"16 March 2006 1 Method For Reducing Dishing In Chem cal Mechani cal
Rolishing Field O Invention The invention relates to damascene processes

i n sem conduct or wafer manufacture. In particular, the invention rel ates
to chemical nechanical polishing (CMP) processes applied6d#ihAdlamascene
processes. Background In the sem condugtor industry, copper is replacing
al um ni um as a ”EWthé@ﬁo.fﬁédnc DiSHREBEChdiRichNVIBEHARAEPSIBHARAD bond pads in
sem conductor wafers. This Is cause when conpared to alumnium copper
has | ower el ectrical inpedance and higher electromgration resistivity.
However , a%i@lﬁ%ﬁn@{}n@ioﬂo known conventional technologies for etching a
copper pattern 1n the sem conductor industry, a conventional copper
damascene tEhelimshtienrelatesthdanadseane prasesses i serhigpnduagr wefsp manwfaetargcin ve

I nt erconnects.l | ' t he
formation dff ﬁgu%péﬁf@ﬁ{nﬁgn féé@%s:}}{g@ééﬂ}n?z{;%e\%g@ ggra Féﬁ%@tn g g@g.ﬁfé‘ﬁgﬁﬁsgﬁ%%ri cis
patterned, dueing dxmaspdre pusdessgs.phot ol i t hography to forma photoresist |ayer
for providing a mask for etching the dielectric. By etching, trenches are
then fornmed in the dielectric which are defined on the sides by the

di el ectric Butigeunithe bottom by the substrate. A layer of confornal
conducti ve terial or netal such as cqpper . is.deposited. over.the

patt er ned d@@@’f“l‘@&&“%é’?@ﬁ"y CARPCE lséﬂﬁ"fg%g a&‘HE'PE’i"hgsaﬁ'Betf‘F oy é&’.m"‘%he waf er
surface is doh@rtiP®IntedRdedtOardah@yRisan seficdndndtoraldiyrs PThIS & bedaust eder i C

surface and rengve any excess gr resi dque.conducti ve terial or netal
whi | e | eavi g PBEA ihumdim.Coppe; &g lpwerglectigabimnsance pad higheri he trenches in

the patter nggudn®rfdnreGstivit). BoRORPRE theflHIRAE RIAVIIoAGRSISnal RcBAdI6@&hen cal
pl ating of copper is applied to deposit a |ayer of copper over the

di el ectric fonetelinga egnper PAHRINGR thewpmisprdustos indystyys 2 GaBENHBa WPBTe any excess
or residue £anRR&hHe RBhidMEy\ e h8lefoté!lideBF& forming copper conductive interconnects in

wafers.

A conventional damascene process begins by the formation of a dielectric layer over a
wafer substrate. The dielectric is patterned, for example using photolithography to form a
photoresist layer for providing a mask for etching the dielectric. By etching, trenches are
then formed in the dielectric which are defined on the sides by the dielectric and on the
bottom by the substrate. A layer of conformal conductive material or metal such as copper
is deposited over the patterned dielectric, whereby the trenches therein are filled. The
wafer surface is then polished to achieve a substantially planar dielectric surface and
remove any excess or residue conductive material or metal while leaving behind the
conductive material or metal in the trenches in the patterned dielectric. In a copper
damascene process, electrochemical plating of copper is applied to deposit a layer of
copper over the dielectric pattern after which CMP processing is used to remove any

excess or residue copper on the wafer surface.

Conventional abrasive CMP technologies are currently used in the semiconductor industry
for forming a copper pattern in a wafer. A typical abrasive copper CMP process primarily

includes a sequence of steps shown respectively in Figures 1 to 4. The first step involves
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~Conventional abrasive CMP technologies are currently used in the

sem conductor industry for form ng a copper pattern in a wafer. A typical
abrasi ve copper CMP process primarily includes a sequence of steps shown
respectively in Figures 1 to 4. The first step involves ilMakb240 166166+
*000002* 16 March 2006 2 the depositiom of copper 102 over a conformal

barrier |aygg dép@ﬁtl@@{)ﬁ doﬁberqg@G%rta%nﬁMﬁil barriePRYdra0D @sHiek RpSsited berlhayer 106
as shown in Figure atterned dielectric |layer 106 contains trenches

108 in whi cﬂ@“@'@p‘bé‘ﬁlei‘@)@ lqygr }Q61 as shiownyjiFigyre & Hhsrpatiergeddicleptsichyet BB by t he
top of a s u&maﬁrﬁrtr%néﬂ:g lbﬁaﬂavm SBpdrn 82 & Ale8 O HiLIEis lefnddSit BRBBHom b ghenext

step involves t renoval of excess copper 102 above the plane of the

di el ectric topef ssubstaate 1 fLurion gvhichrtbg dieleginif il &his hased pEhanexs prep mvalveche excess

copper 102 t ,n Figure

2T s st dgop of s BTt BEinei etk dicearlAMBLERAY IR, |

mounds of cmybisieing apmiattohen whitb Bkgcsfn@pb@rrlm écte¢ta$/h5r anl€hd paini d¢tedt<|>res above the
r.ef

pl ane of the su ectri.c |aye
over pol i shi'f§°8 (s 3fubin il 2 THE S5 ‘\°W°¥°\e{’nn‘\'}é9a?’ﬁsebe@§‘d SopPer 1esthles 202, 05 g
barrier | ayfermihf4oudds dfheppenarid the usdealgiag bérrichleyan\i 04 pahlchshlalahgveab@plmei on,

initial dis CQ urfaces f 1 e SOl erfllled

trenches 1 t@%ﬁ’l"%%" ?tgﬁ%% t”ﬁgaygrhg\?mt}ﬁﬂe Qap 8vearo ‘éb‘&%”?ﬁgﬁdﬁ some copper
resi dues 2011?ec8§sarb/|tofeﬁimtmecbbbwmrduestm add Bdttiagaysr 004.em wor sens as  severe
di shing 402 arises when the overpolishing operation is conpleted at the end
of the abrasive copper CMP process, which renoves all copper residues 202

and the barAi @§ idit Slage Qe W&ﬁﬁslﬂﬁ@éfﬂe@ﬁah)’iniﬂhﬂhﬁh@l& coh@vity 30eorathe t he
dielectric surface as shown in Figure 4. The severe djshing_ 402 which

occurs at twefaessefde oew@rﬁw@mﬁéesd@f& bﬁg‘%@ssgo‘f”e@ gheven ingf @%%ﬁ%

cons equenceﬁoug%fst)ﬁle ch;smr RR{du& oy stifp ?en{a“ﬁ? | BEvAVeR tHRldihRHRR6bIGR MdkEhd ase

pattern, but "also planarity of wafer which det eriorates subsequent

| i t hogr aphysepese Hishitg 482 arises when the overpolishing operation is completed at the end of the
abrasive copper CMP process, which removes all copper residues 202 and the barrier layer
104 which previously lie above the plane of the dielectric surface as shown in Figure 4.
The severe dishing 402 which occurs at the end of the abrasive CMP process results in
adverse consequences, affecting not only the resistance of copper conductive pattern, but

also planarity of wafer which deteriorates subsequent lithography performance.

A conventional abrasive CMP process typically involves holding a wafer against a rotating
wetted polishing pad surface under a controlled downward pressure. A polishing slurry
such as a mixture of a chemical etch component and abrasive particles may be used. A
rotating head or wafer carrier is typically used to hold the wafer under controlled pressure
against a rotating polishing platen, which is typically covered with a polishing pad

material for polishing the wafer.

A number of proposals are currently available for reducing dishing or concavity. Of
particular note are proposals involving polishing slurries. In US Patent 5,607,718, a
number of compounds are added to polishing slurry to decrease solution velocity thereby

suppressing dishing. In US Patent 6,149,830, a viscosity modifier is added to polishing



A conventional abrasive CMP process typically involves holding a wafer
against a rotating wetted polishing pad surface under a controlled
downward pressure. A polishing slurry such as a mxture of a chem cal etch
conponent and abrasive particles may be used. A rotatindShad 2806 waf er
carrier is typically used to hold the wafer under controlled pressure
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polishing pad” material for polishing the wafer. A nunber of proposals are
currently aUal0.095) achepyical egmt:tsa@dqdut@n«plwbmersl%r%mtwoteynve;ﬁéemdpe'aﬂ ar note
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nunber of conpoun re ad to polishing slurr decrease sol ution
vel oci ty t hengibsringsapsstiestapping, dishing fiep SiOprCNE PHi tp%eﬂw ¥301998 viscosity
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vi scosity o slu Pat ent
5,770,095, a chem cal agent is added to polishing slurry to forma

protective u r f

G shi ng. | rivan PR el ramet s Fane S i Fyf OB R RE et PRSRREE: BERET °

dhz hidng fr EIFat@rt] e,zn:m at kDo pagkis n&ﬂ@ra&&?c dcb@ﬂﬁd td folih,a damascefact ant i s
added to pOISI for thalnln bal pl ana Al so not abl e
are proposaft@e Eﬂag‘fi 'FFg‘E]T’% PrFEss I8 Psd &¢ reBB??@‘ﬁ%‘&%’ﬂF?[?g%%ﬁof&%& ng. In
US Patent fuchiké (R83is cantrdl 68t rdnvdvalmateabf differdhdeatradls 18NS Riegosi ted to form

a damascene_ structure and t he process i se 0 remave the excess
metals. No df Ehi%lga Broteghive layses t‘F"I‘?éﬁ"b‘S'uéedziﬁ?ﬂr? gMPOF?m?qﬁ%‘Wé’Wb D ates of

di fferent npbigkidihfn gb&@oﬁi&lﬁn@étﬂ@?emo’ial@&@s Sfdifferentinéreed.i ve | ayer such as
titaniumis used before CMP processing, which may reduce dishing by

controlling the renmoval rates of different materials. Qther proposals are

al so curren {hlér &ngdshl@meealgo@'uréﬁ%hl%léjfo?n:Uﬁkgn distiR6rbhdavity SR proposal s
ei t her |nvo ve 1 nproving polishi'ng uniformty by inproving polishing pad

desi gn or pebpeshiskishqsanyohgtimpioxing pelishing unifornithyripsavingdoliping 8ad provi di ng
a more unif gers@n%l' B(gl[s){mg p§3 fila QHBI', 8Musing a dummy structure for providing a more uniform

slurry distribution.

Accordingly, there is a need for an alternative method for reducing dishing during CMP
processing for addressing problems caused by dishing such as increasing the resistance of

copper conductive patterns and reducing the planarity of wafers.

Summary

In accordance with a first aspect of the invention there is described a method for reducing
dishing in a chemical mechanical polishing process performed on a semiconductor wafer
having a dielectric layer with trenches and a copper layer deposited over the dielectric
layer and filling the trenches in the dielectric layer. The method comprises steps of
removing excess copper above the plane of the dielectric surface using a main polishing
operation, whereby copper residues are formed above the plane of the dielectric surface,
and applying chemical treatment to the surface of the semiconductor wafer in the initial
stage of an overpolishing operation, wherein a protective layer over the copper residues

and surfaces of copper-filled trenches is formed. The method further comprises steps of



~Accordingly, there is a need for an alternative nethod for reducing dishing
during CVP processing for addressing problens caused by dishing such as

i ncreasing the resistance of copper conductive patterns and reducing the
planarity of wafers. Summary |In accordance with a first 1%&‘6@390% t he
invention there is described a nethod for reducing dishing in a chem cal

nmechani cal gRbVisHihe BofpkPesiatesRal bRXd¥RG @Yerdhes@iaboRdbE plafie sahediclettaivi Ny a
dielectric layer with trenches and a copper | ayer deposited ove th?
{?&‘is.o The

di el ectri c layeaiethe exepalishing pRpraties. anddrieoniag the plotrstivg layer Ve, the 45

met hod conpyd & erSiIRR%reRlhes DY AhISNAESSerftRAPEr above the plane of the
dielectric surface using a main polishing operation, whereby copper

resi dues are fornmed above the plane of the dielectric surface, and

appl yi ng chg %c%?dgnéeg ‘?i@ﬁ Ebnd 88%%&?19 Efvestfonthert RUSEHEE ANAHEh& fopaf er in

the initial stage an overp 'nﬂ operation, wherein a protective
| ayer over redweingalisbing in @ shaiea meghanicslipdlishiag poress ppiermeflionped trenches is

f or med. Th.es .%}%to@é)u%t fr Fk)va% %5\{”8%?%91{'&(3%@1% la@%le\pﬁh anc&% M%%Bpﬁe?gaﬁgﬂcgp&?ﬁgw ng the

copper residues an rotec ayer ereon above the

di el ectri c ovkmthedielentric Hayenarglrfibhg thi tremphepio izt didegtriailaglers temvetheg t he
protective | ayer. over the surfaces of the caopper-fill jn the
overpol is hicﬂﬁ%BfJBg StERSSH QY NG XSF SHRRST BV ﬁ&eel pgaélce: 8?1%'6 ggeﬁgeecﬁzr[cesg&p%ﬁléfng

i nvention tagéig pblsshilgopeiatien] wherey o®iphodsifues arerforhil abgvedhe hlangofithe a

chem cal meghani cal _polishin rocess perfarmed. on sem conduct ar waf er
havi ng a di%®fedts ?uéfaF%i)?B*?ly Re glﬁéjnf'F et “tafﬂg‘eaf“%&?p%&q Sﬁ?éﬁpng‘ggodé’\'a?eéd over
the di el ectipkif ihiGiXieskagaddar dierpolighihfiperdtidnObiasein B pidietidé Ryaatver the | ayer, the
met hod conprising steps of renoving cesa@cop er above the plane of the
di el ectri c OuPF sesilugsandguriacesaf copperhilleditishchsd Srigimednre MK e 45 ~PRS per

residues arggifik ARFpraReN® 1hyee tetaRabsVe thdWancdifelealiéieduge Byérfimar; appl yi ng
chem cal treatnent to the surface of the sem conductor wafer in the

initial stayerpelishing eertipwiand Ry ingghe eroteetive lvse puirthesuppess btheve | ayer
over the . ﬁc%B@é?—rﬁlfeg%’eﬁéﬁ@§inafﬂéjov%wofliﬁﬁﬁéo&f‘ati‘éﬂmémidai dohdioh usdiclaemel s forned;
renmovin e copper
J chemicglptreatment, the chemical solution being introduced to the surface of the
semiconductor wafer which reacts with the copper or is chemisorbed onto the surface of

copper for forming the protective layer.

Brief Description Of Drawings

Embodiments of the invention are described hereinafter with reference to the drawings, in

which:

Figure 1 shows a cross section of a part of a wafer having substrate, dielectric, and copper

layers during a conventional CMP process;

Figure 2 shows a cross section of a part of the wafer of Figure 1 in which the copper layer

is removed during the conventional CMP process;



"residues and protective |layer thereon above the plane of the dielectric
layer in the overpolishing operation; and rempving the protective |ayer
over the surfaces of the copper-filled trenches in the overpolishing
operation, a chenical solution used for the chemnical trdaMach200& he
chem cal solution being introduced to tHe surface of the sem conductor

waf er whic rFTJ% ; 8§ Tsl?ovw ddlods REBRBPE f)zTrP(Sf théw&ﬂa{a&‘ ﬁ%@?@h RRER ah B@er&ﬂ'{slﬁ age of

copper for mng the protective |ayer. Brief scription Dr awi Ngs
Embodi ment wpefatieeeginyead dishing aparsus eqpPPirEsithees afernet @féﬂplwﬂb/ﬁem@‘feé rence to

the draw n hows a cross section of a part of a
waf er havi %rlg%g‘&c&z}{eg%n& chgcr)?]eéss and copper layers duri ngpa
co][lvent:conal CWP process; Figure 2 shows a cross section of a part of the
wafer of Figure,1l in which th [ j ved.

convent i onalﬁ ﬁ/ﬁ’ lﬂ)or“bscaecsfgss > %’Oﬁ/g?ééﬁggﬁfc}h%%ﬁﬂg@?fégg? '}sﬁgl\%rfswédpggrgég&gectl on
of a part aidaberrieafager iofenfeived)irewhich sevatei didhirgremlte afeylthesdvnmentiongd €IMR | on
begi ns and di shing occurs but copper residues are not conpletely renoved
during the R¥f¥entional CWP process; Figure 4 shows a cross section of a

part of the wafer of Figure 1 in which copper residues and a barrier Iayer
is renoved, _in anlch severe di s ing. r ultfs .er ihﬁ nvent i onal

process: Fifjeie > Shariaeoss SE‘FG%’ %T?ﬁ € BRICHOERYe o AT ETHE AP trreaBT’e"I‘—'l gure 1
after cheni i§ Applicd BrtheRAter td PrrRPrdt@Mvé Ryédd thedoppertsOrfacrditiag fhe ligdlt i ve

| ayer on the copper surface during the initial stage f g ol i shing

oper ati on oﬁﬁagr:log @obishing opelpPyY %“rﬁﬁt‘%acﬁoﬁﬁiﬁ'&ﬁefwl@oa E)‘i Mgo ocecor di ng

to an enbocgcg@ra;n anrté}@oddnygﬁgfggmvaﬁmmﬂ@ure 6 shows a cross section of a
part of a wafer of Figure 1 after final overpolishing to conpletely renove

copper residue and barrier |ayer after the nodified CVMP process of
Figure 6 shows a cross section of a part of a wafer of Figure 1 after final overpolishing to

completely remove copper residue and barrier layer after the modified CMP process of

Figure 5.

Detailed Description

The need for an alternative method for reducing dishing during CMP processing for
addressing problems caused by dishing such as increasing the resistance of copper
conductive patterns and reducing the planarity of wafers is satisfied by a method according

to an embodiment of the invention.

The method when applied to the manufacture of semiconductor wafers is for reducing
dishing of copper areas such as interconnects or bond pads which occurs during chemical
mechanical polishing (CMP) processing. After applying a main polishing operation in
which the excess copper is removed, an overpolishing operation is applied during which
initial dishing begins, where the overpolishing operation is applied to remove copper
residues and a barrier layer underlying the removed excess copper. At the initial stage of
the overpolishing operation, chemical treatment is applied to the wafer to form a
protective layer over the copper residues, the barrier layer, and concavities or recesses in

the copper-filled trenches due to initial dishing. The protective layer in places over the



Figure 5. Detailed Description The need for an alternative nethod for
reduci ng di shing during CVMP processing for addressing problens caused by
di shing such as increasing the resistance of copper conductive patterns
and reducing the planarity of wafers is satisfied by a méPNBEFIZ8%rding to
an enbodi ment of the invention. The netéod when applied to the manufacture
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i nterconnects or bond occurs during chem cal _nmechanica
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recesses in_.the cgg§$r filled trenches due to initial dishing. The
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preferably renoved by contan|ng t he overpollshlng operation during whi ch
a hard poli ctlve l

hi n iS u weve r
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Zl UL ry whi ahe b\&qlwleldngiupdra"tgmmheMmedSepﬂﬂ\g swhemgeminels atddam proéss snchalever e
ishing is greatly duced whep the overpol operation ks co | et ed
at the end (tha“Eonaé‘ @I@B”ﬁf‘fﬁ(‘?@&'a SPhEHPSE g‘(?fef’bgp‘f’g%éf’t ‘g@bﬁ‘o"f"f‘f ?ecegges is
preferably ghemmeedd bitoRoppes Rirfigests ifs @ote@ive Iped before the end of the CWP

pol i shing process. The nethod invol ves chem cal treatnent being applied at
| east once to the wafer during the overpolishing operation in CW

processi ng. A fikfhod Q@J&&ﬁ%ﬁ) d’fﬁ@i@rrbd\er%daﬁﬁéﬁ of th6 irnvefionQs éb%@llllfedalﬂ greftet ymeri ¢

materials or mixtures thereof which react with copper be
detail hereinafter. Conventional abrasive CMP technologies are used m the method for
reducing dishing while forming a copper pattern in a wafer. An abrasive copper CMP
process according to the method primarily includes a sequence of steps shown respectively
in Figures 1 to 3, S and 6. The first step involves the deposition of copper 102 over a
conformal barrier layer 104 earlier deposited over a patterned dielectric layer 106 as
shown in Figure 1. The patterned dielectric layer 106 contains trenches 108 in which
copper 102 is filled, which is defined at the bottom by the top of a substrate 110 upon
which the dielectric 106 is based. The next step involves the removal of excess copper
102 above the plane of the dielectric 106 surface during a main polishing operation in
which excess copper 102 detected by an end point detector is removed as shown in Figure
2. This step, however, still leaves behind copper residues 202 and the underlying barrier
layer 104 which lie above the plane of the surface of the dielectric layer 106. Therefore,

an overpolishing operation is necessary to remove the copper residues 202 and barrier
layer 104.

At the initial stage of the overpolishing operation, initial dishing or concavity 302 on the
surfaces of the copper-filled trenches 108 begins to show, as shown in Figure 3, even

though some copper residues 202 still remain. At this stage, chemical treatment is applied



- chem sorbed onto copper surfaces to formprotective |ayer. A nethod
according to a preferred enbodi nent of the invention is described in
greater detail hereinafter. Conventional abrasive CVP technol ogies are
used in the nethod for reducing dishing while formng a!edppér®attern in
a wafer. An abrasive copper CMP process according to the nethod primarily

i ncl udes a (§eGHeN6teRiveIhRPSOBNRMAe EERELH B FpeY resldﬂeﬁ(ﬂufh@fbarllei Ryé, S5 and
6. The first step involves the gge)£03|“ on of copper 102 over .a_ conformnal

barrier |ayléf, andgoraviticeer reessiss wtm/@pper-fii&ﬁtt@nﬂealw dyedeinitid | ayer 106

as shown i t 1 h
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shown in Figure 3 even u h so co per g Si % 202 st { naln

this stage, OFR®RNding! ylap‘é"éftt ‘HtreﬁPSCt S¢% (ﬁﬁg@ﬁt S HERsecive laéferf dF i
protective kayid a3 QovaViRIFiduREs. ST'lEef;ﬂ@t@&n@fl fpmveft‘hé rdduess AAnayttee bar rier
| ayer 104, and concavities or recesses 302 in the copper filled trenches

107 due t o eMPYadaisinggisefipalish ingypag ARRTY iBgFoeRonRlS P IINEAPSBHIBt i on as shown
in Figure Sonftibgy the protective layer 502 is formed, the overpolishing
operation is continued to renove the copper residues 202 and barrier |ayer
104. The chemical treatnent may be applied nore than once during the

over pol i shi ng, QREE AT HasivERMPHRIES pI&I XEIvesAdiRY & Walfd? Gt R Ftating

wetted polishing pad surface under a controlled downward pressure. A polishing slurry
such as a mixture of a chemical etch component and abrasive particles may be used. A
rotating head or wafer carrier is typically used to hold the wafer under controlled pressure
against a rotating polishing platen, which is typically covered with a polishing pad

material for polishing the wafer.

The chemical treatment at initial overpolishing operation occurs when a chemical solution
is introduced to the surface of the wafer, which remains to be held by a wafer carrier
against a rotating polishing platen covered with a polishing pad throughout the chemical
treatment. During application of the chemical solution, the downward pressure applied
during polishing is held off and no vacuum is required for the chemical treatment, which
occurs under room temperature. The chemical treatment is continued until the protective

layer 502 is preferably 10 — 100 nm thick.

Using a conventional CMP process, dishing may be found to be more than 600 A. Using
the CMP process according to the method, less than 200 A of dishing is achievable.



“residues 202 may be renoved during the overpolishing operation using for
exanpl e a hard polishing pad under conventional overpolishing oper ation
conditions. However, the protective |layer 502 over the recesses 302 is
able to withstand the wet etch of chemicals in the poli daAM#FhPWry used
during the overpolishing operation, andgthe dishing problemis

cor r espondifi@lcherRichI@¥iuabe el n he SR&Eital Heathidft 15@9&?.%@&3039& @bdngy the
protective layer 502 is renoved as shown in ure 6. The protective |ayer
502 over t Helufipese s cancsppatipnpf paich rangs frem QJQQOA@?& 50M. Pichemicay pad
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abrasi ve CVP process typi cal i nvol ves l ding a wafer against a rotating
wet t ed poIH@hﬁﬂgn®aﬁp®umﬂaéewahG@ﬂmaﬂéﬁhﬂﬁﬁlIed downwar d pressure. A
polishing slurry such as a m xture of a chem cal etch conmponent and
abrasive particles may be used. A rotating head or wafer carrier is
typically L‘fmadlptesoﬁmigdlit brdventsfused inrtbiechemaaat sadutiop dngbedssisaxane arglgai nst a
rotating po t.e d with a polishing pad
matori al § QoM eEaRAE Rarofeiinid ARG 2 % B
over pol i shing operation occurs when a chem cal solution is introduced to
the surface.o whi ch remaipns to carrier

agai nst a (ra%iaﬁ‘tpieﬁﬁf%%f"f'gﬁ?'ﬂﬁouﬁﬁs YSEH ?/‘é'}egﬂca\if(pw'og 13%?‘?5%%&“%8& t hr oughout
t he chem caBTA) asbddrRbbives Bmﬁdaageampdidrmaﬁve@ranﬁiﬁo ¢dmepoohdsrarale compaindgn, t he
downwar d preser appl i ed durlﬂg oIishiH% eld QBI and no vacuumis
required fdPOYARS dsa Preppig 3¢ifaRd corfgaronf! gBE‘&' Fides, S paAn gy m t enper at ure.
The chemical treatnent is continued untiI the protective layer 502 is
preferably 10 - 100 nmthick, Using ?nventlonal CVP process, ﬂlshing may
be found t dBEPIRSPEPIKAF weHinAhe P‘r‘ﬁj"s W@nwdﬁ@axeggma%@ar%wg fo the

net hod, | esgmt @iy Auﬁsfascybgw RehtioheAGBARY &hRund® March 2006 8 The
chem cal solution useé in the chem cal treatnment includes aqueous or
organic solutions, the concentration of which range from0.0001 Mto 1.0

M The cheni, ¢ foregoing manner, there is described an alternative method for reducing dishing
during CMP processing for addressing problems caused by dishing such as increasing the
resistance of copper conductive patterns and reducing the planarity of wafers. Although
only a number of embodiments of the invention are disclosed, it becomes apparent to one
skilled in the art in view of this disclosure that numerous changes and/or modification can

be made without departing from the scope and spirit of the invention.



“sol ution includes organi c conpounds containing relevant functional groups
and corresponding polyners as well as m xtures thereof. Exanpl es of
organi ¢ solvents used in the chem cal solution include di oxane and
derivatives, alcohol, acetone, al dehyde, and ether and dépiMpshi2)es.
Exanpl es of organi c conmpounds used in tée chem cal solution include
benzotri azqhgimd BTA) and derivatives, imdazole and derivatives, am no
conpounds, am de conpounds, epoxide conpounds, organic acid and
correspondilng arhypethpdifos redyping dighiag én achemicahpredanisal nobphjngproesseéd in t he
chem cal s %%*n?é?i anlCJeHl n&‘tﬂ%’orgﬁlféf 'ﬁ%in%ﬁ’ Hfﬁﬁhﬂ?ﬁc ’P@ef}@ﬁ? trenthes Jdﬂr}lcctohger?al

groups as ove- nenti oned organi ¢ conmpounds. | n°the foregolng mahner, there
i s descri bdayeadepmiitesravat the dietestricdalef and filbeRidi trgnaiesinithgydieldetric fyerCie
processingl%qﬁmpgg{§ﬁﬁig% y@pblens caused by di shing such as increasing the
resi st ance '0f copper “con Bict ve patterns and reducing the planarity of
wafers. Although only a nunber of enbodinents of the invention are

di scl osed, it becones apparent to one . skilled.in. the t o in _vi of this
i 56l osure t hat TG AC e LR IR siatsoh e dielese el bl WY hou
departi ng fpotishihdepesatiopewleancbyppper tesiied dne formedstove the plhie Wfithe lie22bGE& 9
Clains 1. Afnethod for reducing dishing in a chem cal nechanical polishing
process perfdfed on a semni conductor wafer having a dielectric layer with
trenches and a copper |ayer deposited over the dielectric |ayer and

filling the trenches in the dielectric |ayer, the, t hod conprising steps
of 1 renoving ex@BRl¥ingshgsriral ysainent ledhesusface Qfthe symicen ‘fcéthVY‘ﬁ%‘?fq&ﬁ‘Ff"% usi ng

a main  pold5RioNsh SREJALRIAD opeiIRh SRNer&iR B PRIecti®S ladeldvedhe cdppermsid@love t he
pl ane of the dielectric surface; applying chemcal treatnment to the
surface of anHeudasas efneapritiBled igpdes isforfsds i nitial stage of an
over pol i shing operation, wherein a protective |ayer over the copper

resi dues _ . _ '
removing polishing pressure during the overpolishing operation when applying

chemical treatment to the surface of the semiconductor wafer;

removing the copper residues and protective layer thereon above the plane of the

dielectric layer in the overpolishing operation; and

removing the protective layer over the surfaces of the copper-filled trenches in the

overpolishing operation.

2. The method as in claim 1, wherein the step of removing the copper residues and
protective layer thereon comprises step of using a hard polishing pad during the

overpolishing operation.

3. The method as in claim 1, wherein the step of removing the protective layer over
the surfaces of the copper-filled trenches comprises step of using a soft polishing pad

during the overpolishing operation.

4. The method as in claim 1, wherein the step of applying chemical treatment
comprises step of introducing a chemical solution to the surface of the semiconductor
wafer which reacts with the copper or is chemisorbed onto the surface of copper for

forming the protective layer.



and surfaces of copper-filled trenches is fornmed; renoving polishing
pressure during the overpolishing operation when applying chem cal
treatnment to the surface of the sem conductor wafer; renoving the copper
resi dues and protective |ayer thereon above the plane of loAarchd0@4 ectric

|l ayer in the overpolishing operation; ampd renoving the protective |ayer
over the surfaces of the copper-filled trenches in the overpolishing
operation. 2. The nethod as in claim1l, wherein the step of renoving the
copper resiYues Thadnethodas velpined, Wpeein the sepehintedusingachegicaksobtionsi ng a
har d pol i SIAhRAY B B ahdify aPHEAROLIRL Ao GRRIAs! BReo3.  The method as in
claimi1, whereint step o %em) Ing the protective |ayer over the
surfaces of the copper-filled trenches conprises step of using a soft

pol i shing pad ring the.owverpol i shi fion. . 4. T in
claim1l, wh@r ei gﬂ‘ﬁ% sotdeag mo‘%ﬁ%gg%Iwyhf%%bnntg%ggﬁégwr&}é@ rtrréen‘%}gal{g%%gﬁ step of
i nt roduci ngcompeibantepalf it@duting dreartihensmonhdsetectd ftonea genp condtiog i waf er
whi ch reacts w.t.h }he .g%mi)er or. is chem sorbed onto the s%rfacgﬁ of copper
for f or m e EotEassiooigRlFe Py I ePPddRAT IR B A PS8 d s | n
clai m4, whengotndshergatiefcidifanhydrided triazing, aad cile@nheal sol uti on conpri ses
step of introducing an organic conpound or m xtures thereof. 6. The nethod
as in claim5, wherein the step of introducing the organic conmpound
conprises st.ep Ofheinf¥thoadis G E18ined) whe@anihe step oPiattodhciglacnt@itaf solioa gr oup
consisting of benzotrjazole, imdazole,, yridin S, epoxide conpounds,

am no corrpo?ﬂ‘fﬂ’é‘,sesaﬁ‘ﬁpdg‘“t@HH’ﬂB&ﬁH%‘?'err(ﬁ&Hi‘@ estheeotanhydri des, triazine, and
siloxane. 7. The nmethod as in claim4, wherein the step of introducing a

chem cal solution conprises step of introducing a polymer or m xtures
t her eof . 8. The method as in claim 7, wherein the step of introducing the polymer comprises

step of introducing a polymer selected from a group consisting of polymers containing
functional groups present in benzotriazole, imidazole, pyridines, epoxide compounds,

amino compounds, amide compounds, organic acid, anhydrides, triazine, and siloxane.

9. The method as in claim 1, wherein the step of applying chemical treatment to the
surface of the semiconductor wafer comprises step of applying chemical treatment to
exposed surfaces of a conformal barrier layer which separates the copper and dielectric

layers after the excess copper above the plane of the dielectric layer is removed.

10.  The method as in claim 9, wherein the step of removing the copper residues and
protective layer thereon above the plane of the dielectric layer in an overpolishing
operation comprises the step of removing the conformal barrier layer in the overpolishing

operation.
1. The method as in claim 1, wherein the steps of

applying chemical treatment to the surface of the semiconductor wafer, wherein a

protective layer over the copper residues and surfaces of copper-filled trenches is formed;



8. The nmethod as in claim7, wherein the step of introducing the polyner
conprises step of introducing a polynmer selected froma group consisting
of polymers containing functional groups present in benzotriazole,

i mi dazol e, pyridines, epoxide conpounds, am no conpounds'® Maihd80¢ onpounds,
organi ¢ acid, anhydrides, triazine, andsiloxane. 9. The nethod as in claim
1, wherein the step of applying chemcal treatnent to the surface of the
sem conduct or wafer conprises step of applying chem cal treatnent to
exposed surf acedeneving e aprpeniesidpesand arotqelyelaysrihesspnabpys the plang ofdhe opper

and di el eciyfeleetric! AP mSan@ERblidhile chéﬁﬁ&ﬁ ah@pper above the plane of the
dielectric layer 1's renoved. 10.” The nethod as in claim9, wherein the step
of renoving the copper residues and protective |layer thereon above the

pl ane of the di J . \ LShi Iefida | rhses the
step of renovi ng&?ﬁ\gﬁ%g\ﬁ% g&r{%glvé Ege?ﬁvgrrtﬁ% g‘(yﬁé‘?simﬁ ﬂ%hcgggé\?gﬁ %g;&?gﬁl@% the

oper at i on. derpoliflengweptelntidn ag repeatsdai m 1, wherein the steps of applying
chemical treatment to the surface of the sem conductor wafer, wherein a
protective | ayer over the copper residues and surfaces of copper-filled
trenches is forned; 16 March 2006 11 renoving the copper residues and
protective |ayer thereon above the plane of the dielectric layer in an
over pol i shing operation; and renoving the protective | ayer over the
surfaces of the copper-filled trenches in the overpolishing operation are
r epeat ed.



