or after the onset of overpolishing). The overpolishing rate
decreases with the wear coefficient. In one embodiment of the present invention, soft
abrasive particles are employed in which the hardness of the abrasive is close to ILD
oxide but still higher than that of Cu. Hence less overpolishing will occur even if the
overpolishing time for cleaning up all the excess Cu still remains the same. In another

25 embodiment, the hardness of Cu is increased and/or the oxide hardness is reduced
(essentially reducing the ratio of Cu MRR to oxide MRR, or the so-called selectivity)
by tailoring the slurry pH and chemistry. This will reduce the sensitivity to area
fraction variation on the variation of overpolishing rate (or the variation of the
“relative hardness” across different sub-dies). Reducing the oxide hardness by

30 increasing sturry pH (but not too high to retard the Cu removal) is better than

increasing the Cu hardness because the overpolishing time will not increase.



25 enbodi nent, the hardness of Cu is increased and/or the oxide hardness is
reduced (essentially reducing the ratio of Cu MRR to oxide MRR, or Qﬁ G
so-called selectivity) by tailoring the slurry pH and chem stry. T?ﬁl V\%
reduce the sensitivity to area fraction variation on the variation of

over pol i shi¥g &3 (or the variation of the "relative hal@HE¥30225¢r 0ss

di fferent sub-dies). Reducing the oxid® hardness by 30 increasing slurry pH
(but not too h to retard the Cu ett i.n reasmgthe
G- har dnese beleRIE THEsrar JEr R Tevigef rositd et B Re SRELEA0 " 050

02/ 059943 PCELQ@%Q?&@%UCB%@\&@;H an end-poi nt detection scheme shoul d
be adopted because the oxide is overpolished at a much faster rate. The
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bl anket rate an ENSItTVE tD th ry chemstr
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desi gns. Howe¥ ?Cs? QF&% %eIP%r"d'%EOFFB’t‘%’IS “5&65‘ FIQficyBe  hower

transm ssion Lid§ure éip(:'ummgﬁswlﬁﬁve\gﬂ ?&'s&ge & ghs '\ﬁthcz:' 1928 nieal E)Q@Br Wide bl anket
|

polishing. In these cases shing results in Cu |l oss and surface
non- uni f or m tyo\\'¢rttransn1$$)ombnﬁesﬁh}q0 W Wite dishoe rathés %@lﬁ‘gthgt inbdrakeis of t he

pad to reduce t.h a ndent at | | t urry to
retard Cu pol P%l ngg ?n {hgsebcafes él&%gg?lﬁégecgggngx?% é%dlémg’\?@rﬁ% t|Js hi ng
rate. meoadvaéue&g@teﬁndr&mee G ool B atbdolus bivke padwesduct tegntlimlBntatod, bat it is

based on contact node| for the[\ first %@P q pl anari zi g‘g and oI| h| ng the
upper porti on'OfRIeE? shghtiypesig slyrgy toreta Bols ‘é‘&d@fﬁ piay %’&Eﬁe Sf“'(‘ﬁrt the
second step of)\gg@g\acl,pdj;ﬁh%p‘ge and oxi de overpolishing. Accordingly, process
conditions can be selected for the first step to quickly planarize and

pol i sh the initi al Oncogstygntagenf tlef CHErmaeshes gfdba prpsest inadntian ef tﬁ@f ifisdased0. 01 to

0.5) Lo reachoplaRal . SHHASEe oA Ll oG RURL ARLL AR DARNLBLANRL S, Lhe

remai ning Cu I's renove pBIl e, and the
surface 28 varmieat lage, afmdlal steraéyrman: raodel forpi&rstcmzﬁ stepef Gigtal sasmgmmmaet hrough in

sone sub-die ar eas é hg Cu is cl ared he sur nonuni formty
i ncreases becfERy léli“”%h SHPOGHETY 1“i°§?1?a|’?3’e Selqﬁge ITEtSHPdO nodel  of

the second St@cﬂcléf'ﬁl@ﬁﬂlz@gn& &lish%ﬁhﬁi%%}:ogrkﬂh‘{r%’ﬂrhms@E@{hﬁ@ﬁraﬂonﬁ?%%n' smto
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over pol i shi ng9- 0Bkl teeasek penaviunlacet AfichBwistrfereihgs h@@nlpﬂﬁﬁémﬂdn@e 25
geonet ri cal p&%moe(fu fs Umbled Rt N 8% tb Blalid: bBESing GRSadd s brald N the

di shing rate Is
20 variation will remain until part of the Cu is polished through in some sub-die areas.

After the Cu is cleared, the surface nonuniformity increases because of dishing and
overpolishing. The steady-state model of the second step according to the present
invention provides a mechanism to optimize process conditions to reduce metal
dishing and oxide overpolishing. Experiments show that linewidth is an important

25 geometrical parameter for dishing. For thin lines, less than 1 pm, the dishing rate is
close to oxide blanket rate and might reach a steady-state profile after a short period of
overpolishing. For wider lines, about 50 to 100 pum, the Cu is dished at a rate close to
the blanket rate. Compared with the prior art, the slurry pH and cheimicals do not
increase the amount or rate of dishing for small lines, but might retard the dishing of

30 wider lines. This implies that the load distribution due to the deformation of the pad

and mechanical action of the particles play an important role in Cu dishing, especially



cl ose to oxide blanket rate and m ght reach a steady-state profile after a
short period of overpolishing. For wider |ines, about 50 to 100 ugp, the Cu
is dished at a rate close to the blanket rate. Conpared with the é)i}irﬂ"é@ IEft
the slurry n hem cals do not increase the anmount or_ rate of dishing
for small I&@@Sg%it mght retard the dishing of 30 wi de PO {UF8x02258, 5
inplies that the |load distribution du¥ to the deformation of the pad and

mechani cal aci] hs.:pakrtd : I r I8 i L shing,
capoct ai 1y 7 5 A0 st O 0Eb b SEaR kR o508, 48 Rel SR B s
Oxi de over pollinstidiy Kepomess sometharovpmoliging medas f staadyi-oate g affeess on

| i newi dt h. ExFeri megit srhshow tagat N, rigol L\Sf@i"n d eaﬁhﬁ% g st ead t-state rate
after a shorfopBFiofy TheREdralgiAay AYEPPUTNGE ISRFEPHE PP LKi%RBFTE dependent
on the appar eatdnefRand aRSSriaddwkfiRobMitichR S Cu\We@bxig@ ek fietinR itk Sis6khdw and

oxi de. Experinments also show 5 that for a pattern with large fraction, the
over pol i $hi nghat &ré nadgmividrlege Saginethe REHPOHhEE rife 8HY dRERsHYotefbampdel due

to the inpro : I I | i.shi ng does
ot depend ony PRI AR i Ha BRERRY o R e LS e o,
t he wi t hi n- disscaovanpnlisbingdoes nat ddpembomlinevadth sighificenttyo whinethedevipodcaighi ng  but

not dishing if.g large varjatjon area fraction is shown on pattern | ayout.
10 The preseﬁ{‘”%@ﬁf’wgtt%&“ U “b'éo“_l'ig‘g%lmc'té’ ‘Hh)?i"ah‘?@é“ﬁ}“? E-’rfg?/%\%rf? FRINGNd " reduce
surface nonuphf Hlshi{lFﬁlﬁbelaﬁg@vﬁ#’iaiﬁh!ﬁ&_aQQQti&Viel’st Shbdd@m IR present et hod
reduces oxi de overpolishing and m nimze the variance of dishing and

over pol il8hi ng r eshit prsgpnt EMEmethed ¢apbe pged tomagintipefe emeriabatefand cedueh and

l'i newi dth. Thus, : : A i 105 i.th a short
peri od of over ng ?g%ﬁl%m%d#ﬁggﬁd? g%[)? %‘\é&ﬂcf'é%@??'p??eol&rj{g %ﬁ‘@%ﬁ%‘?&fﬂé&g

enbodi nent s arde exapgisbsg ofid mhemize theentinor didiskinhesd oprrpshitie testiloing t he

pur pose of il.lustration description, .and . although the inventjon has
been il lust r&fPE‘dB%gﬁ"c?é‘-‘r‘{@ﬂfff%‘F a’i‘:ﬁggfﬂoé'@éﬂﬁt‘ﬁ‘@“ ’éﬁ’a Ug Ehe spg a‘i"é"poﬁﬁ‘ﬂ’hl’o be
construed aswiiehdt®eluhéich@dertGigt £6rt pERBY o PG RrpdBEhiht ended to be exhaustive
or tolimt the invention to the precise forns disclosed, and obviously
many 20 !frodi fi cat Tsrferezens dercriptinsof sperifisembosimenisandresamplssefshe in |i ght of
the above teggebiiRg havd beeh Srek ion
enconpass the getneriia,é afreegr aés?]tt ergﬁﬁw%i%ss% oglzsgr?ﬁ%nﬁidb&f&?w&é%%g?m appended
hereto and t ddionglethaiivahidmtiss bgn3llusig@d by c83ail\érf thk araredidg exAnmpishiod of

chemi cal  mecan) 6alon8Rlda%0bady Rl F2fB). TRANRSESNSH RIS b Sndllor
to Limit the invention to the precise forms disclosed, and obviously many
20 modifications, embodiments, and variations are possible in light of the above teaching,.
It is intended that the scope of the invention encompass the generic area as herein

disclosed, and by the claims appended hereto and their equivalents.



i ncludes an insulation |ayer having trenches fornmed on a wafer, angv ;gsb%l
| ayer having a first portion in and above the trenches and a seco &%H'r {don
overlying the rest of the insulation |ayer, conprising: a first step of

pl anari zing the first and second portion of the nmetal |ayer by urging the
wafer with a polishing pad at an appIB?d pressure and a relative velocity in
a contact node between the wafer and the polishing pad; and a second step
of polishing the first and second portion of the netal |ayer in a steady-
state node,to formindividual netal lines in the trenches. 2. The method of
claim| wh&F&lM™sai d second step of polishing is controlled by controlling
wear coefficient. 3. The nethod of claim2 wherein the wear coefficient is

controll ed, by usin i shin sl urry contai ni abr asi ve parti.cl es having
2 har dnesscl os HgHREHEH G Be 2B Pl R AP R P B SRG S Ber ¢ han
t he ha; dneﬁlf&lufgs ah Elﬁulﬁﬁ(ﬁ:ﬁlhyerﬁ@viﬂ-é”\l@enﬂ@ésl’f&dlegfon ﬁh@gﬂ’ﬂ Eihd%?d’taﬁirgi}fei ﬁhv&[@i edSS e_(ll_gnd
step of polishing conprises increasing the hardness of the_netal, 5. e
met hod of ‘Eqs%ﬁ%*qn RSP @srfaw@%%ﬁaggctoéfapmmbmﬂgﬂﬁgﬁbe f&%ﬁﬁﬂ?é@g{%@auci ng
the hardngss, @fnptikfiggi nsul ation layer. 6. The nmethod of claim5 wherein the
har dness of the insulation |ayer i.s reduced by. controlling the pH and/or
conposi tion of AlEbigRHiPHg g e firsyandgeongweRiog obihecretal fAYE" PyirEiRg fhe
conpri si NgwaeSh@Pa SfliskiaBbiD: hh Bgh18H blRENrdvatirelped eichgin Addinfaor iddey. S. The
met hod of claim7 wherein the within-Wafer polishing uniformty is
cont r ol | ed®yeen &t atd a0 Ay POBHY R e di ti ons of the wafer and the pad,
di spensi ng condi §scoissteplor @oR@lnzShY Mgt ang lsetohy patieh bhee Gkiafl bpessa ebadyhe pad. 2
3 AUG 2905 34 9. A nethqd, of, chem cal nechani cal polishing of a netal
damascene §F?H@?%WébWhW8W”mWH@Fﬂgég“éﬁﬁtﬁ? }%4ti on | ayer having trenches on a
wafer and a netal |ayer having a first portion in and above the trenches
and a second portion overlying the rest of the iqs | ation | ayer,
conprisi ng® a firshetaddd cEim B MR AIqRgeInStepiof Bells ﬁﬁ’%%@gﬁﬁ%gﬁrtion of the
et al | ayegonRylibg wedi@odthgientvaf er with a polishing pad at an applied pressure
Pa,, and a relative velocity VRin a contact node between the wafer and the
pol i shing pad; and a second step of. polishing the first and second portion
of the netal | ay@rmithedorstagadyvhesiathe wsndeeiByichEt t&dl 8Ot iengf Ololigihdg
equation tg formindivyidual neta Lines.Jn the tr nfhgs, , ,

slurry containing abrasive particles having a hardness close to the hardnéss of the insulation

layver and higher than the hardness of the metal.

4, The method of claim 1 wherein in said second step of polishing comprises increasing
the hardness of the metal.
5. The method of claim 1 wherein said second step of polishing comprises reducing the

hardness of the insulation layer.

6. The method of claim 5 wherein the hardness of the insulation layer is reduced by

controiling the pH and/or compaesition of a polishing slurry.

7. The method of claim 1 further comprising a step of controlling within-wafer polishing
uniformity,
8. The method of claim 7 wherein the within-wafer polishing uniformity is controiled by

controlling contact conditions of the wafer and the pad, dispensing conditions of a polishing

sfurry and the stiffness of the pad.




R vl etar =Rrnsndal i an =kti WH PavT" wherein Rif,,,, is copper renoval rate,

R ,,,s=,ralia,, is insulation |ayer renoval rate, k,v is wear coefaiigfg
and H is apparent hardness of a polishing surface represented by t b 2005
following equation: -HA 1VWar Af}H ns~,rat,aa (1-A/) wherein HM,,,,, is
hardness of copper, H,, ,dada,, is hangness of the insulation [ayer, and

Afis area fraction of the metal pattefn. 10. The nethod of claim9 wherein
t he apparent hardness H is deS|gned unlforn1y cross a die area on the
wafer. 1 1, The met S o ste shlng is
control | e d by @ 6net l}o olf ch dm%zﬁ glechamca ?xfl%m gi!eanl%ﬂ.etel c%mascilée sRLIJﬁtmep wh1

wear Tl oy g hbd of
claim9 whﬁﬂemﬁahheHMBawMQﬁeﬁﬁngnenhaknuawﬂmemmhmmhﬂegmﬂmvegaﬁusemnnm step

by rising a |IShIn slurry, cont ng abr asi rticle a hardness
o o5t 1 02t RaROhieb ARt SRR R SRR R BEEAE LSRR e, 2 Rar Ahes
t he har dnessnekinghe net al Hhr~rar 13. The nethod of claim9 wherein the
second step of |-i shi ng i ncreasing the . hard s of the neta
e 14 The RBEhSE G R TR fe R AR P S g
conpri ses %@@u@hmgpﬂbemgp&iAuﬁapmaﬁ@ﬁmQBe gdneﬁSa@émhhaemaﬁphatlomalayer
HLli,,r,lrrro 1%& The gﬁt clahg1 mg in the hardness of the
i nsul at i on“IRyEROde bR AR ?ngtwﬁ@ P ontrolling the pH and/ or
conposi tion of amﬁ@mjﬁﬁhﬂ@oﬁﬂwﬁmyeF&ﬁmﬂE@@nﬂ@&h@doﬂﬁeﬁk&ﬂmy&#ﬁu@&hen )
conprisin {ro w t hi.n uni rmt | T The
Pt of s e g B e AT oSt Rt R e £ Petes
controll ed by controlllng contact conditions of the wafer and the pad,
di spensi ng condgélon aﬁﬁg ?hlng slurry and the stiffness of the pad.
’I”fﬁ"’9 P &

i 8. The net hod of«cl fi the netal damascene structure i; as an

ar ea fraction Af of 0 5 and the netal lines in the trenches have a

i newidth w to 25~ d the .total olishing time for said
first and ?géﬂ M?f@ﬁngﬁﬁwFﬁﬁffﬁ L [V AR 8%&@alfﬁow*%% elPRE& of claim 9

wher ei n t heefreicat, 28AHBS aEAG:nS hardiedusfn Jrishiansuafaearepieadtadon tif follofin®. 5 and
the metal lines in the trenches have a linewwdth wfrom50 to 100 1n, and
the total “Pdi9"hing tine for said first and second steps is .from 180 to
210 seconds. 20. The nethod of cIa|n19 wherei n the netal I|nes in the
trenches have zf]%@f&%g .5 m the netal damascene structure has an
area fraction “Gmﬂ d 0.5, and the

wherein Hype 18 hardness of copper, Hynsimian 15 hardness of the insulation layer, and Ayis area

fraction of the metal pattern.

10. The method of claim 9 wherein the apparent hardness H' is designed uniformly cross

a die area on the wafer.

i1 The method of claim 9 wherein said second step of polishing is controlled by

controlling the wear coefficient k,,.
i2. The method of claim 9 wherein the wear coeefficient k,, is controlled in said second
step by using a polishing slurry containing abrasive particles having a hardness close to the

hardness of the insulation fayer Hyyuwion annd higher than the hardness of the metal Hyjew-

13. The method of claim 9 wherein the second step of polishing comprises increasing the

hardness of the metal Hyjuur.

14, The method of claim 9 wherein the second step of polishing comprises reducing the



total polishing time for the first and second steps is from 180 to 300
seconds. 21. The nethod of claim9 wherein the netal lines in the trenches
have a linewidth wof 0.5 pmand the netal damascene structure haszgmy@rzm
fraction Af of less than 0.01, and the total polishing time for said Tirst
and second steps is from 180 to 210 seg;gnds.

hardness of the insulation layer Hywiation-

15. The method of claim 9 wherein the hardness of the insulation layer Hypuaion 15

reduced by controlling the pH and/or compaosition of a polishing slurry.

16. The method of claim 9 further comprising a step of coutrolling within-wafer polishing
uniformity.
17. The method of claim 9 wherein the within-wafer polishing uniformity is controiled by

controlling contact conditions of the wafer and the pad, dispensing conditions of a polishing

slurry and the stiffness of the pad.

i8. The method of claim 9 wherein the metal damascene structure has an area fraction Ay
of 0.5 and the metal lines in the trenches have a linewidth w from 0.5 to 25/ um, and the total

polishing time for said first and second steps is from 180 to 300 seconds.

19, The method of claim 9 wherein the metal damascene structure has an area fraction A,
of 0.5 and the metal lines in the trenches have a linewidth w from 50 to 100 pm, and the total

polishing time for said first and second steps is from 180 to 210 seconds.

20. The method of ciaim 9 wherein the metal lines in the trenches have a linewidth w of
0.5 pm, the metal damascene structure has an area fraction Asbetween 0.05 and 0.5, and the

total polishing time for the first and second steps is from 180 to 300 seconds.

21. The method of claim 9 wherein the metal lines in the frenches have a linewidth w of
0.5 pmand the metal damascene structure has an area fraction A, of less than 0.01, and the

total polishing time for said first and second steps is from 180 to 210 seconds.



