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[0001] The present invention relates generally to dua

damascene sem conduct or manuf acturing processes, and

nore particularly, to nethods and systens for

SLREM. AR MILBIIDFOR SRS FREE TN ug TOR

Art [0002] Single and dRENFONBEEENE nanufacturing
processes are becon ng nore conmon in sem conduct or
manufacturing. In a typical damascene manufacturi ng
process, one or nore comgluglégsmaterials are
deposited in previously patterned trenches and vi as
formed in a sem conductor substrate or filns forned on

t he sem condyct or uﬁg r tq, form 5;% esi red

el ectrical ci “fﬁl @?Ymﬁ@&hﬁ%#- Eg]g’!ieor

over burden portion of the conductive material is often
formed. The overburden portion of the conductive

material is un nde d nust be

renmoved both tggéﬁgiﬁgﬁmgﬂggﬁ; ,ih@ﬂ$%§¥§$e and to

PEQY ] surface for subsequent processing.
L. [Eﬁ%g?ﬁq%gﬂg§g?lhrden portion of the conductive
[00011"Bh&pieddnt liSvehdion Cddtky/ genefilly eslddal dambiens ssmicombhogsor

substrate through chem cal nechani cal &olishing fcmma_
manufgefiring BYOCEHESH MBATROEE PHEERISHY. ¢y methody apdsystemeiog plagyyizing

ro ses. and ¢ ' ' . ECP processes.

kmm“%&@%%%%ii%@ggngggggggégﬁﬁgéaéPéag%?gght shortfalls. By

way of exanple, ECP typically has a relatively | ow

t hroughput, poor uniformty and inability to

ef fectively renove non-conductive material. [0004] Cw

2. rBewripsionfythe Belatedrhct processes which typically
0002 S5 M PP SN USRS AR At Pmon
semicé{icion ﬁlaillﬁﬂib’tdring}/ T @ typlidal adrhyscplexnamifcuding ploc@s®en¢ or more
and interlevel dielectric (ILD) top surface. CMP can_,
condugfi womatgriale ast depesitaddn previpughregerned tignches gpe vjag frpmed in a
d L nation i ; e . '
iAo Ol ST e APl g

electrib 260610 aft@domectsh AV @lckssR@Verlbiideh poaiarof alkhesidactive material is
characteristics of the nore-recently used materials.

often fgrmiedi Foe o trsbyHgw persion pbhesopfuctive mafriapisspasessiasy and
undes{xjﬁag% glg%{nggtl lgehlr%%ge?ckp%h gﬁgﬁgﬁcaena (92In11aesgel{eef§éjtl1}e dnd to provide a planar

surface for subsequent processing.

[0003] The overburden portion of the conductive material is typically removed from the
semiconductor substrate through chemical mechanical polishing (CMP) and electro-chemical
polishing (ECP) (e.g., etching) processes and combinations of CMP and ECP processes. Each
of these processes has significant shortfalls. By way of example, ECP typically has a relatively
low throughput, poor uniformity and inability to effectively remove non-conductive material.
[0004] CMP requires physical contact processes which typically leave conducti ve residues, or
cause corrosion of the various materials, or result in non-uniform removal, and the inability to
suitably planarize interconnect and interlevel dielectric (ILD) top surface. CMP can also cause

stress related damage (e.g., interlayer delamination, peeling) to remaining interconnect and ILD



rates and ot her poor process performance paraneters.
CWP can al so cause excessive erosion of ILD typically
wo 2008i0mg4 t h feat ure di mensi ons and density. POD0S3004/643912
view of the foregoing, there is a need for an inproved
pl anari zing system and nethdd to uniformy and
substantially renove overburden material while
structﬁPe@' ThICNDP- &fﬁ!&i Gftss 84h &R Ss hﬁth%f‘@xafc@fﬂﬁteﬂlbgrg @@f}l?b@ﬁi-nter-layer
he i1 nproved planarizing system and neth sho
adhesmruchaaiattenﬁms ofithe moresesantly mskdcmateriatan Rededing theghasidal force of

e OB, SRR OB L PLEESSSES U 052 SRS o
rates a?xﬁ%‘%l?e? B6r p W&?ﬁmaﬁkg Mﬁ%@fs@kft@@@@hs@é&ﬁg lsﬁcesswe erosion of

speak |ng, t he esent invention fills these needs by
ILD typicaily diaryingawith fqatmddnwmneanfhd@lsmzt hod for forming a

orsT TG P 0, GOTTERSAE ST L SRS, e
to un1gogﬁ a}?m%ﬁgaﬁtfhlﬁlfgﬁf)@é@ve‘f@t}fﬁen ﬂnﬁfch'fﬂj\'vﬂﬂe AnithiRh® pRyteal stress to

aratus, a“system conputer readable nedia; or a
the reldemhngefeatﬁﬁse Taé 1mpmead phaeaxﬂmhg)systmnam methbdehqrié be smtable for

e o h e oo Lt (ORI e eTobe R
proceég%?lotl%? e6Mucir 'ilfgcﬁlﬂn%?r&&k&g receiving a

tterned sem conductor substrate. The sem conduct or
subst rate havi ngSgMuARY ogNICINVENTIORr connect
material filling nultiple features In the pattern. The
[0006] Brsidlycagpeadag,itkepiesdre inentiecfillsrtiesy naeids bppravidiag an improved

over bur den portlon The aqver bur ortion
systenp pRghEIFIod doT TPHBING\ASeIRANGRTIOHB AR AR ftyhould be

appreﬁgtgh ﬂ?alt qu rpz%g}ﬁei vérﬂlé)'ht?:%n BE Efn%hf% 119 BhEdous gﬁﬁ&llldmg asa

a su uent I ectric | yer

proceispﬁmﬁii)amﬁui h eysdran@mpued readable murdie or pakvicenSeverataskentive
is formed on the subsequent di el ectric layer. One or
embogigieatsiad ghe presenping ertgasg dpsqribebbdOBsequent di el ectri c

[00071: @ﬁg Bgnﬁelﬁ? Ifo%?cfek' %?etﬁ&ﬂio@ fclﬂr?ﬁg %édglg?mgﬁ?&ng a dual damascene

IV€ |n erconnect nma anari zi ng

structdrb enddivdifig fudeitBig doutteined sémi’tondilidtcbt(.ﬁbﬂralt@WThkoymémdmetor substrate
CWP process. Planarizing the over burden portion can

havmg ﬁéllf&!i genductve idesconneet patarial filling meHinle fakges inthppajjern. The first
conduﬁlv m%ergon{xgé{%atéi g lh%l ?1? a%l %@ergﬁrdlg}? %811:{5%8 kl“he%(/gf rflen g(%rtmn is

ucin € nask [ayeP can € renovi ng

planar@zedOMhe @Kiequur&ﬁh [ertublhﬁ submartiallirefigrelBtnovay ﬁf l$16 planarizing
Reduci ng the mask | ayer can include renoving at_ | east

processnét BiRsl lgettipedppedhaiden sissaupriyielactripdayepidprresteonihe planarized

over bﬁ;gfe rpw?tll dg%&?k “Bfgﬁg«l:cﬁgf h% sﬁ@s‘gg{i@]ﬁ ldﬂei?ctr?% %9%;(? dé(remore

featuréﬁz{fg\félﬂ@dtlﬂ ﬂlefﬁﬁﬁ%qhé)teﬁeledﬁea M@bﬂtﬁldtth@ fonasmks drayidled eath a second
i ncl ude renovi ng portion of the first conductive

condugfive mtm@mcalma:t,@m@t antially level with

[0008] Planarizing the over burden portion can include a low down force CMP process.
Planarizing the over burden portion can include a stress-free planarization process.

[0009] The mask layer includes two or more mask layers. Reducing the mask layer can include
removing at least a portion of on of the two or more mask layers. Reducing the mask layer can
include removing at least one of the two or more mask layers. At least one of the two or more

mask layers can include a conductive material.



a remaining portion of the mask | ayer. Reducing the
mask | ayer can include etching the mask | ayer. [0011]
WOo-20050M 344 he subsequent dielectric |ayer on thBCT/US2004/043912

pl anari zed over burden portion can include applying

one or nore subsequent diel®ctric |ayers. The

subsequent dielectric layer can include a | owk
[0010PREIREL the niRk BlyeAdan ih&BdelenftRiH the niabie 1556R SREMR M the mask

dielectric |ayer on the planarized over Dburden portion
layer cem mndluds nethevinigaaroriien ofthe fiest sombietjvefill niterdiad substentially level with

o o S Pt SR NS M Bk B B EUET R masi
hymldielectric | ayer, form ng second dielectric |ayer over

t he subsequent dielectric |ayer, and planarizing the
[0011kBaoriog theelubstquern didlgwric laybeorstbe pladaizes] @et biugich ageion can
ncluad B e e Sy PR TR el g8t ayer
includs YRS AUEBlci-6h8&kdii ¢ | ayer can be a lowk dielectric

materi al . f OOlSﬁGE Anot her enbodi nent provides a nethod
[0012] Bernfing thersgbsequentidiciexiric tayer omthe pthnatizedicoves bemdlen portion can

structure includin% receivin

. . . patterned . .

includg gi#naFag icom beigyet rda@l%qmeri?éfgrp i%lf@nﬁgtg e ytsgaesad igfectric layer
. rate. vV . .

o nSHBELERH5) UM 3 e PRGBS R pond

dielectrict Sjfer ooerdtE tubsequent deleotricdayer, Mt @ldnatizing\thagecand dielectric layer.

over burden portion. The over burden portion is ) )
The segpnchdielesis laygs ean hep sehstandiallpplapargpategl, dhe second dielectric layer

o . . ot i g .
oSG PO SO, P, LoD i,
[0013PAsbBEL drhiodidget prosidéwd nethoddort fogmiplanetdizeduceein a dual

burden portion. A mask is fornmed on the subsequent

damasgens) e inchidee reeyeng e prBeacd atigendicky subshiaffe dlhepatterned
sermiC($n2d§{:t3)irJ g@%%%%qhvﬁgglﬁr% ({Qlﬁl(aléétgé glgtﬁ%%g%éncg ﬁncat?eil}gaé ﬂflir{gor[lﬁltiple features

in the pattceti. CORN AL comivetivinterbpmomi mderidl @aviag kanlody®urdearportion. The
I ncl ude etching the nask | ayer. [0014] Anot her

over berdgp @priomtis plapetizeds Tae wehyadengportien heing sypstantially entirely
sem conduct.or in a dual . ruc | ing. .
remosp L GRSk g oot o bR IRRER ATVt Wi R el ayerie

forme®ah HRY P1@shrisedbe@ Ml PortsaHd SA hiableisTarthedod tHel subfequent dielectric
conductive interconnect material filling nultiple

layer. {Qngtaimesye ifeptyrpe aggdommeadrin ththabsequent digJaeftie daypeand the one or more

s SR R0 Pl By B S0 REbl Ypostc v
can indlUdSI&BHiAL Td @AsK layszubst antial Iy entirely renoved in
the planarizing process. A mask layer is reduced and a

[0014k Ahetbermipodiinehtauoyides 4 mpdodifer foonmgd semic¢dnductor in a dual

| anari zed. over burden portion, Farm th ubseguen

damasg?ngl sgrgf;tilir%mf: g geeiving glpaé%m?qj%emlmrﬁﬁgté)r gﬁa’bs?rape. S pa&temed
semicicdl itrfedhal hgta T-sSRE LA HR it fHbBARE hiatdial BUBIg multiple features

form ng second dielectric
in the pattern. The first conductive interconnect material having an overburden portion. The
over burden portion is planarized where the over burden portion is substantially entirely
removed in the planarizing process. A mask layer is reduced and a subsequent dielectric layer
is formed on the planarized over burden portion. Forming the subsequent dielectric layer can

include identifying a non-planarity in the subsequent dielectric layer, forming second dielectric

layer over the subsequent dielectric layer, and planarizing the second dielectric layer. A mask



| ayer over the subsequent dielectric layer, and
pl anari zing the second dielectric |ayer. A nmaskis
w0 oooseth3en t he subsequent dielectric | ayer. ONBCDUSI004/¢43912

features are fornmed in the subsequent dielectric

| ayer. The one or nore featd4ires are filled with a

second conductive interconnect material. Planarizing
is forh&Fors @ @ﬁ@ke@ih@riterélédtﬁc 1a9é‘1€ Orfedd? nhd1€ ke @hefoRfled iGhe

second dielectric layer. [0015] The present invention
subsequeot/didlestricHeyead Thavager mbreifagniey ett fpllesieith tayseccmdrcenductlve

mterc%ﬁrl(égtgnal%tgn%ﬁﬁ ?ﬁm%@g&tﬁ% :Ee%g?%élﬁ{eegfﬁ lﬁ%etr Egra ﬁa\églalaeﬁchmg the second
dielecGibgf@ntial Iy elimnating non-lowk dielectric

materials fromthe dielectric stack. [0016] O her
[0015h§beptesem maveatvn prevides tif advhetagnofantprovedyl dnarity cuere accurate

arent fromthe fol |.ed .descri
maslc SERTERI TBTot it PR v Hof b e St S B b iuged by
substahlug ?élﬁﬁfn‘aﬁﬂéﬁ% YRy k‘ﬁﬁelmaﬁznﬁﬂ%&ﬁ 'tH?:Cdlé’lle%c Qfackhe
ntion | EF DESCRI PTI ONOF THE 0017] The
[0016]30&% agpectsvandtademtagels lof the ineeadph yill bdcmmd mmirdmz fmhethe followin g
foll owi ng detailed descrwétron in conj.unctian Wli

detaileghdesFRBR{IRFF FECR FLRTgStion ) thyeecprIPaR WRE dranings 4 Wil by way
of exagJHﬁé &@g)hglgtp'lé‘seoﬁcrfﬁﬁ%ﬂ{foﬂl el ements. [0018] Figure 1

terned sem conductor substrate in a dua
damascene pr BigEy DESERECITON'OE I DIoAWIRGgodi ment  of
the present inventiton. [00I9] Figure 2 shows an
[0017hWHE pieseralinteayion wall de ceadily andeostdahbyetheifollowing detailed description
enbadi nent  of the present i nventi on. [OOZ&L Fi
in congistien Hitb ks aecRmPanYips graungs. gehlsseferncs
e wth one enbodi nent of the present
Struc'[&%f/ég%r??lg% [ 0021] Figure 4A shows the substrate having
[0018VFergbsievas $parnitdabaiionduqouesisate in @ded ddmasenevptdoess in
one enbodi ment of the present invention. [0022] Figure
accordapea Wilone gebedimaang Qf@elﬁﬁ\??ﬂgn%@? gone a barrier
ces
[0019] ﬁg‘&}’?‘% SR :ﬁlngdgh n%?fé&%f glggegd 1n\gc£$}d i a’%r {Eﬁﬂé%&fent of the
presermfm\tehﬁoﬁret hod operations of perform ng a | ocal
fl anarization, in accordance with one enbodi nent of
[0020} Figupe 2 shants 4 subsianiialhy plpigo 2u§1bIdgn PREicBAD e A ABIRE avith one

of chem ¢ conversi on and etch-back
embo%P’g eélgtggplé?ﬁfﬁ Y ?8na substrate to increase |ocal
[0021VPighd 4% Nowsd theRGBRFEANEthMridBrodne a e&dond ietobiig Hrbcdshen

resent invention. , _
accordance with one embodiment of the present invention.

g [r;l%ig’nate like

[0022] Figure 4B shows the substrate having undergone a barrier removal process in
accordance with one embodiment of the present invention.

[0023] Figure 5 is a flowchart of the method operations of performing a local planarization, in
accordance with one embodiment of the present invention.

[0024] Figures 6A-6D show a sequence of chemical conversion and etch-back processes
applied to a substrate to increase local uniformity, in accordance with one embodiment of the
present invention.

[0025] Figure 7 is a flowchart of the method operations of the chemical conversion and etch-
back processes applied to a substrate to increase local uniformity, in accordance with one

embodiment of the present invention.



[0025] Figure 7 is a flowhart of the nethod
operations of the chem cal conversion and etchback
wpe@semses applied to a substrate to increase PODEE2004/043912
uniformty, in accordance with one enbodi nent of the
present invention.[0026] Figure 8 is a flowhart of
t he nmet hod operation of correcting gl obal
[0026? OB 0L AblvbRSt bthe Gefd g%[;; £ivh bFe tiﬁxg‘%gﬁ)'am-uﬂf’onniﬁes in
e present invention. [002 |gure
accor@mbsmmtomleln}bodmmeﬂtheq;lresemtrmzamonver burden portion
accordance with one enbodi nent, of the present

[0027] i P shows @@lﬁé}anr!w@uwgloyed,.rgarﬁmfz%wcqﬂamdelbpmiﬂﬁ% in accordance
w1thdtﬂE H%dﬁﬂ&{t%ﬂr% %geﬂuﬁ%?g@gance. with one embodi ment of

resent I nv 9] Figure H A shows the

[0028p&idues he ik afckwlia ddherbihoddgerations iaWbsirdadce with éhetmilodiment
damascene process in accordance with one enbodi nent of

of thetpﬁ%s%tﬂ&@ﬁtOHr nvention. [0030] Figure 11 B shows the
[0029@ %E@? ’sh(l.;\!vi hgg)aﬁ&gecp Lrﬁf‘ﬁlﬁédz s%grng'on%gtgp gjﬁ{)cs{rgtre i a dual damascene

e In a anmascene process 1 n accor

proceddiih laccﬁlﬁ‘r@arﬁzﬁbﬁdi SRMmbRLirhdif oP R RENent iAVETdnoN. [ 003 1]
Figure H C shows the etched sen conductor substrate in

[0030h Fravae 1 b sbaseethe ppitesaed $illed and plenatined semicondegier substrate in a dual

odi 0032
dama:GRACHoF T oot et Rl Bhe By Fieat B ok Preseh b ten
[0031]j F@u@&l 1@ GhdwYRE etchBd #9805 HRBGR sibstiatedRQ cﬁﬁp@ﬂﬁﬁ@éﬂe Rbcess in
he present invention. [0033] Figure H E shows the

accor@@m vithdwe eorbodiment phthe pwdsedt invemtionsk | ayer f or ned on

0032 2R SRR S5 o A PSS HIBEES v,

accorcﬁh%’ﬁv?th%‘ng efhOWSndnl 81 &@g&&&ﬁqﬂ%nﬁﬁnSUbSt rate with the
features forned in the dielectric layer, in accordance

[0033\FigurohkE shryedhersenbicoriductos spbs@s@rmm theanaskdayer f@0®8]on top of the
Figure 11Gis a flowhart t hod erations for
subseqi L HFIFB e o S T R e R Pt PR L egent  VEHion
[ f
[0034{11?%%@?1}9&% thd sen!u@mﬁﬁl r g@ﬁgﬁ%te%lttﬁ]thg '?@atﬁﬁﬁ?(g‘hgﬁ% tfl dielectric

present 1 nvention. 003 Figures 12A
layer, ghansodiahed Weh oue embodifnehbhef thepiesent ddventien.mask | ayer
dth ondyctive material, in various enbhodi nents of

[0035} Rigure sy & 2 Howehkaisiths methed eperatipnsfey e ing e remaiging
condu£t11 We i A aker 1d ({l\g dgﬁfela%ﬁdecﬁﬁﬂ' a4 ABafle FRRIVE &QRS@ﬁgnt of the

equent dielectric I n accordance wt
presenerrbmdtmnant of the present invention. [0038] Fi gure 14A
multiple dielectric |ayers that nmake u

10036 g J2pctbugbr 20 SrocloGnlaa i the TsAOTerBbRmAReyarand the
condu&tﬂ?e rﬁﬁt%ﬁglngn {/ﬂl b Efn%lmments of the removal to endpoint process.

[0037] Figure 13 is a flowchart of the method operations of applying the subsequent dielectric
layer, in accordance with one embodiment of the present invention.

[0038] Figure 14A shows multiple dielectric layers that make up the dielectric layer, in
accordance with one embodiment if the present invention.

[0039] Figure 14B shows a third dielectric layer on the semiconductor substrate, in accordance
with one embodiment of the present invention.

[0040] Figure 14C shows a planarized third dielectric layer, in accordance with one

embodiment of the present invention.



[0039] Figure 14B shows a third dielectric layer on

the sem conductor substrate, in accordance with one
wepdstiaent of the present invention. [0040] PPOUUS20041033912

shows a planarized third dielectric |ayer, in

accordance W th one enbodi mént of the present

i nvent i on. DETAI LED DESCRI PTI ON OF THE EXEMPLARY

Eﬁjﬁ%m%mmmm

plranarizing system and netho now b
[0041@11 Sseerabeamplirywinibodiresnapioa ae improved plosarizing $ystean and mﬁféod will

now e b ot Y S DagERY RGP AP Biepspygpion may
be prJé%F;@d Rithb®Q%ale 28 £ HROPEABR @l 80 fbiPh&vRd
planari zi ng system and et hod provides inproved | oca

[0042@ |Gareamhtrcatiment afan fomproved pkwamsg aystene and m@t}pd@ﬁo\(;ﬁesamproved
em conduct or substrat rove

local BB PRCPGATY RGP POEIORT A TyFoRi P pgete. The
1mprciv98 %capgﬁgﬁﬁ{aﬁﬁ%hff&%%ﬁﬁﬁgnt@ﬂlyf SRR ESlokA HeRGRIFdIiAG caused

variations 1I'n deposition processes. Another
by fezftl’llﬂe@m aeder] ypredujadesnd vapraduedinglepbsitiorppanessész ahnasher embodiment
uniformty across the entjre substr

providhiFaF A s SN LBl COHPLIELR ORHT: Jibsrigassy cdee
umfoﬁ}n%&lg OITﬁ%&y\ﬁ) &n&?hﬁ&&%ﬁg ysemi conductor substrate 100
s

amascene proce i n accordance with one
(0043 rfngdb mashbweh pahienpd eseindnduntoe stbstrate TDRen 8 Wosl deaagcen@@rocess in

has been patterned as part of th
accorgIvarE o DI BERSY ta%ugﬁse%glnaeﬁq&e%%ﬁg““ 5100 has been

B 5L 0SRGS0 8 e

manuS@iEnadrotse) ataekid@abeusedliiddaiternghe subseaed 00y Tag substrate 100
etc.) a smaller, sonewhat isolated feature 104

includas\adpege, samgviiras ésotgws! fepae HPdegerisarhy inckekt %1693@19 rhgmewhat
1S°1atf>%§e§$urﬁi84 Ry ?e(velg’%a alltlﬁresai(g)o ?tn:&le W) p-lé%ﬁec*)@%ﬁthﬁr A barrier layer

erent teri a

110 i$ 8BS idchidedl Q(Be Gbrrier Ca(yBﬂle ik Wi atltyenr chffm&ﬁcmamalethamthe substrate
120. The conductive interconnect material 120 can be
100 og @r@peduc@we e@ip@éﬁﬂe&r mgierial 126t h&he e@mGits pereapnestmgterial 120 can

0044 e of t he conductive
be co RESH 831?1% ﬁ'gtjgt?lf%g 0%%% Q?th%as above the features
[0044Y0%n ov@BurdfBoritd 1106k ugeSnaadtivesierndhmgt hacalal z20lextends above
variations 114, 116, 118 in thi ckness of the

the fe@uemm?d éﬂ4 pé6tangd mnciqctes cme@ﬁad»mg quahzqda‘fagéléwmelalﬁu L6, 118 in

rres daecr
ikt ol R BRI 1 B 5 PEIRRELEL A po g oppsponing
larget cllh%réa@@iﬂ ik thieRddds 6f th@évefbﬁtd@ﬁl pbafond 18lak gbltnba/re& Ilraihbemaller
variation in thickness of the overburden portion
featuiBhid4d whindl has patigeidty frealen vasatiodn Higeess @fdgéwburden portion 112.

The deﬂé’erl? %zst %(%dtfga{t&riég 956 hgvfe at s%(rene%v\fl%{ %{que@i tﬂl%ﬂlés? Vi #bverburden

portion 112.

[0045] Typical etch processes etch the overburden portion 112 of the conductive interconnect
material 120 at a fairly uniform rate over the entire wafer area and therefore the typical
overburden removal process such as a CMP, ECP or etching process will expose the barrier
layer 110 near the large feature 102 before the barrier layer 110 near the densely packed

features 106 will be exposed. In sum, the typical overburden removal processes cannot



[ 0045] Typical etch processes etch the overburden
portion 112 of the conductive interconnect materi al
wazesateda fairly uniformrate over the entire Ref/E82004/043912

area and therefore the typical overburden renoval

process such as a CWP, ECP @r etching process wll

expose the barrier |ayer 110 near the |large feature
planaﬁgg %fveftﬁlrcﬁé‘l:po@ﬁ&{ 1Er oﬂ Y 86ndhdBvdiafircdniectden8®4l Yo the precision

packed feat ur 106 w Il be exposed. In sum the
requmeylpﬁom:alvameeirdannctmducteMC gnerseses cannot pl anari ze

10046) iTe GBS alQPH T WL ledeh ERRtEPEGUIth cge prpodiment of
the prg: é@?{é’% tl&lﬁ OGS d‘%ﬂ 16V 291F %ﬁﬁ:ﬁ%‘iﬂt@ﬁ" §f thk 89&@lirden portion 112.

oOWs an a tronal lTayer 202 ‘added in
The additionaldags 200 tchn be e sedvaiiap planal‘ffﬂl hmtqmlabw,t spin on glass (SOQG),

t Th ddi t [
ol Bt O BT 20T Ry oo ot o

flow @ 8nf b1 ST RREE VA L %ﬁ’%p%%% 1R SRt ic. An

optioil) @Yegivelyldhinoe. gt Fudoued 3- YOcnm abthéckmass combrmarayst B84 may also be
material that can flow to forma Ianar surface

includgd; betwerasthe Rddigigpal dprer abeand GRPNE BWSP RETOn, ﬁ& é@'f copfprmal

layer ?ﬁl T%ness Eu%leia# g/&%ryanteﬁh&l((rglggerm’@lggpso aljiﬁge allow a

contormal layer

widebeieBest Ihiit@ri@lé et canbd udedferth? Addicoehl idyer 202r bur d e n
ID04%xwt|on 112. The conformal | ayer 204 can be a bar

élg}@radgmogﬁl lameredR spd |t]aey@ferb m@lb}%ha\qe%ﬁélpstgly@?fy 1:1 etch
select?\% %Ha? Cg%{lli f}{%ﬁgg E)%/ cstsr(Ergogfas%8§£%@£%§§@h B?ocess) can etch

both tihé duaﬂu@ﬁﬂl 1ayea1)292 22@ Bheav@rbufeen@oetidait iden spisstantiatly fHeXame rate.
have a substantially 1:1 etch sel ect|V|t¥ so that a

[0048] Lﬁgglgq @eshpwg@(,shbﬁ@twla@é@gr Q@r@lrdexbpqg% ¥ 1@ asepdance with one

BB O5EPln BBR T 2 L PSR et g f s

plana® §4FBack @/6r the YREB b falyerd 16031 19N OV 282 sd st aﬁlﬁlh 8 |pkc)¢ess can uniformly
pl anar over burden portion 112' in accordance with one

etch therbdditimeal dayst 20% endrihe sepmbuidend i@ ouer. theertig gecatynéil the remaining
overoB A R LI SOl SRy P LABAL L koA 11, 1. 118

are subktafitial®f &thidtedr ocess can uniformy etch the
addi tional |ayer 202 and the overburden 112 over the

[00493 mx iypécad resdpeuwioult intodve ennditioing thabpewisleradk b esbrseleptivity between

e s PR 0 A B9y ! s B Ghaiion
layer b@@fsgéoé 5YCPInE AverbBEdeR ol 1 21 SVHpER thandhdld d%i\f(etgh a1, F, Br, )

provide a 1:1 etch sel éctivity between the a i onal
based| digenistB0Rosivds etk rav eotsenl denbaiothei SE}0 29 well By copper & allow for

oG RTR r B S0Bb S 2024 Ol v
halogéf réltical&Ean te usBli, CiF4, 1254 HDIER Bipick] BXIke SV a1 process

rate control for both the SOG as wel | as copper to
paranadi¢rowar be adjusted tp ¢amtrol bish dases, selerctivity, wefosmity wind yeduce corrosion
1ncludAeI \t/ar}l%lé%n o? %/ocgésa&anabl];se gl(ljchgas sul? rtr%‘ge grlng afure grtlci #&lusion of one or
more additives (e.g., Ar, H2, Cl, 02, CH3X (X =F, C|, Br, I), CH2F2, and CH4).
[0050] Another approach involves a sputter dominant etch with Ar or other inert gas such as
He, Xe, Ne, Kr, as the primary etchant of the copper overburden portion 112 with other

additives to provide etch rate control of the additional layer 202 and passivation of the top



hal ogen radi cal s can be used, CF4, Cl12, and HO are
typi cal exanpl es. Various process paraneters can be
wa@eljosstead t o control etch rates, selectivity, PCT/US2004/043912
uniformty and reduce corrosion include variation of
process variabl es such as s@bstrate tenperature and
i nclusion of one or nore additives (e.g., Ar, H2, d,
suﬁacg%f tl@ﬁ?ﬁaﬁ%ﬂ c % Sppefli12. B[‘he bther fdddFs cﬂﬂﬁhcﬁﬂé}for EQR5NE H2 and/or
Anot her approac i nvol ves a sputter dom nant etch with
CF4. Either ofothbserprocesses igasn epeciic agertewidgdempgsatupg rangesof hegween about

f the copper overburden portion 112
75 degﬁe?sga(‘?%{‘ﬂéf’ Q&@)&)tq%g@gs i%o provi de etch rate control of
[005 12 HSe @ﬁig'ekdh@ﬁgbrot:@s)é ¢ arr&éh ﬁf&esﬁ%"‘tﬁ:&'gﬂé’d i0dBavefthé Rgnaining overburden
opsurface the remai ni ng copper 112. The ot her
portioadd 2t subetsnGalty llonailmd@narﬁmthaemmaévmt@nﬁﬂb‘} 1364118 are

subst & tﬁﬁg F:]ér?l&}aiecf S(ﬁ@fggrg%g%gﬁ Igﬁe G8 g%;rgct:eg%eg\r/ eil Jeo(ya%g'le bulk or

the méﬁgﬁy of A0 oUEBLER é)gmo[nolcﬁi] A-Eﬂﬁ‘slf étélﬁﬁ% Eﬁo@&is'&n BE @FFiRsl to
etch process designed to | eave e remai ni ng
contimeehdetchian pparess oranlehdpoisuigsilzoh thel dvgrbugdealpoytigl hlrQaﬂS removed
in that the | ocal variations 114

from thgbharries il g |T§16 i sk Sl RGPTOBSSS Cp a]ﬁ% 25% 1@@@ drbgwﬁtbulk etch process.
Subsegp&ﬁﬁqgce%eg GRS fitdidn eté@%"iﬁclﬁ@@s@é@ﬂl@e Brrieh ferfitilaPlid Yassivating

e overburden portion 112' finish etching
the repiaiies sorciaoti temafepihl 20 tb(prc\mnt com1®lwd@t@hd¢1 sfabititclos Surther
to an endpoi nt. at whic

rden por.tio
processiih A1 afdigRpapegPp |ag?r tlf‘i é‘.n_l ﬁ&’ qahibg e%%‘&#‘?fé Jfo Slgm%canﬂy
r &
romo S REANELE0 R8I ey AR U ammts e
Corro§6ﬂ1 end proeideastabilkety foefunthert pxancd;smgsm vat ing the
mai ni ng conductive materi al preven corr03|on

L0052 Kilzgpp 4 ShEWS agosubRiFgEe 109 br(ipe i CrpS S TR CIRRE PIocess in
f
o LA 05, s s
contirfigh Yo ﬁ?raslﬁipbatt%u&mmat ﬁﬁ’bbﬂieln tryeohiduwill beeexpascet atall 1d@@ons
revent corrosion and provide stabjl tt y for further

SUbS“mU@ﬁé sungnepetsad IERguE ey AN RHEn R oL sPRdica terial (e
coppey, 2\(; ngra%%lgﬁ{l&%rbeﬁogs iﬁicncg)%gnﬁﬁtﬁ)% r@d%lgz? g?@sdecﬁve material) that fills the

featureY@Ntli0an106lhe second et ching process continues to an
endpoi nt such that the barrier |layer 110 will be
[00534 E@Gi@@t eighing procewanH dissesabetahing aracgssamir sabriwg|ly similar or

s1gn1fa Pté¥ ?leﬁler nrg %}J W 8, wexg&%ié He f?lgtoeta{mé El%cgs% %ﬁ# Bk laf @tcglng process

opper, cOpper con Ing alloys an

for infpR6¥h S eHe 1@6&:1, lﬂi’aﬁt}oéﬂ”tﬁé ovabaided pygiomdll 2 duatd lothlaton-uniformities
ills the features 102, 104, 106. [0053] The first
114, ]eltﬁc hid e pr evsed bafrature éO%é@énbp%lp@%mg, Sifes @ad §ORCEALIREONS in

under%gwg @ergi%«%’ %ﬁ?tlrF ﬁgﬁ" 10 051 lﬁc’}}e? 925 51&13‘5]}5(1)131109 of Ih%ro%fbugcﬁ)ﬁ portion 112

0ocess can
can b&FGHoWRE iRHRCESES etbBih g ipRAvE Y | cdﬂ‘i@ﬂs@@ ahe gcan@eiching tocess can be

a mu;hggox(;;/ﬁeegegg;}g gﬁrc]:@glg rptrcl)c(zzgs t}qgtz 1embcl)$/est t%e Ibglckacl)f the remaining, planar
overburden 112’ to the endpoint (i.e., when the barrier layer 110 is exposed).

[0054] Figure 4B shows the substrate having undergone a barrier removal process in
accordance with one embodiment of the present invention. A portion of the barrier layer 110 is
removed to expose an underlying mask layer 402. Only the portion of the barrier layer 110 that

is formed within the features 102, 104, 106 remain. A typical second etching process removes



114, 116, 118 (e.g., caused by feature 102, 104, 106
| ocati ons, sizes and concentrations in underlying
WO 200800%349 The entire additional |ayer 202 and BCPUS10006143912

of the overburden portion 112 can be renoved in the
first etching process. By cofparison, the second
et ching process can be a nuch nore sel ective etching

the bpikosetien bhie overfay®s Tineit Bipghkatefind bﬁfér@%?ivﬂ'tmghigms@l@éﬁvity to the
overburden 112" to the endpoint (i.e., when the

barrigrglaygrdd 0 Byeway afpexiampls plobe @yerbpdonsprtion Jd2 és ppshekelogen -

a5 U514 2L AL BCHBE 9899 QB gl e secona
etchifg pERBEs. ITH\WOhELIppréachA Bhy8ibalBf ddnfigaki@Fdh ﬁbcésﬁglg%l aH8 Ar (or

i
is renoved to expose an underlying nask |ayer
othergynble erHaet gribapedotputtbieprioedss cay bd uspdr VaLioug pratess pgrameters can be

. f i1 hi he f . 2, 104, 106 in._ A .
adiug Gt O SRl o OB vl ERs PR IC s P igiuce
adjusﬁ'&lﬁ_tpk’&e@s/%ﬁlb[dﬁ Q0cH dLsudbtrdte Biinpepdt@re dAMANLE 6f &B&Ne&ép&i&%} and
a ni

. | h selectivity to the barrier layer 110. By way o
inclugign @g pae of morchadditvees eied &2, P3r At,dte, Ke2NesKe epsple rThesarrier removal
hal ogen : based cheni st.r e.g.,.Cl2 CF HO, HBr, .
procqhE 45 T b BRBRRSEET T heiebfidyshithroush Bt abBiobr R gelection of
chemiNtBCBPPefetaBlyARAINE thARRk graﬁdih & tROYedre@aby 192 d8Mtier layer 110
et ch process such as an (or other noble or Inert
with espmigasied Appuenriate prdoindependent ehdpaigsignaldaran dasollected to ensure

rocess paraneters can he justed taq control etch . .
comply8 BER A OF BFGuEr D i L s it fen, frvcainefpuontical rigsion
spectfBopyetmguaAdat Bk g, pr ocess vari abl es such as

substrate tenperature bal ance of reactive species, and
[0055]nE Ewrsi Sain adTovenhert 00 b the meltiod opaaraticns .of perfeiing 2 lodat |,

He,.Xe, Ne, Kr, etc.). The parrier renoval process can.
planagalion, i PWQB&;HS‘? mf@d)nf OIS R BR ATSSERHR Vg tigP o degmeration 505,
e o P P T B s Rr g PGP 2. I operaton
510, tharfirstextcH prpeess 1d 4pphiet o teéneovealinemajatiey ofAhp ndditiomd] éayan@02 and the

i ndependent endpoint. signals can be collected to . .
condyglivg P@erg’BFF{?Pél"ét?% 2ip OgFrafing g b dhisrereheteh progags is applied to
remo P& r8fain®YeverbhRleE h 61918 tredh gston

spectroscopy techni qgues can be used. [0055] Figure 5

[0056]dn an faltematies ¢émbodimeht, bheratied Hifdcanpdsoanélads a fihish etch process as
erformng a | ocal planarjzation, in accordance with
descripig aB0tso RSFAUCEE PrORRSSEY AfisE e fmitherieh eant inplude prlpeitvie drrier
o390 b A R S 0, BP0 o
provitihetabilitysfor étircier praesssg. i &n apditiored op&rati@n®ve thenish etch process
jority of the additional |ayer 202 and the o
can b GrigRed e QY ERIGGRRIBHTeRSY e ABnMatesial Buj opjyerassivn tgsmaining
oS RSO 120 04 SRk B L TR ocesin

[0057] Fagfigs 6A-GNstadv @ sefichsceofilisMibanBditverstpendtat bk précsses
.also include a finish etch process as described above._
applieg fg deyligiate pPG Exigsreasedoea untipanity, in ageoedappe with onpembediment of

the pr%@n?ﬁ{vie}{{forp. a'rpifgin%w is a flowchart 700 of the method operations of the chemical
conversion and etch-back processes applied to a substrate 600 to increase local uniformity, in
accordance with one embodiment of the present invention. As shown in Figure 64, the
substrate 600 has a substantially non-planar overburden portion 602 with non-planar surface

profile 606, similar to the substrate 100 described in Figure 1 above.



renoval and passivating the remaining conductive
material 120 to prevent corrosion and provide
w@r@biordssy for further processing. An additi onedT/US2004/043912
operation after the finish etch process can be
desi gned not to significantll renmove any material but
only passivate the remai ni ng conductive material 120
[00581 Remrﬁngnbwct@ Fl0gds®B a7, i 6dralgorS108) h bditibRd1 1dyef &blﬂs formed
proceSS|ng [ 0057] Flgures 6A- 6D show a sequencé of
on topgfethe eXeTDRISRY @p=ion$0an The edditipeat Ikaypr 60tmey be dpﬂmsnetﬁ ot formed on
e o GRS 507 10y b0E SRR UL Bl LS 4 o roumed

accor nce w

throughrweteintical .cofrvedib@ of a tdp-Roft! poywdiasttthe Q&Iergﬂ‘xrd&hsoﬁ%ﬂ %@ﬂ If the
operations of the chem cal conversion and etch-

Overblpfri@% B9Eiey 08833 ¢anper o eopperdloy ahen 5omtrcdledmpmseeto| aag:aalcan form
A O A T T
layer @AbSEHe&iogp&Q@adﬁﬁﬁ lﬁeﬁmﬂﬂﬁﬁés&ihﬂoﬁh@ QN tRL 3P copper ovefburden 602

over burden portion 602 with non-planar surface
to conpers a tef pertign of thetchppewystbuades 6!)QOP1m:ssxes fmathemlcﬁl ganiversion of

oy T\ By 0 80 e koo
Volatlht;ﬂ)ﬁ@rdlﬁkefoﬁlﬁﬁv%%&tﬂ@rnyoEtcﬁiQié anﬁ@a@ﬂﬁhﬂérpgfradé?ﬁ’pgr Journal

| ayer 604 may be deposited or forned on the ov

of Elecﬁm@iampab@gcwlgylék%@l1bG6é&§iﬁ323200t2he addi tional |ayer
conver si on of

100598 ey St R afd et s GF chorbesisPonis oBsbe overbiiHen portion
602. ’IQ1‘éQTeJEH§1E<1:@rIaﬁ9 b4 04h RBRiaE 8 gB ¢la ?Icaﬁp&&&e ﬁg‘l:r%ingt 88sited on

a controll ed exposure to as c orma co
the overbuxsien partipngddct | ayer 604. One exanple is a halogen

t hat f i de |l ayer 604. The copper
100601t o EpePeEsgion TP IS Bt R Aotpschs Bicktrct samplied t

remové BRRRAUItRET 1RV GBR. @xg]%orﬁgn 6PMmY %R/Erb?rcfeﬂgﬁﬁ%rntéo?'}né)}r alld'be

copper over burden Processes
removegh nkemeyiog thef additivpel lageres0k mesntts imnfutrther suftening UL, Planarizing) of

I
e e T L .

the congélgg'to? gmghcgl%ﬂ)u c:leﬁg%g?%r?éd? ﬁgfuzﬁ@g %&%ls%rt]ﬁg Gdgbstantlally 1:1

etch- be{cﬁ@EB]:tl‘hty wit tHearopperaovplberden@risiob 0. aDddraticy 05 @84 710 can be
osited on the overburden_ portion 602. The

fePeate@éB%‘%‘ egt&eig?satyérlb%@wa@& RlanarTe fe oxerpardprpertioayhd? to pubsaquent
proflleﬂfd)éj ﬁndi BYEF, RehO\Yn ALPRELIEY At {hla??s%‘étﬁr{g#ij N 18, E‘g)r gq\]\? ally planar.

0060] Re%ler ring-now t’o Opéera
[0061] Glhenacal ebn'harham bf goppeeserbidapplrties 60D ufi hdpB@ependence of

addj tional |ayer 604. A portion of the overburden
compmﬁgf #Wﬁtl%g&%y@p%}éy Hhigved by ngld12|@]ﬁ1p|qquqr[aéthe Cu-reactive

s eUEt B0 BN Rl £ 0 Bion o

elemenpxb cbpp‘m t®&d2ofiper psrapound iltbcoppéhia APposhidlel F&dation state. By way of
antial]y softens the contours of the overburden

examplﬁo‘?’?%%ﬂ?“@‘tfé he goppgL 9 AupERwscerrruarie shlgsde (GG a CuCl2) at the surface
can occBMRSE &RbhiAl i)MSI‘i‘Ia at lower temperatures (e.g., < 200 degrees C).

[0062] The etch-back process involves reduction of this copper compound to another chemical
compound capable of being volatile and thus leaving the surface of the remaining overburden
602’ at the fixed substrate temperature. By way of example, there can be a reduction of the

CuClI2 to volatile Cu3ClI3 in the presence of reactive hydrogen species (e. g., H2 plasma).



et ch-back selectivity with the copper overburden
portion 602. Operations 705 and 710 can be repeated
woredosiopd3ed ti mes to substantially planarize thePCT/US2004/043912
over burden portion 602 to subsequent profiles 606" and
606", as shown in Figure 6Dlluntil the resulting
profile is substantially planar. [0061] Chem ca
Alter§@Mgehs siipe-Qbp&IBRIon 0¥87oR Yo MG He 8y dttPPackQd thd tdrvéitBdportion can
shape dependence of conpound formati on can be
lead tp ﬂvpﬁ@@moyalazfﬁh@mebyv gt peigion 662,gdpisesimuttacously planarizing

Ve S interfac r oxidization in
the top?#r&&? étgar%rgplggﬂﬁiﬁc?f)@&% oge@gﬁ%@? conver si on of
[00633 £ aFata@bn 2PN Rethe b0eBufRR @%ﬁlo@lcamqya%s%ﬁmfﬂeﬁﬁfzea Mthéh the
positive oxidation state. By way of exanpl€,” oxidation

methag¥ optehasions spér Alterngtiprpug in @er&tmpr?lﬁ thé bverbueleft Go@loncr02 is not

substqR 7 bPnatia P & et oBE Sty Gufiot SestitpBalS foanfe In one
embo&ﬁﬁéﬁt Qﬁféi‘aﬁféﬁ??@ﬁ$ 1% E‘éﬁoc!)déﬁﬁmrs?ﬂ%mlﬁ’ﬂ si%%letéi‘élﬁc}ﬁﬁﬂn‘@ "Tn an

onpound to another chem cal conpound capabl e of bei ng
altematm‘veattmb@ilmnmt pprrstidre@M ¢ag deber exusith aoe caxf inchge BSiRomiowgdown

burden 602' . at the fix bstrat erature. B .
force (XFP BiOCESSan A dehiel e st Gl P e 0L PBHC PoiRe S epahow in
Figurd @pvol atile Cu3Cl3in the presence of reactive hydrogen

species (e.g., H2 plasma).Alternating the
[00643 ﬂ“ap maﬂhxp:cbm}beattons desceibsd onFigotes 6AeTicdmbeatsedh abaplanaf bulk removal
er rtioon. can | ead to bul k repoval of th
PIOCG%S&E S Eaﬁhdﬁwaﬁémqn&ft DDON-RRPATO VETOREHNAOSERS Y2 and removal
ﬁpgfrtlhg SRRYrgehy (e.g., profile) of the
OfﬂmQh' per obggggﬁg ? 6%%) 0063] In operation 715, if the
[00653)(1‘@6 beoatiplanmivation of he2ubsirasastdH0a600 cahlby dpteamated 2dugh any one or

n the nethod operations_end. Alternatively, if in
more 9&:9’9@ 6P v yer (Rickpess reARPiRgncgBolqeis e 2rg gl in the art. By way
t I )
o ex AL RLBNGE o6ty LRSSk, TP 00 SRLAL RS 112, 12
as desofileeceini consnatlpowhed U RacmuApplicasioh 10/B28 /911D eftittdd§séem, Method
etch chamber. In an alternative enbodi nent, operation

And AppgratusFsddn-Fam Sybstrateigesh Sepaatianddsimbddy Chgantdyfpotkis et al.,
filed Jn] anagﬂgggy RO IAEY $, q»a@eq%e é@%ﬁc&tf&ﬁ @%ito%@t bah&ys,ysé%n And

en portion

Methddl&ﬁ&}letﬂlkesmidmﬁeaﬁﬁr@ﬁd PpRgphie Iithib @dMuﬂ‘u—Elt@lSsq%eﬁA bk Gotkis
can be_ used as a planar bul k renoval process that

et al., gladroy $apieRas 191 i zation of the non-planar

th k of th
(o06PYE; RRIHER RTINS AoGiop a7 Ry ol yafout plproaches
to subaﬁnﬂizﬂgf St btirey [86al 1SHerD@petdant Bon-der@hiiieksid anfvert@iiden portion.
any one or nore of several known | a%/er t hi ckness

Howehé‘dpﬁlﬁﬂgdﬁ é@%%@r%‘gﬁ describedtin Figuresnlowabave dotrot alrrpctlyaddrm

correcﬁén Sﬁ gfeggglen e 1 \}g%%ﬁl@gi %1? gpﬁérﬁm@iszzan ilicéuge \éanatmns in

removeESi6dsi i @htérinl OMBRBAYr OVAE duldirdte a@@bﬁﬁ&re&%fﬂe%@é 8fthe substrate

10/ 328,912 entitled System Method
and other non-uniformities that are not localized phenomena.

[0067] Figure 8 is a flowchart of the method operation 800 of correcting global non-
uniformities in accordance with one embodiment of the present invention. In operation 805, a
substrate having localized non-uniformities such as feature-pattern dependant non-uniformities
in the overburden portion is received. In operation 810, the localized non-uniformities are

substantially eliminated such as through CMP, ECP or the methods and systems described in



And Apparatus For Thin-Fi|lm Substrate Signal
Separation Using Eddy Current by CGotkis et al., filed
wemobensaber 23, 2002 and U.S. Patent Appli catPOIUS2004/043912
10/ 251,033 entitled System And Met hod For Met al
Resi due Detection And Mappit@ Wthin A Miulti-Step
Sequence by CGotkis et al., filed on Septenber 19,
Figur&dP7 -abBQ@@@ngHiﬁer'ﬁétW&Mniﬂ@ %.@u&%ﬁ%ﬁ? ednb¥ing the localized
Figures 1-7 above descri be various approaches to
non-ugifoshidies ferhdsye sbistantiedly] logallyoplaharized bveburdde pertobardich as the
n-uniformties in an over urdegggortion. However,

no ]
planapgschRifELfien BYLPR AE2 RESWPiIBERYH BPYires 1-7 above do
[0068] %gtﬁé DRELWY a gggtﬁ'{é%llg Qsirn‘ic?\/“eﬁ,' Bndze@b08Bhrden rﬁ)ortion 902 in
nonZuni formties. obal non-uniformties can I nclude
accordarce atithoore dntbadéxmentalf thegiresenoinvemsticar iTdle substhitéallyeameved,

of the sugstrat,e as_conpared to the edge of the
planagzgk@estEdempersen 8P2 panbe miet VeV thidoviepirdeay RorHeR such as a few
j : a. [0067] Figure 8 is a flowhart of
hundl{eﬁé%%ﬁ%ciﬁgﬁg%?on 800 of correcting gl obal

[00690 G uperhidomB 13, else subsiaate asithane plawdrized onerbardeniortuit is diapped to
. the present invention. I n operatjon 805, a substrate.
identifypand@rant Baany-sebal sau-ypifemites indke Blapsizgd overburden portion. The

pan R S A AR SO ETEFE o I g v
thickrescalappiag tsvhnologict danhicikaswarie tieusisadebtriiddyabove. The mapping can
. elimnated such as through CMP, ECP or the nethods and
be in gi{psvefn thesurienbRIOPsECiambes) arex siydoremal Wrifie gumait process
hed . ' t. i ally.r V t
a5 A bl dcop RN R D
processes & beydyplaancdllyz@fhs@des e Wdsequeritpredessed po@ssst he

ilanari;ed over burden portion 112" shown in Figure 3
[0070 b operatiqyo@Rf), tre lgeationgng uewsity of tislehat nen-tyiferantics a3
e I TN e R R

proce%sottgsadwsﬁhg lah ¥toh@ipteckss ) /Idpdsk BRGpEMEE ReHuiemeRRIdfitR detected

can be a relatively thin overburden portion such
globalgrpnaurfi fogmitisdn edinashigeiel presess rBY way Rhexssipl¢, 00 @8 remaining
eration 5 1the substrate.wth the .planarized
overd 08D Bl P05tk S PLRR o Hodetal Py ' Girenaapo
angstrdfhg tBicR balthd\@ikeliteh eleTedib&ar te 4di@stdd ORFAA @ik center to edge non-
over burden portion. The pl anarized overburden portion

uniforgrity 498 bemppwdnspitadionsnthenibe entineariasfayse V£ will ke oxpesed
. | aver. thi.ckness.mappi ng t echpol agi.es ,t.hat .are, known in
simate S U1 RS TEBRe AR sV PR AL Rty 4RrBncT RGe tfoause no
mechdnidall Firbe IshPphéd toaht sisAeR T ria ) AN b&K BSceBbt U

(external to the current process chanber). An in situ

[0071 hdppiasipep(e goeskcicd vakibsof precady mamdiblesh that &l detentefdds seléngive to

ARSI BECEEIERLS b AN Sy ol o0 a0 T
coppeB @Yy, d @?ichp&?éciti‘)ﬁy gﬂsﬁge BHasPpbt YR bvdrMardHr @& in these processes is

non-uniformties,

greater than about 1 but less than about 3) and that will minimize any recesses (e.g., excess
removal of the conductive material 120 in the features 102, 104, 106).

[0072] The finish etch can have relatively slow etch rates for both copper of the remaining
overburden portion 902 and the barrier layer 110 to minimize any recess into the features102,
104, 106 with respect to the remaining height barrier of the barrier layer 110. As a result, the

finish etch cannot have a very high selectivity to etch the copper.



determined in operation 815 above, are renoved in a
substantial |y mechanical stress-free process by
w@ojosstdsmy an et ching process to address the sPeEDU$1004/043912

requirenents of the detected global non-unifornities
in a finish etch process. BB way of exanple, if the
remai ni ng overburden portion 902 were approxi mately
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selectw[ﬂdolﬁ]ldq Yeagtie holesa speciRssoncangieBer subriyater tempstature,Bnd bias

power | oss are non-uni form across the substrate at

[0075] Figures 10 through 11C describe the method operations of dual damascene processing
in accordance with one embodiment of the present invention. Figure 10 is a flowchart of the
method operations 1000 in accordance with one embodiment of the present invention. In an

operation 1002, a patterned and filled semiconductor substrate 1100 is provided. Figure 11A



the end of the finish etch and final etch-back
process, then additional variations in the recipe nust
wheoosakam t o correct for the gl obal non-uniforPeT/U8204/043912
By way of exanple, typical instances are a result of
etch non-unifornmity are deskhibed as center fast or
edge fast etch rates. In either of these instances,
showscthe pattsrued andfiled/seniiedridactor SubSERABEN 00 BEL8Sal AAFaSene process in
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accor %2‘03 SRS FMDSdERRI OF the Presentinydnaion o A he gndastyangsubstrate layer 1102
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tungsteﬁ qmﬁmhh éridvesk TIBliebH Atride) et*ar)wﬁbrhfadﬁﬁk‘?des@aﬂﬁ 8% Beakardis 1106,

copper level in the features 102, 104,
1108 &Wlph 108 Asepsclayeri 0 daled inlwded The magh layearslﬂ 1Dss typically an
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to the dig qctqceshlb@tfzm material/ahs will bndescoberbintmare dselildelow, thy mask layer
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within e %eﬁ@cmg@nmamnfaenmg mocﬁssgur”ﬁhemaslslayerfnmtmbaﬁtén fofrmed on

ion 000 in accordance wth one
top of foAKRbIAC IRRIot BREechig Dringasi(e én o proresh t@emfﬁmwam from

physicdlG@d chémpal &eﬁﬁ dn abeddeh C
1100 is provi da(ragg B Sée ﬁg%g& eﬂﬁgﬂ rne %ﬁmlude

multiplejlpyesyasswii bﬁdﬁﬂﬂ@l@badrm snlys tetail beljbwoo in a dual

h mbod f
o TGRSR e LGl St Mot 12
(e.g., cOpR2, doﬁﬁértﬂlil%§ oRBtHEX SSHRLA v f@&gﬁéf ?ﬁ% ?ﬂg %fl}&x%Gﬁu aéwl 1120 has

exenpl ary nediumfeature 1 e’ exenp
an une\gmmv]erljuedﬂnmcesomfw&ed beveshdbfehtuadsel 1|06y131081311821 108 Rimilar to that
describi ‘2? de l.owk dielectric material. [0076] A liner

PAJLFeIFO42R0¥ey tantal um tantal umnitride, tantal um
[0078] i bk bSSaSrPEHRL, (HoWe BRI éoxr MB%?&?TIO(&S %‘ie{ngﬁn%% Figure 11B

iridium Ti-silicon nitri
shows t@g(phtt@hed liglefl @ad plansriAHQ6michhOctamhibdttA0 11690 HesHud a¥@hscene
al sq_included, The nmask layer 1110 is
process 19 6F“c°:£§’1“&96 Jithgne ganbodippest gbthsprefent ingentioay dihe wseenf eerburden
atter
portion oﬁ"gglrﬁ‘éc?fl&ggé‘ﬁﬁ 912&%}21612 é %(% R%Sﬁoven s?atnlfial fegrbovgg iR g bujl remoyal and
plananznhgprmsﬂs shiely ey ddserilosalris iFtkeired] &Sodgﬂ@ﬁﬂo@@' AtOMP§rocess (e.g., a

low d é substrate material. As will be described in
ow ovm) fcg {\)g? Prosgqs})wn glspbe et tq mmave the bulk of the overburden portion

of the conductive fill material 1120 and planarize the conductive fill material 1120. A
minimum quantity of the substantially planar overburden portion of the conductive fill material
1120’ remains after the bulk removal and planarizing process.

[0079] In an operation 1006, the remaining conductive fill material 1120’ and the liner layer

1104 are removed to a desired endpoint (e.g., so that substantially all of the material desired to



1110 can also be netallic and/or conductive material .
The mask | ayer 1110 typically has a higher-K

waele@seodsnd ¢ val ue (e.g., greater than about 3)PCTiES200HE13912
other lowK dielectrics used within the sem conduct or
manuf act uri ng processes. Th& mask |layer 1110 is often
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. in Figures 1 throu above. A cess (e.qg., a
typical Baphdbur o dureanpipededserera sheus D feSud By b ol rte
s 6, 840 S QORISR PSRN gt
achieveatselecalityl d24boul 0l thienhimer tayant 10dyto dtie substrate dislesinid layeryl 102.

| anar overburden portion of the nductive.fi
d1fihend

. ¢ , N . ,
Theref@gg, & fypical 307 opapifnssthaingilays o G aterial 1120
are oftBh RSV YA g‘%‘%&? §urf2{cg %F Bl Ihe%k_qgsie? REIRE6Rnd 89 Bnddsh@ble trench
remal ni ng conductive t111 material 1120 and the Iiner
or rouhdeasdgd LRdsiiorebétesay tha thaskdaydesid d cemdipptivamageriag 1 12 o Further,

t hat _substantially all of th terjal desirged tobe

o O o o b B e R4

actamBSRTBL 15" oB RS ol BEARAR PRGN o shoarng

forces $@Ppheanmhé esmisoiidictoatsabstrh@01 100 by thkigybicd @Bt poeess. However a

_process in_accordance with one enb?di nent .of the _ .

relativplydgwrdowm{rser CMR, foriraasrlepbithedovst fqreg leseden ﬁ‘?méﬁ?lsdoes not

. L.k [ ' | Y o

e S B Lt WREGRLE Ky MBS Koyl e o

materi@f rebdt® al ONAnsitionsehepméadrloatk thi2fialsiand ethenmaidrialsoran be especially
slightly dished relative to the top surface of the

vulnergll jfo Helpayinatipralug i thepsplat wdk lovhedhepgRichrpgiegsiies o many low-k

materiﬁl%l ective to the nmask 1110 so that the mask is not
Substantially renoved while the conductive fill

[0081Hb&/EVEY, etbh pcebses, lsacyede désrided Bt cart dvhieve rmietvhrsglectivity of
conductive material 1120' will be etched away until

about 16rd theiken layesrl 184 wothp snask bave bt [0 ithpul HepRFERE ghearing stresses to

the semiconductor substrate 1102. Etch processes can thereby more accurately etch the liner
layer relative to the mask layer. In this manner the removal (i.e., etching) of the liner layer
1104 can be more accurately controlled and a sharper edge transition between the mask layer
1110 and the conductive material 1120’ can be achieved. Further, since the mask layer 1110 is

no longer required to be used as a CMP stop layer, then the mask layer can be much thinner



[0080] In typical prior art sem conductor

manuf acturi ng processes operation 1006 is perforned
WaRaok/0z3@VP process and the mask |ayer 1110 i SPUEE/2084043912

a CW stop layer. As a result, the typical mask |ayer

1110 is required to be thicKér than about 1000

angstrons or nore. The mask |ayer 1110 is needed as a

(i.e., @FtimhapoltEdsOranRaeats@r ehfildéd AioaeMas FurtdN§al, additional materials
ically achieve a selectivity of about 10:1 the

t
can bFiX‘E%CF insigye pf thedurditioneheMilthen matesialdi Byeway ofcxbapls, the mask layer
1110 1:;(19 ﬁ]clqd%ga}eefgﬁg BF lower i(yo?%aéglfiﬂi%\(gﬁggsgﬁl? I '8@ %Egl;tapnz?!%hi?t%;ent ratios of
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semicopilyctpmiudptraie 11 eMholighre Milhshomtsithesenietndaetor kahwirkte 1100 with the
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subsegeané drelectimlagiehi 180eanmabidera loete dieleviricymarérialb e sdBkeduent
er 1110 w t hout

. he, | i r,.l aye 104 tq the sk l.a

dietectiCIayel 08K Slsp e MariBetd e dFathes W Elmutisig e dAa-C below.
00833 ub gl i : t - -
00833 A0 SRRk %0, B BLBEEESS 6T LHROE Ny IR gy e
layer 1 E3Peas showntiFigunahiigr Fighee Fl@hshoals td seeniconaictot mghstrate 1100 with

t i l.ayer. 1104 can be nore accurately controlled .
the m%%ﬁa%ﬁrgﬁ 7 B@%eg@géo? Pg iSEPSAUGY digdestric leeritdgR, nageqrdance with
on oHRAABHE  pRRBHEL B S L a0y B s s

1130 todregettemed fior st sdqueinadew e domsativon Ghfieesscop | ayer, then

e mask |[ayer can be much thinner(i.e., less than
(0084} B opsswyioiiey tieshelentielava het0ds ctahedsigdome featymay § Hds 1136 and

Al o : . t

113 kb S RIS up g iod 5 AU BGR, 51 o

1138 fwarnkd imethe dieldctic tyer 1130| indeco@yitde(with 6de drlimbnt of the present
I.licate glass materials containing different

inventfogy | §8¢ ety [ n 1 L3 Bk 38y interenieg vty e yrdedig conductive
| ' o : " . o
fill ma%nq?%m‘% t@@ﬁf&iﬁlgg&ptg{t%hﬁo M4 Bg fhd y{@:‘a’%%o% abGve.

such as crosslin enyl’ene " p )
[0085 Bt dnydpesitiomeldd dj the Goutires 1 1BAd1 0y as 11388k hIRD B¥ IR &th a
s the rranly porous versions of these filns. The
1

wel | | . .
Condu?tévcﬁfiﬂ?e}%éﬁ‘rﬂal-f Briling fop feptyras ki tap 1 Pegnsk 1188 viithathe cpaductive fill
materi8¥GAlaldthelAE | Binb DRy dATES E0E interi

enpat : éar Re S Ca@)r%ﬁfng an quI%B]qatg lll’l%lh ﬁyeralqﬁé {8 interior surfaces of the
features. The method operations can then end or the method operations can continue as
described in operation 1002 above.
[0086] Referring now to Figures 11G and 12A through 12D for a more detailed description of

the removal to endpoint process described in operation 1006 of Figure 10 above. Figure 11G is



l'i thography and pattern etch process conditions. This
i nvention enables nuch thinner filnms to be used in al
weamssTsenpared to CVP as described above. [ 0082/US2004043912
operation 1008 a subsequent dielectric layer is forned
on top of the etched sem cordductor substrate 1100.
Figure H D shows the sem conductor substrate 1100 with
a flowttersafibe ouetinid apiegitoat 1065 foayahiovidsdthe rbrﬁalﬂﬁfg%'oﬂéﬁ&ﬁze fill material
W th one enbodi ment of the present invention.
1 120’3%%1@ desred cadpiak dn pecordapes With 3oe emhodiment, d’fétho m)eesgmt invention.
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10 YRR LA ARl e 08 FE CRooh ks P il A

has a Ydnigb 0O PEwRBR ABbUTRBD a8l SO0 EnREHE N Beb e el Bk 14 h:‘?%l 1104, 1110B
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are noQEgsr Irwmgzdd@ b GAVIP\stopflayers, et emi still teT2Movédby éteh processing much
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fill material. [ I'i ng the es 11
k nitridg ggoxide forttheir stoergtic of ehenficdl resistinee padperties. Aligide and oxide layers

rave o8 AP oS SR SR 4 Rt S A S, 0rhe
mask OB IoWNR nSASidl BEBnRRd AldcthbelBhHRd Operations can
continue as described in operation 1002 above. [0086]

[0088]?5%@1’6[ 12y slrows 2 detril gl thesregiofs1 200ofltRAendpeingbf the Bufsahteal 100, in

tail e cr| on of the rempval to endpoint
wccorRe wlE oo PG AT G5 gFesel i cTO5. BHevks i Shangs another detal of

the re@OPYL00 & @EERY 1§t bfthe ShOWERA 1000k L0GaTRENAH, ope embodiment of

operations 1006 for renoving the remal ning con
the prasgntl innentioni Htchid@ Chentistriek eardesmoechcendRb) s!ﬁlectllvél than CMP
th one enbodi nent of the present

proces EURIRGRort Hsdpa esb koeh| bddheane cipetieds beprilend the
conduévelMfefifd120° 320t Qiffe%&ﬁ RBSHOowWAY $ u;ﬂ}é%% a@g rréhl?‘lask layer 1110A

conductive material 11 , In van
can betetahed antilsubstaotiaiygeinrwitipthe tiassl 10008 Tle AmdsE®M mAtBrial 11207

(i.e. tl‘%ﬁf rngg gég%gﬁragp%é?@t zré?o)%tlérrlla%)\//glgl allcl)vlvodolwr;lcflolrjc%eél\/ﬂ) buff could
also be used to remove at least a portion of the top mask layer 1110A. One advantage to this
method is that since the top mask layer 1110A is at least partially removed, then the top mask
layer can be much thicker (e.g., greater than about 1000 angstroms) than typically used without

impacting the overall low-k characteristics of the material stack.



and 1110B. As described above, in prior art CWP
operations, the nmask layer(s) 1110, 1110A, 11108, as
wappsioaid e, are typically left within the matRCT/EE2004/043912
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portion of the top mask |ayer 1110A. One advant a
1100,tim pecoigarise gvithsonerpabogiment of He Hrei?nh@gﬁntroay ehs $hp i‘lgum 12D
S kM
the 111%65%11@? and Qcﬁ c{uﬁ?lé%(?ﬂl a@ya?f%l%dr g etgﬁﬁ]s{gﬁﬁg oﬁ?lsli@ggépth Ah” is
signiffABGY FiBad Adenpayd all’y naedmahidh o dishipgdepthdht’ en be less
overall lowk characteristics of the materi al

than 2500Rstf@089] Fi gure 12C shows anot her detail of the

[0092;%19n é% %sga(l) %8{%/ﬁf1%‘ﬁ%fe tgnﬁt[}ggh @eorﬁ%; 1@9? %6(%’(‘% %@k@né&g gubsjeauent

d1elec't1%/ Bt PIB0, ASactBRMAcd WitlrbBdE@bddfaent (Bf&h& Eﬁséﬁislkvelna@frerln an
can be corH)I etely renoved by an etch proces
t

operame HPQ3. the dintertricdayns|143Q isapplied totfhe serdispnguciRy sipsete 1100.
Flgur%?iyﬂgtsh%vlvé[ (I%%'ltlplg %1e?ec?nc l%ygr% (ﬁf’O G312 k[’h t %m%L, ﬁﬁ e &El%&ng rlayer 1130,

in accordance with one embodiment if the present invention.
[0093] In an operation 1304 one or more non-planarities 1414 are identified in the dielectric
layer 1410, 1412. The planarity of the top dielectric layer 1412 can be critical for accurate

lithographic operations (i.e., masking and subsequent etching) such as described in operation



etch process. Since the top mask layer 1110Ai s
conpletely renoved, the top surface of the remaining
wore®k/orayer 1110Bis slightly dished a depth of PCNUS2004/043912
bel ow the top surface of the liner 1104 and the
conductive material 1120'. THe di shing depth Dh'can
thereby be significantly |l ess than Dh described in
1010/of Figuee 1@ Abeeo B a tié;ﬂ@eﬂ Pliof b psdce&Sthie fdt@QhRkAdRs of the dielectric
processes described in Figures 1-9 above can renove
layeff’c HelOp A2 B1usiole Wb?éweﬂya@ér(e 21 1oa thanisbpet 16108 ang@rom@ However, as

will t@%’egér%gdﬁlglﬁgrg }1&1)%1%)% ﬂ% (@nlle%tltt}]%{lzfyg?sl ﬁé QI%@ g%ta ?ortal
thickess st sighiiic aﬂtl}lﬁiﬁtéthﬁﬂ}l hbofit 10OPY el?%@troﬁﬁ € g 2abRNAHGH bVBore

material could be used for th barfier |ayer
angstygnash o By \gﬁb@fthﬁg@qﬂ thodieleettis 14yiets leldOfaeétlétfésanlmm -on glass

(500}1%%0 oH a& 1p 1\9§ é‘i’f}lﬁﬁq H}? n(ongggnq%gg %55‘8%{06% aXc? substantially

ehnuﬁﬂggtrons) The underlying mask | ayer 1110Bcan al so be
omtted (i.e., the underlying barrier |ayer can be the

[0094 dnenethergxaaiple she fiest élﬁbstrtcala}aer]liwicarabﬂja tovek eltdtetctnc material

il BEOES SR AR Ml b, BURBL LS I Er a1 Wb

materifl A B/ wWiyeF SXURSId, Sb@ %téﬁﬁélnon%%ﬁePéﬁﬁ% g&%@m for each layer

process can be easily applied if the sem cond
of SO§ubstrate is already in a plasnma etch chanber such as

100953 5% s SFesAOR L friee v ERlFIscivs ass Berddpdisoiey Sepigapductor
substrlu%[l 1900WSo 81 4BRABNER tilRE (ﬁbiecﬁﬁ 14,26 14896, ejsglg%oﬁﬁ%ét&esubstrate

end poi nt of the substrate 1100, 1 n accordance w t
1100, om ecoondiemd e tht omfemﬂmdlmcrezoé tite preseeninivertionASThe hisinddielectric layer
t he er ;1104 and conductive fill materi al

1420 3o et I iy HEhEARA9RG IR ToAucc; the non-planarity
1414, SAQEHJWI?E?@HOMS[}%I o dg4 1®5is § iz %Ie‘g? an ﬂ%f;lh Qé ity 1414,

manner the di epth ess
[0096h hrys opﬂrstlm{ ORI92 theFdigleteic lzﬁfersSM«’iOI 1418chd r1t42@ﬁa11 teplanarized.

Flguregf%f gl'eq\ﬁo a&p aggé}%@dfég&%e%{qtr%ﬁl@%&é%@éﬂ \%pch:g%%g l\JW?tr}]ltone embodiment
of the ?@%@1% 1H€éﬁt eI eEﬁnBr ayer tiiléi gﬁfd (ﬂ@lecth? 1%% ?Qﬁ{ 3L h Qs after the

t he tri IS a
planarsmnipn opelnaubmr Theipharddadod dbP&ratibh gnrte Ay;ie‘kﬁ\&ﬁltable planarization
n%ltlgi dj el ectri.c laKﬁ’S 1410, 1412 that make up the
procetgilge 1&?010% W forepCMn s draMIBrigatian. efke-

[0097Ffftmﬁ'mﬂgg&gbgﬁéﬁéﬁgﬂhe J%Yrﬁ@tﬁc}n% e rL%en%%]b]}/ ZElileo%ﬁr%tlons in any of

oper at |
the abowhehgurés e@ ron rdguired iebeepdridrtel &y e otdel Aluskdied; anthBat all the
planarity of the top dielectric |ayer 1412 can be

ProcesSIBF ISP G by PR mhbg@tah?meée%w t@praghes t@p inyention.

e S de cr | in
FuntcE R A0S JSBPSNEDY UURAL sBUER B JEBE LBl
softwaae stoprddaeng ohbef bodoahbihdticnk 0egR RAM, bR mh)M O thellard disk drive.

| ayers 1410, 1412 nust be relatlvelythln (e g., less
[0098} ﬁﬁhel&g@d@@ forggeing RySntiemigs. beep esgaibed mssome detail for purposes of

clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments are
to be considered as illustrative and not restrictive, and the invention is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended

claims.



will be described in nore detail below, the dielectric
| ayers 1410, 1412 can have a total thickness of
w@r@sfdleant |y nore than about 1000 angstrons ¥ET/JS2004/043912
about 4000 or nore angstrons). By way of exanple, the
dielectric layers 1410 and 2@12 can be spin-on gl ass
(SOG . As each layer is applied, the non-planarity
W%at%@% e reduced and substantially elim nated.

0094] In another exanple, the first dielectric |ayer
1410 can be a lowk dielectric material while the
second dielectric layer 1412 can be SOG or ot her
substantially planar dielectric nmaterial. By way of
exanpl e, SOG can reduce non-planarities about 50
percent for each |layer of SOG [0095] In an operation
1306 another |ayer of dielectric layer is added to the
sem conduct or substrate 1100. Figure 14B shows a third
dielectric |ayer 1420 on the sem conductor substrate
1100, in accordance with one enbodi nent of the present
invention. The third dielectric |ayer 1420 (or further
subsequent dielectric |layers) can be added to further
reduce the non-planarity 1414. As shown the
non-planarity 1416 is substantially |less than the
non-planarity 1414. [0096] In an operation 1310, the
dielectric layers 1410, 1412 and 1420 can be
pl anari zed. Figure 14C shows a planarized third
di el ectric layer 1420, in accordance with one
enbodi nent of the present invention. A planar portion
of the third dielectric |ayer 1420' renmains after the
pl anarizati on operation. The pl anarization operation
can be any type of suitable planarization process
(e.g., CWP, lowdown force CVP, stress free
pl anari zation, etc.). [0097] It will be further
appreci ated that the instructions represented by the
operations in any of the above figures are not
required to be perforned in the order illustrated, and
that all the processing represented by the operations
may not be necessary to practice the invention.
Further, the processes described in any of the above
figures can also be inplenented in software stored in
any one of or conbinations of the RAM the ROV or the
hard di sk drive. [0098] Although the foregoing
i nvention has been described in sone detail for
pur poses of clarity of understanding, it will be
apparent that certain changes and nodifications may be
practiced within the scope of the appended cl ai ns.
Accordingly, the present enbodi nents are to be
considered as illustrative and not restrictive, and
the invention is not to be limted to the details
given herein, but may be nodified within the scope and
equi val ents of the appended



claims.Wiat is clainmed is: CLAIMS 1. A nethod for
formng a sem conductor in a dual damascene structure
W@ 9pNTEiNg: receiving a patterned sem conductPCT/US2004/043912

substrate, having a first conductive interconnect

material filling a pluralitylof features in the

pattern, the first conductive interconnect materi al

havi ng an overburden porti nari zing the over

burden portion, the over b'g'ri)'éeprri‘sgortl on being

supst anpi &héthiod?nfbt fﬁirﬂnrfgerﬁo‘é@ﬂlcbﬂdddf& h anaduaZ i dgnascene structure

process; reducing a mask |ayer; form ng a subsequent
Comllﬂsellgctrl c | ayer on the pI anarl zed over bur den

POl Y Lok a{? (?:ae CcO ClOI, S t% V gll‘t Q tive, interconnect

|a’&?8?1"mﬁo?r% g &Y H%‘%é Fihsdn %H‘gtﬁ %%?@H&éﬁt
mateflbefiBd flukAXeof faded id ﬂhetﬂa&elﬂnﬁle(ﬁrsmrﬂu&?@ﬁ Hke@Sonnect material

with a second conductive interconnect material. 2. The
havm@amr@frd@nmmpm vvher ein pI anari zing the over burden

portion.in

reR i e daT atah B ERA e STt RE s SipbiGany entirely
remd;)@d;ﬂ oY) Iﬂzﬁﬁhﬂﬁl@?x@ce§§ ressfree planarization process.

. The method of clai'm 1, wherein the mask |ayer

ml@tiudegatm@kéatyemore mask | ayers. 5. The method of

e L5 S B R AR T e
naﬁ)!fml £ 8dISon fhe siﬁ')"k‘éqﬁ@ﬁ dptkcaic @@ m 4, wherein

reduci ng the mask | ayer includes renoving at |east one
offOtmglgw @mare fentyras ko uhaylé)ssque?lt ditleetrivdtyesdarnsf cl ai m

t ast k [
i e ot SR o AP oo TREROBRGt i

1, wherein reducing the mask | ayer includes renoving
the mask |l ayer. 9. The nethod of claim1, wherein
2. r éthecimethadhef ofask 1, aytercin iptdnadeisg rthmvemgurdelp@pmommno]‘udes a low

d W\F g(dfpt conductive fill material substantially |evel
OWRGOI§P eff@ffPng portion of the mask layer. 10. The
nmet hod of claim 1, wherein reducing the mask | ayer

i ncl udes etching the mask | ayer.
3. The method of claim 1, wherein planarizing the over burden portion includes a stress-

free planarization process.
4. The method of claim 1, wherein the mask layer includes two or more mask layers.

5. The method of claim 4, wherein reducing the mask layer includes removing at least a

portion of on of the two or more mask layers.

6. The method of claim 4, wherein reducing the mask layer includes removing at least one

of the two or more mask layers.

7. The method of claim 4, wherein at least one of the two or more mask layers includes a

conductive material.



11. The nmethod of claim1l, wherein formng the
subsequent dielectric layer on the planarized over
whewodems3gor ti on i ncl udes appl yi ng one or nore PCT/US2004/043912
subsequent dielectric layers. 12. The method of claim
1, wherein the subsequent @Rel ectric |ayer includes a
lowk dielectric material. 13. The nethod of claim1,
8. Wbﬁé Glethdaosmiifch lh@h&uﬁasl%&h&ﬁg 1 Bh&ClaférCint RYEY re@idvipethe mask
pl anari zed over burden portion includes planarizing
layer. t he subsequent dielectric layer. 14. The nethod of
claim 13, wherein planarizing the subsequent
di el ectric layer includes: identifying a non-planarity
9. |Thd BRURERTEHUENT wlbRl I‘Pﬁ‘hﬁélﬁ tR¥BAsk 1hR% MdMEdeS @6B¥Ing a portion of
dielectric layer over the su%sequent di el ectric |ayer;
the firstrednghciva filzmagrislsebsanmiy ladickweb tarpmainingspartian of thi anask layer.
met hod of claim 14, wherein the second dielectric
layer is a substantially planar material. 16. The
10. n’?ﬁ@ Aebid 6f &lafth 44 ’wﬁé@@ﬁ @é&hc‘ﬂﬁth@%&’éﬁdla%ﬁin@ﬁﬁéé €tching the mask
| ayer 1's a spin-on-glass he net hod of claim 14,
layer. wherei n the subsequent dielectric layer is a |l owk
dielectric material. 18. A nethod for formng a
sem conductor in a dual damascene structure
CPAP thethbd: JreC&inY ' 17 ! t&hed derat @klectric layer on the
11 CPARIHEPO: G| 10 Rerl HEMRRE (RS SuPRALR Melccuic Tay
planarivetl evedburfiéd pomgn mchidas applyipg ofie bembre wbséquentrbelectric layers.
pattern, the first conductive interconnect materia
havi ng an overburden portion; planarizing the over
12. {%éj $hethQd tqf Bainf 1€ vhERSin RHE @gﬁsﬁ%ﬂt' &Qle@@icnﬁlyer includes a low-k
stantr al entirely renove t he pl anari zi ng
mebc@kQﬁﬁﬁﬁaLrenDV|ng a mask | ayer; form ng a subsequent
dielectric layer on the planarized renaining
structures; forma mask on the subsequent dielectric
I n e r S e
13, PP aneth B8 o 0aRR S, PhncIBhe RS bl P URREa ther on the
planaritdet] bver laﬁdﬂﬂpbrﬁ&mﬁmhidieyplahmﬁemgma rselodequeatt eidladtric h9er.
The net hod of claim 18, wherein renoving the nask
Iayer i ncludes etching the mask |ayer. 20. A nethod
14. I‘r}%ﬁ{gdrbq cﬁurﬁq@ &H%ﬁ?l%ari’zﬂlga[hg %se@ﬁ%éﬁﬁa@&ic layer includes:
ruc ure conprising: celving a patterne
Sﬁﬁhﬁ@ﬁf@@ﬁ@f—pl&ﬂ:ﬁﬁy irathe subkeyiidiy deldciislayaonduct i ve

I nt er connect
forming second dielectric layer over the subsequent dielectric layer; and

planarizing the second dielectric layer.

15.  The method of claim 14, wherein the second dielectric layer is a substantially planar

material.

16. The method of claim 14, wherein the second dielectric layer is a spin-on-glass.

17.  The method of claim 14, wherein the subsequent dielectric layer is a low-k dielectric

material.

18. A method for forming a semiconductor in a dual damascene structure comprising:



material filling a plurality of features in the

pattern, the first conductive interconnect materi al
whaoosngp3an over burden portion; planarizing thePOE82004/043912

burden portion, the over burden portion being

substantially entirely rem®3ed in the planarizing

process; reducing a mask |ayer; form ng a subsequent

dfeRb®Gig h attéiBd sORicoh@udbragimkir#tedhavaiph Mirfdconductive interconnect
structures including: identifying a non-planarity in

materigh&1lingbs phpeadity of festwres i thelpajtem, teditgi ¢rydyeidemninterconnect material
havi dielectric | ayer over the subsequent dielectric |ayer;
aving, prioYtBHEPR DPG™: he second diel ectric layer: forming a

nﬁﬁﬁm‘?ﬂné AR SMPESALE Bbrtidhethe ©LEd Burdedy®irtiof B&iflk REbsARially entirely
or nore features in the subsequent dielectric |ayer;

removad dh fhelplanagizinigerodees;or nore features with a second
conducti ve ini erconnect material 21. The net hod of

degm%?%ﬁ% ®Fn planarizing the second dielectric
| B¢Rfind HGIY4EARNEHCRERR 1628 ofl UONEnAliz8d RGhdihiRg|sBU&res;

form a mask on the subsequent dielectric layer;

forming one or more features in the subsequent dielectric layer; and

fill the one or more features with a second conductive interconnect material.

19.  The method of claim 18, wherein removing the mask layer includes etching the mask

layer.

20. A method for forming a semiconductor in a dual damascene structure comprising:
receiving a patterned semiconductor substrate, having a first conductive interconnect
material filling a plurality of features in the pattern, the first conductive interconnect material
having an overburden portion;
planarizing the over burden portion, the over burden portion being substantially entirely
removed in the planarizing process;
reducing a mask layer;
forming a subsequent dielectric layer on the planarized remaining structures including:
identifying a non-planarity in the subsequent dielectric layer;
forming second dielectric layer over the subsequent dielectric layer; and
planarizing the second dielectric layer;
forming a mask on the subsequent dielectric layer;
forming one or more features in the subsequent dielectric layer; and

filling the one or more features with a second conductive interconnect material

21.  The method of claim 20, wherein planarizing the second dielectric layer includes

etching the second dielectric layer.



