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BACKGROUND OF THE I NVENTION 1. Field of the Invention

[1] The present invention relates generally to dual

damascene sem conduct or nanufacturing processes, and

SYSEEME METROE A ND BYPARATVSEEINGRQVED GLOBAL

manuf act ur iIPQJdgLQBAM&SC%%E% PLANARTZACTRON ed
LD

Art [2] Dua mascene malg uring processes are
becom ng nore conmon in R&tict or manuf act uri ng.
| N ghdiaRt Balondkat, ARIRBSASNBai BBl B&LHLREr BRPFRS M. Yok
or nore conductive material s are deposited in
previously patt BACKGREUNIDGF aHE INVENTIONED in a
sem conductor substrate or filns forned on the
1. sekiddntithetloventidstrate to formthe desired
el ectrical circuit interconnects. An excess or
[1] ovEhbpredan ip@ntiborelaés gdneraignddailidamasane sémicondsctor
often fornmed. The overburden portion of the conductive,
manwaeHFing prqcessghiad 8xse pyrtiguiarly Jadedhedsisng systemn{pgplanarizing

rear TR OHTY LR R nnATRTGE DR LAt ure and to

Fovi anar surtace r subsequent processing.

[3]l. The ovqyb rde rtion of the conductive material

2. | sDegegintion tﬁé%ﬁ@§ggﬁFBn1the sem conduct or substrate
t hrough chem cal nechani cal polishing (CW) and _
[2] el bwekdrmasesriedpanuissgiringragpssas@my bgcenyng merectsinpgpn in

semPARHERR SinBEE-FREC LLELIAL 00 s RS B PR G ERspne or

mord\Eohdatti ®XaieH fs alsRpbyRIAGR ptaviRE pattefrRll &lehotRk ¥indl 91s formed in
t hroughput, poor uniformty and inability to

a sergichrductarshystragmevidmsdarmeshortibe semisonducser sybstrateiio fionm the desired

requi.res.physi cal] contact processes which icall .
cleci G TR T Yl e, OGP URTRe R B el prmateria
is of\ATTHRNS. MBHeRIveMufdenPorti FSHH the bohdiefivdMbfeRAINs LBATYEMary and

and the inability to suitably planarize interconnect

undeairable at@miusivi regiov¢Elodth ite prodcd) a dapassend fzature @Ro peawide a
al so cag)?e stress rel at ed damage (e.g., interlayer

PlangfJUERETHIOF SERSCABEPIORES ™80 remmi ning i nter connect and

I LD structures. The CMP-caused stress danmge is
[3] f ulheererbywder pertipn@f Hie confectivemyaterid is fypically reayesied from the

senﬁﬁgl?cgll%iog Eggsrt]r%{ea[ﬁrto%%fl %flei:rf:u%alorfneéhqgicgf)ﬁo?i—sﬁﬁg ?&Mﬁﬁ ald %fiectro—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.

(4] CMP requires physical contact processes which typically leave conductive 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 structures. The CMP-caused stress damage is further exacerbated by

the very poor inter-layer adhesion characteristics of the more-recently used materials.



WD 2004/ 084266 PCT/ US2004/ 007527 Reducing the
physi cal force of the CMP process to reduce the
w@baogiogehe st ress can often result in unaccept B@I/YS1004007527
t hroughput rates and ot her poor process performnce
paraneters. [5] In view of the foregoing, there is a
need for an inproved planarizing systemand nethod to
uniformy and substantially renove overburden nateri al
Redutivid e fhidicd] 6106 of BB YN phoctty ©58ddce thdshysRAP4RIs§8an often result
. features. The inproved planarizing system and net hod
in ungpesptablploveihiroughpet raiss and ethempens prenssdppsfagsmance parameters.
manuf acturi ng and should be applicable to processes
[S] subhviaw of thtufakegdinpnthesnie apeed fg-aindmpaived hlanarizing system and
sem conduct or manufacturing processes. SUMARY OF THE

methogyjeRrit oLy and Brhstaiigllsisaane Qyerburien mpasere pvhileveinimising

[ Vil d t ho
R e R R b R
should bessudtabld foeusepp sa@sicah@dtdrimadinufdteuring HESAbuldHE@PpliMle to

can be inplenmented in nunmerous ways, including as a
processesciéh as a qualdsppeene procgsssyi pthansemsopdicser mamdadiidng
ja, or a device. Several inventive enbodi nents of
e present invention are described below [7] One

enbodi nent provi dgmﬁgg TPk Iﬂ"’@%‘)ﬁ' ng a

patterned sem con ; t hod

ingludes receivjng a patterned sem conductor
61 s uﬁ_gqag@t weilhe tf“‘pgfffé@? e RS 39 BEvidipga system and

| r I .

e BaYb M R G HR R ASh IR 3ol biied it
preseinh ireesiooment bermatpéanentediaviungraus voayeyinclodag as p@iddess) an

The overburden portion having a | ocalized . ] )
aPPATHE- BV Y IR riOTRULeA reAdRRIepRTda, 6F 2 de vicke SesyaliptRngum embodiments
of th@gfekérﬁ ﬁ‘n&e@ﬁBﬁ VR R4 %Fﬁ%ﬁr i ze the overburden

portion.

e substantrallylocally planarized
71 pefierr PSR RREl ot L oRRRRTR panATEC oo s ugtor
substBMEN MHeARRhHROMEILABS ﬂc§ei6ﬁlg;h%_tlgéﬂle§ YO cBARLI R sﬁbgtfﬂc? \g%e

the global non-uniform ty.” The pattern can be fo
pattemned tshmiquatieaemmdistserhaonga comluct ubsitaradmmecti material fdling multiple

danmascene process. .Removing the bul k portion of
of fe41 S 3y e ehaREFE THGieeR HFt S O HOTSCIFGH A gn Overburden
portiGfldtid SREburi&Y £6rti8N hiife 8 YRLRMARM- fo#gﬂg}. ANGL1k Pgretirc])n of the

pl anarizing the additional layer and t over bu
overtpoddn mortioll baemduéd foqialarizatherovediundenpobisdra rifiiesdubytantially locally
entirely renmoved in the planarjzing process, [9_1
planagizeq pyerpysden portioa iHRpapRsd éle@upweaoagwaé Rowfnpgnity. The

o SR OB A SO0 e

globat apn-@nifongity Tieppastarnt @ade formed on the patterned semiconductor substrate

proc

in a dual damascene process.

[8] Removing the bulk portion of the overburden portion can include forming an
additional layer on the overburden portion and planarizing the additional layer and the
overburden portion. The additional layer being substantially entirely removed in the

planarizing process.

[9] Alternatively, removing the bulk portion of the overburden portion can include

forming an additional layer on the overburden portion by chemically converting a top surface
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2 WD 2004/ 084266 PCT/ US2004/ 007527 and a top portion
of the overburden portion and etching the additiona

wo 2901082661 at | east part of the overburden poPCT/OR2000007527
substantially planarize the overburden portion, the
addi tional |ayer being substantially entirely
renoved. Pl anarizing the additional |ayer and the
overburden portion can include a reiterative process

and 4 toptportie okas oedrbiideg pbdiien addeichRahe addi&ial ldcy@f #Mdng Iéast part
second additional |ayer, and etching the second

of tha guerbiskealportiopep sulgsi@flaﬂmpbnﬁ@zetth@ oxerbytdan ppeionythe additional

lame QC?I%%%stﬁgﬁaQ@r In%l eﬁﬁe%/l@ecgvk% L Ifa% 2 %étg It on%{?]?thog‘l% ﬁger an?l tﬁ‘e
over&!tﬂéﬂ péttionlchiy incReBlal¥itdRhtdRAirb2Rd Y fchides 8lohRQihd Rditional
Wi th an eddy current sensor. Ell] Mappi ng t he

layers fiiyginga pesiong additendl Jaypt, and eiching thy sachnd ddditipmad tdyen t o
determ ne a global non-uniformty can include mapping

[10] t hlappingtthaiubatahtiall yloedllyyplpazined beeatudee poiiod eh determine a global
portion in-situ. [12] Etchl ng the substantially

non-yRgEQgmity Cﬁpalaﬁélﬂdez%p%%% swlepbantigHy docgHy p@nmoaﬁthugdqnwomon

wﬂhaﬁ%ﬁ?flhﬁﬁugéﬁg non-uni formty can include adjusting
f recrpe to conpensate for the gl oba

uni f . ernativ et.chi ng, the .
111 o febRine e b st e Rz RIER Botiods determipg 2 global
tdaal: | v :

i T L e e T
in-sitwon- uni formty MAthout i nparting nechanlcal stress to

the nultiple features. [14] In another alternative,
[12] et BRhitg thbsutstasiianiotaly planRizad byerBhiBR pbARM to substantially

overburden portion to substantially renove the globa
1emong :ﬁhaﬁipbaim@nttyuf@mtiac@dnﬂn@ adjustingoi aieh teoipe tposapensate for the
lbagarrler er formed on the patterned features. The
g0 F@H[@gﬁ selectlve to the barrier. [15] Etching the

substantially locally planarized overburden portion to

[13] s uplematiyely, dchingths vebsiansialy isally RlgneniasrioypTurdpnparion to
subsﬂaﬂﬁ%ﬁﬂ%nﬁ‘)‘épﬁ{ bbby u{pf&'r@jéaﬂ%ﬁﬂg% %%%&ﬁﬁ;ﬁfypq%gum‘?ng the

tive |nt rconnec

globdl @@humeermitit 6fithdutfiipattingtredehpiiiogl8&8ssCtd Mheénanipikefeatures.
i ncluded. The final etch process can substantially

[14] r epRN B iHep ﬁt&ﬁﬁtweeétchﬂ%’ &le sfugﬁtgﬁt@alﬁfrloéﬂgr ;@@rfah%cf‘@@:rburden portion
features. The final rocess -can I ncl
to substaniiadlly refhoee Whaglobﬂhmcermmfomﬂtﬁ]an ke 1mxr1mi3hm¢huwgto expose a barrier

i nter connect material c | ud opper and/ or
layerd pemgehemih edvagﬁa?f fea %) Vhs stdheran Bselar o thebittitfes

sem conduct or deV|ce forned by a nethod incl uding
[15] r eiehipigribe substantidbnleerlyainsoiradievasburdab pertian o suns@ntlally

remoeattﬁeeélo §al nom- rlrllm Prr?i }9 éa(r)lrmc uae gurbstantlally minimizing any recesses of the

conductive interconnect material in the multiple features.

[16] A final etch process can also be included. The final etch process can substantially
remove the barrier layer formed on the patterned features. The final etch process can also

include removal of a mask material.
[17] The conductive interconnect material can include copper and/or elemental copper.

[18]  Another embodiment includes a semiconductor device formed by a method including

receiving a patterned semiconductor substrate. The patterned semiconductor substrate
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3 WO 2004/ 084266 PCT/ US2004/ 007527 having a
conductive interconnect material filling nultiple
wo e@i08€286 i N t he pattern. The conductive i nt ePCDOREOL/007527
mat eri al having an overburden portion that includes a
| ocal i zed non- uniformty. A bulk portion of the
over burden portion is renoved to planarize the
overburden portion. The substantially |ocally
havifg aoaiductde DNEtOITeEENaPa4ltilnNg hfultifp RReIrtLindRE Fﬁtf@rﬁ‘ 1€TRe
| obal non-uniformty. The substantially |ocal
COH(%P%WF%@@%W%%@@@V% ef joyprbugdeatporiean that mcludes a localized non-

o5 2 TN B D LR it g

porti@AITIRE St tAnfih By LRAME flanariiel 6ot Wufien PofidHEL lﬁ%ped to determine a
i ncludi ng recelving a dual damascené patterned

globalaancwyikpomityr The suhstansieldy 10Ty plasdrizéd vaeberden patticarisehed to
onduct trate.having a conductive
Subsfaﬁp]%l %HW&S&%@P@“&P WP il tiple features in the

ual damascene pattern. The conductive i nterconnect
[19] naﬁ@Pﬁhﬁr CTHEAI g BRClydes Huedhed obdrminma daldamaegengldersonnect

strucltl% alhe }[]}{b(zirln}f’iﬂhlfng (el \th%a éhdzﬁ lﬂahla c% gt?erget%genuconductor

r bur ana I'z€

subsm{ter mhe denl daatabieds patt&ﬁémselnﬂ@oﬁdﬁetob shistRRHalvg aQontibi@ive
over burden portion includes form@& an additional

intergegpest rapieripl{alipg gmﬁmlq Eatusesy injthnd da@]aggqm pazttqmg Tleconductive

. h overbur en POLLd
imer 3 ARt Y e el RSP AR i £ Brg 8 ngvagitormity
A bullepdrtien BF BRaVeRIURENPORERSS : rerﬁdsv@ed t§ l;blhsﬁaﬁm ihelohv¥rbuRea pbition.

pl anari zed overburden portion is mapped to determne a

Remgyigp e hidk poxiinfod the eyerburdr pourtien tetudas formingeal ddgditional layer on

I R O N
additfsal 9er RO divRRtially & klk@?&n%\féﬁtlﬁ% RhndofHy C}ﬁgccés cpigd

damascene i nt erconnéct ructure. The nethod i ncl udes
substnaef@dlwlpﬁ@lyaolmzedj avaboderepption éy meppesldnide@ndine tagiiobal non-

it S, T8 S B S 25 R ST SO L Rhtnsit

remofvbltﬁég]gbmbhiumfgnﬁl%atur es in the dual damascene
tern. The conductive interconnect materi al

[20] | Ozglg#rﬂ dhEe 1H{19<%§ pr%thgé) Bf fo%%%n&'r %n ?l%ﬂlﬂ (cjlglpastCﬁIée interconnect

on- unirtrorm

strucBXer Dhe ﬂl@thoﬁ@ﬁdludt@ i's fe@éf@ﬁ@di dud] BArdaRErZSatieRRd semiconductor
overburden portion. Renoving the bul k portion of the

substgarer Bhe desd dpmesdenn patirsnaddenidandnétaysubstratd diaving agbnductive

ek B et 5 YRS ERBEL 4 B iy SR8 e e concie

interébhBER WA PRI1EdeRAn oq;BI%uﬁi@ﬂ;p bitahat 1ﬁMﬁﬂesQﬂgczﬁfzeJl fast
part of the overburden portion are etched

unifosmﬁst ariillappypioplod tteer dveeburdea pwmrburrdmnvqahntplmanzérﬁxe overburden
ei ng.,substanti al ent eI )
porti A e T BorAp oL e e AN PR ot A et forming an

additRHEI RYErdRNnhe 8drb@en portion by chemically convertmg a top surface and a top

portion of the overburden portion. The additional layer and at least part of the overburden
portion are etched to substantially planarize the overburden portion. The additional layer
being substantially entirely removed. The substantially locally planarized overburden portion
is mapped to determine a global non-uniformity. The substantially locally planarized

overburden portion is etched to substantially remove the global non-uniformity
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is mapped to determ ne a global non-uniformty. The
substantially locally planarized overburden portion
WO g00asd2e€l t o substantially renove the gl obal PCT/US2004/007527
non-uni formty 4 WO 2004/ 084266 PCT/ US2004/ 007527
[21] The present invention provides the advantage of
m ni m zing mechani cal stress while substantially
elimnating global non-uniformties across the
[21]S UlPRé preként ihvedlioPpRfidad SResdvantagslopeitmmi Age melanidaPstress while
invention wll become apparent fromthe follow ng
substistially inidetng globaloren- umﬂ%@mueﬁ agropy thasubstrateni t h t he
acconmpanyi ng drawi ngs, illustrating by way of exanple
[22]t h@thﬁr iameicn;l 28 adf/arftines iofvhe it vention BRI BEcdiSEFRalhk GdinGhe
E DRAW NGS [ 23] The present .invention will be
followvélagjqiwlqﬂrﬂfé%&tmdtaﬂiyn HHON{UBClieRIVHY tereregpmpanying drawings,
cconmpanyin
111us%?[§1%1#\£’539§fn d&aﬁlpgeo{ﬁle ;&g% gf&@ oflentdifioRCCOMPanyi ng

nce nuneral's designate |ike

structural el BREFDESSRIPTIGNOE THE DPREWANERE t er ned
pDSTTate 1 n _accordance Wt one

sem conduct or TSUI

e di nent . of sent nti 0 2 Fi gur _r
1231 D6 PR ifemtiamabl e it bl e 15 e B feseription
in co% edbARith 1Rd aécﬁ%gaﬁlﬁgs @ﬁ%ﬁgiV%ﬂf T Yefdr&RE nhh@HI€dRignate like

OWs a substanti | anar™ over burden portion in
strucaxralmldamte wi th one errbodl ment of the present

i nvention. [27] Figure 4A shows the substrate having
[24] UNBRUAONhAVSEFARMRENALsE MDY IR Sirdtin ALERIAGNEEN Bhé h

one enbodi nent of the present invention. [28] Figure
embaiimeniovishe peesenietentioe havi ng undergone a barri er

renoval process in accordance with one enbodi nent of
[25]t hEigpree® sirtws anvelditiomal lajé 9fiddd iguiceorbance veitlf dverhisudimert of the

the nmet hod operations of performng a | ocal
preseif HYSP§9t i on, in accordance with one enbodi ment of

t he present i nvent i on. [30] Figures 6A-6D show a
[26] s eﬁgem%swsa]%f@s@aﬂialbfmim sverhurdp pettion-ib acdordance with one

oces a .0 a substrate to increase |ocal
emb‘ffﬁ?*?’&%ﬁﬁifpf@?%‘té%@a @%nce with one enbodi ment of the
present |nvent|on @$31] Figure 7 is a flowhart of the
[27] nekigee 4hehaws basubtraiehavigamrezpne » Avrond lhingIo@s AL
accof%ﬁ‘ﬁé%1 Mtf?% é&%ﬁ &P&!nt §4nk gre erﬁ‘fl’%hﬁ%e to increase

uni orm in acc ance w one enbodi nent
of _t he sent |nvent|

[28]  Figure Aﬁ§ ehows the substrate av1ng undergone a barrier removal process in

accordance with one embodiment of the present invention.

[29] Figure 5 is a flowchart of the method operations of performing a local planarization,

in accordance with one embodiment of the present invention.

[30] 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.

[31] 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.



5 WD 2004/ 084266 PCT/ US2004/ 007527 [32] Figure 8 is a
flowchart of the nethod operation of correcting gl obal
wo4asdi2bor mties in accordance with one enboPCTER1000607527
the present invention. [33] Figure 9 shows a
substantially renoved, planarized overburden portion
i n accordance wth one enbodi nent of the present
i nvention. DETAI LED DESCRI PTI ON OF THE EXEMPLARY
[32] ENB@Dkd\@NTaSﬂb@éﬂarﬁﬁwné SHethRY @pBratibly oemzﬁséuﬂg Blobal Mn-@rﬁforrmtles
I mproved pl anarizi ng system and net hod wi | now be
in acgexslangepwuidh ong emppdinisat effpapesnt invephese skilled in the
art that the present invention nmay be practiced
[33]wi Fipowt 9 shmm osubatantiadly feheved etdnkhrizedeteaburders portibo it fccordance
her ei n. nL@One enbodi nent of an inproved planari zi ng
Wlthﬁgte’é‘ﬁ’f’% f s PrpseB\nEEonNmpr oved | ocal

Pl anapyiaati 0 WALERTIHON BEERS FAaIBRA kMRS Ateirs

S e m J SUNNOL A L ] ’J LERYA'4
pl anari zati on unlforn1ty substantlally eI|n1nates
[34]1 o&@\rereﬂ@ﬁgmpmy nambp@glen@églsaeuntpyovf-‘éaﬂwgmmystem and method will

A SN LA (X AT —

may Bk gﬁa@hcé& A6 ZBie &R allBF frRrspditic ashlSset mﬁl Rdbint €
strate (e.g., edge uniformty as conpared to

1S L B, S GO e

localpflaeisation Wil a0ydanse atcahp@nien efrbgnimmﬁtlucaj‘r stibgrate. The
present invention. The substrate 100 has been

lmprsmdf lopH erdanasizpfion undformity selstand sy elémbatadenal aenuniforgities
causQ& g;%%%&résﬁ{%%ﬁgﬂg gij ers%%gg%?a%o%s ngep%fs%f%) pg%cggiels atAélother

cess € us 0 pa
embd(ﬂﬁlentﬁfiﬁvﬁl@bﬁhlﬁl@b@d %lgﬁal pliatiziRs wiloahd$ acrdNMBRaAtire substrate
i solated feature 10 ., trench, via, etc.) a

(c.g.sofige merfon@@n@a/mmm%tglcaméﬁuméﬁmm 104 and sever al
features 106 that are densely packed together. A
[36] baFiguey 1 shoayser pattbhaddsemicoadiuotad sutistchte TORinb@dwal dambhstyes process

. 110 is typically a different material than the
in acgpdanGeay Qm)era odmentRf iag PrgEet HVEREIhnERg subglralel@Q has been

patte}geg' as }Qﬁ oF PRAUGEHL ik at ﬁfaﬁ&gﬁﬁﬁﬁ% Bff)gteﬁrslu@ljl asf ?uzﬁ %Q{ng&ene

or copper alloy or ot uctive

mamﬁf?ﬂt]mﬁ@ pcedsb X ek par bd wed lolzatefn the8usRAGUTI]. VEhe substrate 100
i nterconnect material 120 extends above the features
incluflgpa larges somewhatrisplatad featte 1@ber 2 spenehi vig, 9tee asmaler, somewhat

isolaYe%rf.Ezg{ulegﬂﬁ ajrﬁl%fzvélrgfquiit&t]e}igé H‘ﬁl{ Qﬁe%ﬁﬁeypgckea Po the A barrier

ar ger ‘ure

layerl 0@ i§ @So ancledddl Ghp®atHen thykAl 106k tERel§asEffbrnt llﬂﬁtenal than the
thi ckness of the overburden portion 112 as conpared to

subStraf@ 180ar p epndustive rnéerwmectvmat@lhalﬂaﬁ alhg qcxglﬁtwtwesmrqoenect

at Q%’ &e n t hi ckgeses ﬁ 0? aurtd(een t | on 112.
matefigl 1y cog Y OBBEKEFOPREAS ?%%r b Radeiye

|ngreased t hi ckness of_ the

[37] n overburden portion 112 of the conductive interconnect material 120 extends
above the features 102, 104, 106 and includes corresponding localized variations 114, 116,
118 in thickness of the overburden portion 112. As shown, the larger feature 102 has a
corresponding larger decrease in the thickness of the overburden portion 112 as compared to
the smaller feature 104, which has a slightly smaller variation in thickness of the overburden

portion 112. The densely packed features 106 have a somewhat increased thickness of the

overburden portion 112.



over burden portion 112. 6 WO 2004/ 084266
PCT/ US2004/ 007527 [38] Typical etch processes etch
wo b@4osesbdur den portion 112 of the conducti ve PCT/US2004/007527
i nterconnect material 120 at a fairly uniformrate
over the entire wafer area and therefore the typica
etching process wll expose the barrier |ayer 110 near
the large feature 102 before the barrier layer 110
[38] nedwpitdletendedsyesackd obedttdes poridn M2ldf thecaxpased.
In sum the typical etching process cannot planarize
mterwmw@t\mat@npldle% aé@rfmrldnmnmlzn &t oY thoeniiie afes area and therefore the

typicgEE RS RRREhs IG5 g dhiet vk L gy Bk W A 102 before the

barri@FRYEH mrﬂeapﬁqe dehg] Jopa%ﬁ@mfeatumsquéumn bedxPoddidith s@Rathe typical
| ayer 202 is fornmed on top of the overburden portlon

etchihgprocebrecaadai plrearizk theagnerbuzdsn poaiob &l hoksihb soadiiciia¢ injerconnect
mat fnar fill material (e.g., spin on glass (SOG,
%%8 ysilicon, polymer resist, bilayer, U/ or thermally
curable material, or other material that can flowto

[391f oFieure phovay ansadditipnal ey 2\%.aéﬂedwlalsacméaw@wma%r@bodlment of
the pt?%s%lqt 1flgent1.o ar %ta?ﬁfé%hi%@eﬁ an@E' hs%?h‘hgcﬂﬁlé tSo ro%'é@%{;ye%l}/rfien portion
112 'ﬂH@z!ddZt%a’[T&)jleﬁlmabQ)ela%ﬁbsléiﬁﬁllb @lmsﬁII&Me@l @.tl, epialon glass

| ayer 202 and the overburden portion 112. The
(SOGh rpplylsﬂa@pm nojanerxogste bitayee [V pathermaally aiyable grategipl, or other

I OB, A0V P oG AP SPEI pag B B BEp ooe
char@deliskic®nain b%mral 2 2tively ] (el eabade3-100ahm ihayiekneddZonformal

and the overburden portion 112 have a substantially
layer1208 regyciso befnstuded |b@§wes;o thermlﬂlt@neljbwc%@ammd dhccoienipprden portion

tch
112 SRt firen B PO P DS o5 AL RURERE 86k B rgormat
layelpﬂﬁlt dafl "Allé\:]v?a Wides VRS PBE ﬂn@tleth the cﬁﬁﬁ@useHQBﬁthe [aﬁé‘r]honal layer 202.
Figure 3 shows a substantially p anar over burden

a0 P05 A B 265Gy 0 128 T B e

selecftMt o thas ukabsagtdn kichingPrédesy (e flasiea @V@rseddﬁ%t&i 1@6dess) can
of layers 100, 110, 112, 202, a first etchin rocess

etch bah the pdditina) lasiee B0% and thegverPerdan ppriparl 1209 sty the same

overburden 112 over the entire area until the

remai ni ng over burden portion 112 is substantially

locally planar in th varlatl 114,

t.he Ioc
[41] 1 1 Bigyre3 shaysy aa?ﬂhsﬁlmla{yel?lﬁfiﬁr ﬁéi?r Hf Cp POYUOR Jﬁép irpageor: ance ' with one
0 I
cmbb@HeRCMNAY bltsb RN BN gHBondlI R 962 forfish subspantilly
planﬁmrf@m\b:m ltldﬂnacrkwftla}@rs ]]0D2 1 103)1 1%\3029& ﬁestaatth@ pnoéest ban
addi tional |aye and the overburd

unifesgly pish thqgldptgon@b]@;@ﬂ%tqqg HheO VP ERh] K20 ¥5r | the entlre area until the

remaining overburden portion 112'is substantially locally planar in that the local variations

rate.

114, 116, 118 are substantially eliminated.

[42] A typical recipe would involve conditions that provide a 1:1 etch selectivity between
the additional layer 202 and the overburden portion 112. By way of example, if the
additional layer 202 is SOG, and the overburden portion 112 is copper, then a halogen (e.g.,
CL, F, Br, I) based chemistry provides etch rate control for both the SOG as well as copper to
allow for tuning for the desired 1:1 selectivity. Although any plasma feed gas producing

reactive halogen radicals can be used, CF4, CI2, and HCI are typical examples. Various
7



A, F, Br, |I) based chem stry provides etch rate
control for both the SOG as well as copper to allow
wo oro40842661g for the desired 1:1 selectivity. APCTOSIN4/007527
any plasma feed gas producing reactive hal ogen
radi cal s can be used, CF4, Cl2, and HC are typica
exanpl es. Various 7 WD 2004/084266 PCT/ US2004/ 007527
process paranmeters can be adjusted to control etch
procesd @sametelseah by htljysted o Eantyol tigh aatek, seldetddty, aifdragiyand reduce
i nclude variation of proces variabI%s such as i )
corryipis e lide Verphay At nipeesamiables Sud) rrubgifate fanpsratpgsraad inclusion

s s
of off Bl D0 Eed g M O GRS St Gl DRy Beng e
i 3R ke Bl 1 MR s

He, KCPRETKOYSIRY: i8Ry BRAAA: QP thldpPétdVeffub@h pRGSH 1167 bher
provide etch rate” control of e additional |ayer 202

additimeb tp psavidattclmtotornting of the additiohadeyer202 laed passhiatiomgf the top
copper 112, ' The oth ditjves.can include, for
surface G Hied e e ning $Rper aﬂlﬁ ‘%t"Fé raaelﬁlvm@emgmg@efgrs@sampée H2 and/or

CFPAC FHhOPGT BE & RY&ksed iVt ACoreRIPR LA Eéi‘é,k%‘? af %V@%t
abéut 75 d% reess%lanag1 zf%out 400 e%re S %. e[lﬁﬁe he ween
abouti75slegreec@iang apowickdslegisesn@. et ch process designed to

| eave the remaining overburden portion 112

[44]S UlThE Bipdtiepthl 4&@@@!; iyanRdi@@bcdsh dedighed!tb @cdve € remaining
variations 1 116, 118 are substantially

overbiidei pettien. 1 18rmabstentilydocalily pbparin thet thalavg] paritions bk, 116, 118
il e .t bul k th [ori f th .
v B o o LA bt S e e

he i | -etiChi -
o RSO Ay SRR i €1 Bl i

continemdheegichifig pmcessdgo baendmintiat @hichitbe bverbsiiler pottiond 12’ is removed

ocess sQ be included in the bul tch
fronfirgeaser T8l pDhe fuat cishbedtes Grao Faciiey Syibe bl eich
PO S S B ey e Pl B R ok C1ecTE BB feftbval and

passpbating tieaemaimth goromductereshabiidl ilR to prewerdtwotbeion and provide stability
processing. An additiqnal aoperation after the finish

for figgthey PEQGSSHRE- B jAgHhiEiana operagon afiteyithe finish efoh Gan be desighpgl not to

snfTRE0) Sncho? IR ) Sl TR0 SORUENL M 120
to prevéiyicbirdsion aid providestabiiity ceSeitig prdcéddind:i gur e 4A shows
the substrate 100 havi ng undergone a second etching

[45]P" PERRS4A Rhoé HRIsHBMGR W0t thvRRRIBRBHE T8 onafetdh}f process in
present invention. The second etching process

accopdmté with ont embndiamip of the psasert inveation h&hb seaoné etchanggrocess
110 will he expose t all locations.  substanti y .
contgiify e aeing SERah S SEETIRG L& B F ERBred sorlblotitigs
. | ] - | .
Sob A D KB s ooty R RIon, R e GERLEN leril
(e.g.nedpepet, abpperfeantafning Aldykend eahbinattonkPshd dkhek, cohfbictive material) that

fills the features 102, 104, 106.

[46] The first etching process and the second etching process can be substantially similar
or significantly different. By way of example, the first etching process can be an etching
process for improving the local planarity of the overburden portion 112 due to local non-
uniformities 114, 116, 118 (e.g., caused by feature 102, 104, 106 locations, sizes and

concentrations in underlying layers). The entire additional layer 202 and a portion of the
8



[46] The first etching process and the second etching
process can be substantially simlar or significantly
walrdoresens . By way of exanple, the first etchiPgr/us2004/007527

process can be an etching process for inproving the
| ocal planarity of the overburden portion 112 due to
| ocal non- uniformties 114, 116, 118 (e.g., caused by
feature 102, 104, 106 |ocations, sizes and
overbumier portati dscan e uerdevddyin fg fimy@clshg pideesse I’B}i danparison, the

lonal layer 202 and a portion of the 8
Secozgetf perewespenn b yd mge?e cligg stcgmgdgﬁceﬁwhar gnopes the bulk

of th%z'i‘@rng{ﬁn{ée g&\ﬁﬁﬁoée?blfra& h%teﬁ L8 (z'éo%%ﬁ tlbeB[yamer la%er 1101is
conpari secon etc I ng process can a mic

expoyed)e sel ective etching process that renoves the bul k
of the remaining, planar overburden 112' to the

[47]eNERRINUB ShoWs the¥iBdratd vy ﬁﬂd%f%jdn@)i%ni]e% QerhSval process in
exposed). [47] Figure 4B shows the substrate having

accogdraie gotheona epmodinnt péthopadseptriov@sioni i partion oﬂﬁmd)amer layer 110

wi th one errbodl of t n nventi on.
is gy vd GrFxapss Heo v ingrnsh bt 106 5?@ P%Pm@a of hedpisgdayer 110
that %‘Toﬁﬁ&?&lit}ﬁnqﬁe %ﬁeé fL104996 r%%\)ﬁ %18081;[6 &Ehﬁ’lg ?rocess
barrier layer 110 that Is forne Pnithe featur
remdv@® thellfidk pdﬂ@n rosE itheei werlmrdeppﬁ 1@adt h@aamchndtpcdsfbxraglypwidc ehiph

rem)ve the.b on of the over burden 112 at  high_ .

selectiy{iy (2 fg %r%?r %?& §5 mﬁf/ V3% oh PEHmPIE o Bt qVprivgdenppartien Piis
rr a y el f -

coprRfsfiach DRlecicHimiol (43Y T (G FROZHE B can e effeptively used
for tl@&lﬁm)ﬁd etghing . pgocessClIA an6hés apptdach lahysiBAlk3dongiamnteech process such

effectively used for_ the second etching process. In
as appyp Y Sth eaﬁsbléa%ﬁneat g8y Based ppufter BrAcAwRan Be 8pedyr Yaeas process
paraﬁlgfé catbeHd ﬁ'ﬁed(tg %&%ﬁch@%@g @ncﬁ) 561&9%&& %g l/attl)&ss pgocess

er pro ess can

paramatemheﬁ&udaﬁdjbﬁlr@qn@t&‘ets@daria@le@ QidH & suBﬁtﬁdTle fe@i;%@at@@‘ﬂ)alance of

selectivity. The various process paraneters can
reactiyécipaeies. afl iralvsien o arecs suoya pddivesyegudhl, 82, dubHe.rse, e, Kr,
tenperature bal ance of reactive species, and
|nclu5|on of one or nore additives (e.g., H2, 02, Ar,

Ne, Kr gure 5 i fl owchart
[48] 5o€1gafe 3 et vt @Mf 4hq Iaﬁéaoéppgéwr&r%mgogmmw apcal
[ CERI t :
P08 8 3L Mk Ny B ROGE M L URE SR IRA 1Rbperaion
505, deboddittonal lalyery20?2 i2 @8deidsonadpl eflthecohdyetiot ovérukien @ugionvid2. In
overburden_ portion 112. In operation 510, the first

opergiary 10y Hhedisst gteh piopess dtienpbied Enistove e majopity efthe additienal layer
202 kot Ll R BOpB0h 112 SRS S P R ggoces

applie8 to fpfvie@be tdmdimﬂg\beemmﬂelﬁ POmioAI1NY' t0\IRY diidpeie portion
112" to the endpoint. [49] In an alternative

[49] e?iglﬁﬂipﬁgﬁeast’lg@ ggfb%ﬁin%ﬂt Vberafish 584 S 4IRS InkARe @ ridH &ith process as
e

described above. Subsequent processes after the finish etch can include selective barrier

etc.).

removal and passivating the remaining conductive material 120 to prevent corrosion and
provide stability for further processing. An additional operation after the finish etch process
can be designed not to significantly remove any material but only passivate the remaining

conductive material 120 to prevent corrosion and provide stability for further processing.

[50] Figures 6A-6D show a sequence of chemical conversion and etch-back processes

applied to a substrate 600 to increase local uniformity, in accordance with one embodiment
9



descri bed above. Subsequent processes after the finish
etch can include selective barrier renoval and
wQ@awsiosesé ng t he remai ni ng conducti ve nmat eri al PAR0S1004/007527

prevent corrosion and provide stability for further
processi ng. An additional operation after the finish
etch process can be designed not to significantly
renove any nmaterial but only passivate the remaining

of the pRAuGtihvéh ol Eiguad 7 120f16\WCHRIHER0BNSS thfe B Gpeatitns of the
provide stability for further processing :@50]‘

chengita) ¢paversion and Qﬁgxbaak Bf@q%ﬁéﬁsc@ ed ghe mhﬁaate e ingresse local

b
it R e aepaess Uik Pis smetAEN int Pl UNGERh gt i
FiguRI R Gh88itstraf 400 h%@@%&&ﬂﬁﬁﬁy K6 pldadOSt i} d&ldortieh 60@ @ith non-

present invention. Figure 7 1s a flowhart 700 of the
planarsuifoct poéitea®G6o sisnibi ta the suledtuate LK) desenihedris IFigurah@bove.
et ch- back processes applied to a substrate 600 to
[51]1 NReRasSE: he® ad FiguresfoBramdtyy in d)pera;ttmdmiam eddmbrtal mer 604 is
enbodi nent of the present invention.
formed gnrtep efathe onerbyidss perica 6980 Tilia@d%ltl@u@é@s@ﬁ 6Pfémay be deposited or

formgg o gl%:eggxger by r\(/ig S%E)lgﬁ @(%ilj ?nﬁ& Rx%@ of Q%Ehﬁgf) ,{}BQ ?&%{18}1? 6%’61 604 can be

formde SiEbi el chémiChiBeh@erdioR BOY €op- ﬁﬁaﬂpoﬂe&e@me 9vaBUtded portion 602.
Figures 6B and 7, in operation 705, an additional

If the eyasburden pprion{oge AeePPPFr AIEEPRAT allng theren Benteled sEPeSUEHLo a gas

The additiona 0 be dep ted o
can {355 SPGB Pt AT 65 ard b afS1e 59 TilepEhp that can form
Cu- lﬁﬁéé%.'y@r 664 q@%‘pf)é&@@'tadt fweF 6@0&&:@1@& iR® thé SurfRd of the copper
hrough a chem cal conversion of a top-nobst portion of
overbtlrrdelm6@2 ucateert poen petions 0pthe cppper lpsedbuede @0de Rrqsesses ot

e SRR e B A 05 & SRR B Rt
T. Déﬁ%ﬁ r “&ﬂﬂlca@ﬁ OWQHHM? Dl%@nﬁ %1019@\9 TeBDethat, E@'Etf:lﬂgg) and

Cu-halide | ayer e copper reactant |ayer

PlangkiiZatios @f Ooppﬂ”I]meoﬂElcar@ﬂlemMI Soppiyr 14%4d) 61626}@632, 2002.

602 to convert a top portion of the copper overburden
[52] 608 arfdiingess@plef GE a6iacha dyee 60W eirsheodepoitediapBe odg®urden

known in the art, such as Nagraj S. Kul karni and
portirp 962+ The dem:smml fayer 0 san includsra pelyrvet layeriarey Oopidgdryerbeing

ture Et ching, and Pl anarization
depo(%‘?edc%rbﬁ\%o ve 316 od]f%(él ect rochem' cal Society, 149
(11) G620- 6632 2002 21eﬁ ot her ex | e
[53] adBPqué’ﬁ%PO‘V é%/@?er%% 7&9&“6 I%Péﬁ P ?“b%‘%‘%af nErocess 18 apphed to
o .

remo%\éqﬁ@ %{cﬂ&@n Pa&&t 6(9{.1 gtrgrtlgry?)z ﬁ&od)}{égilﬁﬁéﬁ yﬂ(ﬂ'ﬁgﬁe 6GDha§ o be

remdi@ﬂORehﬁﬁhr%rthé h@hﬁm&ﬂ biye &0 fesultsiin Iﬁuxﬁ&i soi[téiﬁllg (1 e., planarizing) of
Referring now to operation 710 and

the psefdls-of s ysrlyadespqriorsp fogrofils 60pe n”é%cﬂﬁéll%wbﬁﬁaaﬁ%uy softens
e e s of O B b5 LB ED SRR AGPRR ey
1:1 dt@sbadkSselentibity whe lth@@bpmveﬂ)u&denq)mlm 60mr Ogdraxnsai5 and 710

can be repeated multiple times to substantially planarize the overburden portion 602 to

subsequent profiles 606' and 606’’, as shown in Figure 6D, until the resulting profile is

substantially planar.

[54] Chemical conversion of copper overburden portion 602 utilizing shape dependence of
compound formation can be typically achieved by oxidizing the copper at the Cu-reactive

species interface. Copper oxidization in this instance can include a chemical conversion of
10



the profile of the overburden portion 602 to profile
606'. The Cu-halide substantially softens the
wa@e ootose2s6 of t he over burden portion 602. A Cu-Pel/U8m04/007527
can also maintain a substantially 1:1 etch-back
selectivity with the copper overburden portion 602.
Qperations 705 and 710 can be repeated nultiple tines
to substantially planarize the overburden portion 602
elerrteﬁtal sopyee tlecdpppr afnpodad 6Gt copper iQPositavs osfuation state. By way of
gure 6D, until the resulting profil

exal%mle,s%%tioamf yhetoRpgTto Cpmsméﬁpléaphleaﬁ% €ralon (HC12) at the
surfa%g REE éccgl\f & 5’ ?ﬁlg n@oglhé 0%3 e%aieh{tﬁr'ep %e ,[‘%60 d?%rees o).

ence 0O und orna can
di th Cu
[551° 5’@? R 81?0'&88'@215@315634%%%08 O S eopER PR other

chen‘ﬁ@ﬁl doRoHAE cablReITHER) § VORISR @s R:favmé OhMrface of the remaining
2004/ 084266 PCT/ US2004/ 007527 el enental copper to a

overbaplpe 602’oat]ﬂm1ﬁ1vcbdwub$tra®®wpmeratmrea Byozayt of\bsamp]eddlermn be a

red ugt'él%{ gﬁ}ge %gﬁ?% laéﬁ% ﬁngﬁl:ﬁdg t%l dat elzng? 0 tg\jee 113{21? al s%gcms (e.g.,
H2 @éébliﬁ Ca 1Al ﬁiérshb& @ef%gh ticBfveli f?lggﬁedhﬁg‘eé@éh-back of the

ratures egrees
comfettedh pbaioki cpi maé mbmlh\tmhm of &[émppmvefbmddnqaommpﬁvz while
onpound to anot her chem cal ound capabl e of

Slm%@n?@slyd?lﬁtwwgéh?jtof’ﬁ&fépméQ—‘vg n@ro{ of mefcaezer@weméden 602.
remai ning overburden 602' at the fixed substrate
[56]t e hpepeattiame’ 15BIf theagveghurdsmapqstion 607 '@rselbsialmtiaﬂer pd\anarized then the

met éﬁ)%%@pl%?r{c} L&I&r&}geﬁyt 18\é>gﬁrab81é§il§§ %veéburder}_ﬁortlon 602 is not
subs?igﬁﬁ%lanﬁﬁzteﬁrtﬂéﬁ {h’égnétﬂg‘d §¢;@ﬁfor@ %Bﬁt‘i}gﬁ% of@MY&] FdPibove. In one

et ch- back converted portion can
embbdiagnt, @pbnahknsrmﬁe')(/lél cao foctlkrdn sxblp pethiroa ginple et@rehpmbes. dn an

602, ile sinultan nar12|n the t a
alter{a;étw& em ?qtegpeéqtlop%gg %Bgrrur &% 1B ap e 18@)‘28'? [O:Z% grriﬁw down
forcé)@ Ilr?tei&aslﬁlé ag 1(3\(]% tlrﬂlg ZSe dﬁﬁrﬁﬁﬁg ?)[b}r]ﬁpé\téﬂﬂﬁd Fggéré t6?% ra}xg shown in
]ﬁguﬁﬂ@D.Alternatlvely, if in operation 715, the

over burden portion 602 is not substantially
[57]1P! TR&R{cfRA o 6&&@1&5 fecABidiadti QRes GAI70NS HeQREd AUepdhar bulk

operation 705 above. In one “enbodi nent, operations
remar@bpotesshat poorms bath planarizgtioniof the nsinrpjimar everhurden portion 602

chanb I n.alter atlve e operation 710
and I‘&W&ﬁ%ﬁﬁw Byt B SR PR ECD or 1 ow: down

e CMP processes to achieve the substanti al

[58] pl %ﬁaiocab@awza@w ofghe psiigiss 108,609Kk8nMHe udﬁterrmm@% fheoggh any one
or m[o? clf s-weera to%qa}g)e? ?ﬂlgﬁﬂe‘ggﬁﬁ gﬁ Icig E[éc%ﬁ&]o%gi%s ﬁlagﬁreqi?lﬁgﬂ'ig the art. By

process

way @13 Eiﬁﬁﬁ& zﬁhCHdhy Bﬁl@ﬁﬁ kot tAma tHehRicked’s Bf @B @Kerburden portion 112,
over burden portion 602 and renoval of the bul k of the

112’0 et erlslydesrepiensas fEGBPcan accurately measure a very thin layer of conductive

film (e.g., less than 1200 angstroms thick). Accurately measuring the very thin layer requires
that the component of the ECS signal that is attributable to the eddy current in the substrate
must be substantially eliminated, minimized or compensated for. The thickness of the very
thin layer of conductive film can also be measured within a multi step process such as within
an etch, CMP or deposition process. By way of example, within a CMP process, the
substrate being processed can be moved away from the polishing surface and an ECS can be

moved to a known distance from the substrate to measure the thickness of the film on the
11



[58] The | ocal planarization of the substrates 100,
600 can be determ ned through any one or nore of
wa@ eoaosd26&known | ayer thickness mappi ng technol PQi/E82004/007527

that are known in the art. By way of exanple, an eddy
current sensor can map the thickness of the overburden
portion 112, 112'. An eddy current sensor (ECS) can
accurately measure a very thin layer of conductive

substralemThe sgbstrateemsl/drhignECS @8n 88 gaived raativeit6 he another so that the
Accurately measuring the very thin |ayer requires

ECStqgamaprbe ewifs Shdie Bithe #ibsits asd dieeabyndantify e location and
eIk bt BRlE i on B S S RERBpelle T Sea o

1591 o TBE AT RS PSS b s b G eSHRbE Hris approches
R )
portipnotleseyer, nethoslsibsd satenbddsadbedrio Fessed - aboedomotatirectly

s R T SRR SEATER U GoiPbHGoedBubRaiE Can include

v RS0 A BBSRS Py DR LAy ks o

of the wbisstratt andanichr aon-un&ofhities et e nobloedliedlpathotgedd one
anot her so that the ECS can map the entire surface of
[60] h_pigigﬁbgtsraaﬂ&maa drtsd Bthot Sp&tatibey 86(6r do?&@fih;??lo@ﬁ'lqlon—
thi ckness of the netal filmon the surface of” the
unifaypiitesriataecor{idt witheoneenibodimen df thegresest idesatidnbda operation 805,
Fi gures. 1-7 above describe varjous approaches to
a subSHEBANITE P97 DR PR TSGR 25 fsaRPpAItci fersagARt non-

_ : . e . . o ]
T U S Er! i B 11 op Bt 81, (AEEMEeg non
uniforotitichi are sittistantidticelasimaed sndcis through CMBEECP or the methods and

non-uni form_ties. obal non-yniformties can include
Syste\vasrdeé?rmf;ﬁémﬂgw%n%%abomr@gy StheRmedadAnopR i e Fenpustantially
remding BF 1A R QAR RAIRIER i Qb AR ARGRoaf) phlifized overburcen
portiboeadh sehe plarsmived oaerbhfilsh pbitiur i 28 shasvrinfHigwve Baabove

the nethod operation 800 of correcting global non-
[61] UNFio@fd §HoR® d AbAGHAINABHE VA, hlin@REdTRRR IR Porfbn 6'in

present invention. In operation 805, a substrate
accotfau¢ayith ovatinbetimeonefithe pesernttinwestieucFheagibstantially removed,

f eat ure- tern, d ndant nan- uniformties in the
Plangs 2R Gy RHBHCP GPRIOB 0 o BE &g BTy b Bue BYiTm pazton Spefuas a few
hundrQERIgk#88s HPRickHeYsf ormi ties are substantially

el i mnated such as through CWP, ECP or the nethods and

1621 2 SRR S: € S tale LR b AN G merped to
identif9Gal iqaadifpany pobilGoRldniRsmitRE KBthe pwxfaﬁimde%dr}ﬂ%n portion. The

|l ocal I'y planarized overburden portion such as the
planasizgd v ¢rburden pertivnicde he pwmppedwith 22y oshenmoterof e yaraldkr@wn layer

thiclﬁgsgﬁégp%%%%ﬁ%&gﬂsag%ﬁq%hf %t ; ﬁg Ideaslcl*igeci a rg%,\é'e q"he mapping
can be in situ (within the current process chamber) or ex situ (external to the current process

chamber). An in situ mapping process can also be dynamic and allow for the subsequent

processes to be dynamically adjusted as the subsequent processes progress.

[63] In operation 820, the location and quantity of the global non-uniformities, as

determined in operation 815 above, are removed in a substantially mechanical stress-free

12



accordance wi th one enbodi nent of the present
i nvention. The substantially renoved, planarized
wo@ajs2een portion 902 can be a relatively thPEI/US2004/007527

over burden portion such as a few hundred angstrons in

thi ckness. [62] In operation 815, the substrate with

the planarized overburden portion is mapped to

identify and quantify any global non-uniformties in
proctd¥ebypddpunging ae dtchingrfrotedeto Judedsk ¢ie. spddific rqujuirearehied the detected

over burden portion. can be mapped with any one or nore

globgk nageyrfosmites dha finishestch prREeSR: r%%yamwaﬁgﬂ% dEWsarmgingg
overu?t%%n ﬁEﬁlolﬁ%%érQ nﬁﬁgxﬁ{aﬁqll\?ﬁg(g 51’?%%&591@ glu@l? H]\I/I%E czﬂ]tgr and 300

€ curren

angsﬁbﬁi’mmbk ofithecadgs] then {IRXtEHE 8dn Beladyiibtedosuich it tk&rdbﬁ%?p% edge non-
chanmber). An in situ mapping process can al so _be

unifelyrtihgas bsmnmpmwdffgr 5q thl@th babsiéglparrier 13en & He wald be exprsed
simUASTAE e SR oG o By BiR? HER AR bove because

no nfteRMiédl Yoreb istdpplied RPdk sifatétivkiak Mhd dte6badkSprocess.
deternmined i n operation 815 above, are renoved in a

164150 50 Biele el SATRERBRGRY abLDEAS uhifer) i Wiclected is selective to

barriet Ryl 0.6 @4l$ efch tiadshrgsisat aheuchpb®vdrirate tieathe eamm will etch the
of the detected &)Iéobal non- uni forrriti es in a finish

COPRSE.che-pt bipteakselaglivitajange 0@&%{1?5{ eich pyerthaerier &faki iRithgge processes is
grea%\( ﬁ{a?x%ﬁjgm ﬁ.ﬁrlis's %‘ant a%)%u %d%’zﬁ r\]hgﬁ ﬂgﬁﬁ% aIEf)? pecesse§ f,]e g EXcess

rons er a rons

rem@al bhmeedg@cuwﬁfatemelz@m tﬁ@f&aﬂe&mmdq)uamyl such that
the center to edge non- uniformty can be conpensated

[65]F Ofrh8 gish%ttchtclﬁﬁ hawd fe'ia?w%@fs'ié\ﬁ btch 8¢ fol' i)gth‘r’)\ér gk)er&“ the remaining

exposed simultaneously. "The stress-free ess
overbweied pottioa 0¥ ang theiiaerier laim; ¢10 benirniresanlyeesess mto the features102,

mechani cal force is applied to the supstrate duri
104.t108 vatheresirette § ?b%?g%mg[hswﬁt heen Qh qoﬁarpgr Yer L0 gtk apsult, the

f1n1s}{%kéﬁec§nﬁ)5t HVO% @éxfy %’[ ée?&ln@ﬁ %@I‘E tHe%oﬁﬁ%}\-Aelclt egt |C f] .

ective to

[66] ba%,hl!n%ﬂ gfa El-bélﬁ]g'éFoce%S c&n a{sgrbtgi}&hacgq%n 5’1@1'631@?? Q;Fﬁﬁa\?lgﬁcggesgfmcludes

etch HAPPBf the ek MedridP BAd/beihe LD Mndt&lidl "\kﬁﬁeap?hgfrﬁ%es@%c'u%ty and
greater than about 1 but |ess than abou and t hat

unifwimity qontrohsuzk theat yherfwé ss@em@ @rtgfldeseub@wlally@hhﬂabf uofform and
th ? n]guct ve rrat %lhc in tgj%]f)ﬁat ures 102, 10

SUbS?(%‘?l Y PigBY Ieg{urcs |“ﬂﬁ CPBT At eisdeiey &y CQIPHF\RFeceSS is

g1ob§1§)¢tﬁgf résg th P Qb £OROE bt AL chdEr theMRbNYand barrier removal

en portion 902 and the barrier layer 110 to
processas)mlz thisimgtanes; desfinahtwhivreld matude @sihddrm pidbéss tb@ech-back the

masl%mg}a?an@ ptgf}t@ht s%ﬁgpneulggte el n tcgg]lgqggct)ssgga :‘Illgﬁlrnélt%% H}e copper recess.
I R i
subsirael tergipetatutdie 16w i@ k., kiss thahabbut @00 degiges O viltlemintain a low copper
etch rate while still sufficiently chemically etching the mask material. Any plasma feed gas
including halogen reactive species (e.g., CF4, C2F6, C4F6) can be used. Etch rate control
additives can include Ar, O2, CH2F2 and others can also be included.

[67] If the global copper recess and/or mask/ILD loss are non-uniform across the substrate
at the end of the finish etch and final etch-back process, then additional variations in the

recipe must be taken to correct for the global non-uniformities. By way of example, typical
13



etch-back of the mask material and/or the ILD materi al
Wi th appropriate selectivity and wuniformty control
wg@omh/os42e6 t he final outcone provides substantPEl/U§2004/007527
globally uniformand substantially planar features
with mniml copper and ILD | oss (e.g., any copper
recess is globally uniformacross the substrate 100
at the end of the final etch and barrier renoval
instApEECRS a syt of Btch Mod-unifetraitg e debweibbi aatermérdhstwpelige fast etch
i nclude a uniform process to etch-back the mnmask
ratesyel €itherl of Wes e insfagRess erbrosylyin 4/ Varitian i FRDPET E6pYernd{op saask/ILD
loss %&gsﬁhgl s{rgtgt Iﬁ%ﬁ%&%glgﬁ%%‘e%ﬁ %? %Chlﬁv%}ﬁ tg\@gur%r tﬁﬁ%l ﬁon £ obtain

ogen ase pro ogen concentra

globbBy plararFedudel &ithsishalRdoppéretpenak U6ss ultlﬁzing\ﬂpf)ﬁ)pﬁate uniformity
| ess than about 200 degrees C) will maintain I ow

and @eé?f’@é‘rty certeshs daring thpfipel @@h balcstffthq @ﬁ@@@@n@fﬁéﬁ@i clal thg instance

sk _mat er S
of a ittt i e SR S ie 10 rePi BBP% HESH AR cemyepor the
subs%ﬂéféhn 68 Borﬁﬁeﬂéﬁt%d foﬂifih Sk Fast GIRLT Bh b@qiqiréde\gﬁmﬁmelecnvely
i ncl ude Ar, 02, CH2FZ and others can al so be incl uded.

etch¢saiig mlagk tnla@ngl wiaingdo thresamedeed @s thedvoppentesdt in thp feasgess 102,
r n- Uni 0ss.the.substrate at th
104,108, 5Bt RelsB SR ee i s Reh Bt bt i Varitions of
the rBEge td I%Bﬂhe Yﬁ*dn@ﬂohﬁﬂ? chfitrdl %ludeeﬁbﬁﬁré%pe?zﬁuﬂe%ﬁﬁtl(Srpacross
correct for the global non-uniformties. By way
subsgr@nphdluxtipgfonaity cdBrol) 2a90ehcOB4RH6s RCI ¢haﬁﬂ:@®wa006’rﬁﬁérature

i nst ances a.result of etc on-uni formt
Verigfagis i GO Sole i belds Tear gl A Specu e hgten, sppstrate
tem kz&ﬁ&%r r{?lfb1£ 4 nstances, can result in a variation

| n copper cess and/ or rrask/ ILD |loss across the
S ation to coun "
(6817 1S 1§ iﬁl%?lmﬂg?%les oo Y RSt T PGS eerm "abou
meaﬁ! 10 10%NIBYEY aE SRRampi) the Mizkse!"asut 850 UbgZb&dC" indicates a range of
appropriate uniformty and selectivity controls

betwien P2gdegness G and 2’6 dagrasack Iowill hefurtek Aprireriatad gt Hie.instructions

In th nst an a cent rfast finis tch proc
reprosButfl By M oRriGpy Bl FRuES 81 FridrE ot oDl eaPhg T Fitne order
1llus§b{@§taﬁ1€tﬂ?&t QA MhdFocQIRgRERERAtdIYy tﬁé/ oﬁé}aﬁqﬁ%iyﬁ%t bk heé"éssary to

back process whi ch sel ectively " etches the mas
pracmmt thc irsdentian. buither, the frbeesseamesdribeé in Biguteh o, ¢ apgh8rcan also be

| evel .in the features 102, _ 104, .106. Typi cal
implegpaied i1, 30V B AR 2R ORhpLorsombmetons SEE RAM. (g ROM, or a

\V/
B o B R pp B S 1R Q. 1ProBEss control
systen@X | ati on across substrate, ion flux uniformty

controls, gas concentrations and chanber wal l
[69]t eAMBH@SHHNE foredFHh %ﬁ{\ﬁeﬁtn&l ha beer téehbsPin@ekeVdetad] for purposes of

i ncl ude  reactive hal ogen speci es concentration,
claritpifsmdensiendingnip wilhbe aepar@m dhab p@@aup olranges gmpomlcatm may be

erein.in connection wth,the cripti,on, of
pracfiéHahihin The PR Ghihf Roninifa g RELIRET g bisrefiggngriments
are t6HE Bpflls@der&ﬂ% iNHB%iCe 280 A re 4R AL B BB ifventiBA i Ct €5 b@limited to

range of
the details given herein, but may be modified within the scope and equivalents of the

appended claims.

[70] What is claimed is:
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bet ween 225 degrees C and 275 degrees C. It will be
further appreciated that the instructions represented
whgootlogs2eper ati ons in Figures 5, 7, 8 are not PETyUSI004007527
to be perfornmed in the order illustrated, and that
all the processing represented by the operations nmay
not be necessary to practice the invention. Further,
the processes described in Figures 5, 7 and 8 can al so
be inplenented in software stored in any one of or
conbi nations of the RAM the ROM or a hard disk
drive of a conputer or m creprogessor control system
(e.g., a process control system. [69] Although the
foregoi ng inventi on has been described in sone detai
for purposes of clarity of understanding, it wll be

ap i i £ ] Jbe
L oAb Rl R L oS B S PR R K B PR e
Accordingly, the present enbodi nents. are to be .
CoFRFREHEAPAETRT FOnepET SR G oY et SERGAYe injggponnect
g : : e e . .
N O B b 0 DAV BBl magrial
havieg an vedrbmidsn pbrtionchavagpdocdidedhai-nmiforni} What i s
claimed is.. 14 WD 2004/ 084266 PCT/ US2004/ 007527
c ?e}rﬁ@vilagla b kPRItGof 188 oPérBl@Eh Borlign 2o PRbLEFIE overburden
sem conduct or substrate conprising: receiving a
portigat t er ned seni conduct or substrate, having a conductive
interconnect material filling a plurality of features
i nniappingahd erbstantifléy lwortudanarized overbwrdem pottiondd deteahine a global
havi ng an overburden portion having a localized
non-4BHoRFHIE 8R¢%i ty; renoving a bul k portion of the
over burden portion to planarize the overburden
poetchiog;theveybsiantjalihocalishslaratized pysrbuiden ppsfiop| ta st angidlly

over burden portion.to deternmi ne a gl obal
rmmﬁ@ﬁhﬁapgéﬁﬁgﬂyyﬁﬁwgyetching the substantially locally

pl anari zed overburden portion to substantially renove

the gl obal non-uniformty. 2. The nethod of claiml,
2. whdhemethodd\claig Ia vherdin promaviinga bflk pedicanveditheiodeburden portion
. rtion includes: formng an additional |ayer on the
Hwh@@%rburden portion; and planarizing the additiona

| ayer and the overburden portion, the additional |ayer
befgsgrng an additional layer on the overburden portion; and

planarizing the additional layer and the overburden portion, the additional layer being

substantially entirely removed in the planarizing process.

3. The method of claim 1, wherein removing a bulk portion of the overburden portion

includes:

forming an additional layer on the overburden portion by chemically converting a top

surface and a top portion of the overburden portion; and

etching the additional layer and at least part of the overburden portion to substantially

planarize the overburden portion, the additional layer being substantially entirely removed.

4. The method of claim 4, wherein planarizing the additional layer and the overburden

portion includes a reiterative process including:
15



substantially entirely renoved in the planarizing
process. 3. The nethod of claim1, wherein renoving a
whedok/opsé i on of the overburden portion i ncl UPEBUS2004/007527
form ng an additional |ayer on the overburden portion
by chem cally converting a top surface and a top
portion of the overburden portion; and etching the
additional layer and at |east part of the overburden
poetching thoadditisiaAmdyesl | y pl anari ze the overburden
portion, the additional |ayer being substantially
enfqrrEng 2 pesepd agdditignal iyentBehod of clai m 4, wherein
pl i Z 1 | ayer and the overburden
po?@ﬁ%ﬁ%?%%Fbg§§&§9?%$?@?%tive process including: 15
WD 2004/ 084266 PCT/ US2004/ 007527 etching the

addi tional |ayer; form ng a second additional |ayer;
5. andhe gregidf daim beadsrrdn a9aping diatubptapéally lgcaliprplanarized

hod of ¢l ai wh ' ' .n b ially, . .
ovrFAR S B 505 A BRP R 0P RAAER A aminy
localy gﬁﬁhﬁmmv@fﬂuiwnrpowoﬂ With ksl egdy@apRinh Enkbe

substantially locally planarized overburden portion
with an eddy current sensor. 6. The nmethod of claiml,

wherein [ t he subst ant.i al | ocal. | | gpar.i zed
6. oy SPETRIR DoTmoh B L aRin B RaRugty Bedihifea
overB@deh Bbitdhth W¥tehiink Wd8sbalBRRiM e iﬁélﬁaésafﬁﬁmﬁhé]bhe substantially

| ocal 'y planarized overburden portion in situ. 7. The
localieploatizst] aykdiundeb, poviiverisisituet chi ng t he substantially

| ocally planarized overburden portion to

substantially renmove the global non-uniformty

i ncl udes adj ustin etch recipe to conpensate for

7.t h&hgmethad ¢f s ,fv‘g\gfﬁili ¢tchigg theaibprantidly loeally planarized
! o ; o . .
over e B PR ST EM Dt RSPl RS s

_ _ _ sta 'y “renove 1 (
etch@&ﬁ%dmlcfoﬁfﬁéhéaye fon eheidlE5al Ao Shidninkia). | y el im nating the
gl obal non-uniformty w thout inparting nmechanica
stress to the plurality of features. 9. The nethod of

clajml rei.n etching the substantiall.y l.pcally.
. o) ThahiounaSHsTuR L st P iRe Mg ARy e Featinet o
overbil@e@hORdh t6 SibstmtihRY fnidve HCIHBA hofluFoRMity thelRP QBtantially
a barrier layer forned on the patterned features. 10.
elimiflangriterglobad honjuaifpmaty witeous impartieg snechanieal suessdo theeplurality of

to the barrier.
features.

0. The method of claim 1, wherein etching the substantially locally planarized
overburden portion to substantially remove the global non-uniformity includes etching to

expose a barrier layer formed on the patterned features.

10. The method of claim 9, wherein the etch is selective to the barrier.

11.  The method of claim 9, wherein etching the substantially locally planarized

overburden portion to substantially remove the global non-uniformity includes substantially

minimizing any recesses of the conductive interconnect material in the plurality of features.
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11. The method of claim9, wherein etching the
substantially locally planarized overburden portion
wo oosokeb@nti al |y renmove the gl obal non-uni f or PET/¥S2004/007527
i ncludes substantially mnimzing any recesses of the
conductive interconnect material in the plurality of
features. 16 WO 2004/084266 PCT/ US2004/ 007527 12.
The nethod of claim9, further conprising a final etch
12. pr dhessthc cfwidinag) furdick yompesing e finhketblapfocess tb ayttantially
formed on the patterned features. 13. The nethod of
remqyjedhebarpier W@rgpﬁe‘t prethe patiermed fs3tWesocess i ncl udes
renoval of a mask material. 14. The nethod of claim
1, wherein the conductive interconnect materia
13. i nTheldeshodostriet. 121 WherkhietheginAbelcloproebaiindlideswab il df a mask
t he conductive interconnect material includes
mategiabnent al copper. 16. The nmethod of claim 1, wherein
the pattern is formed on the patterned sem conduct or
substrate in a dual damascene process. 17. A
14, SeThé afeehiselt FiclARv, Ghefed e EoRduchi varitbRent@Mihtesial@cludes
receiving a patterned sem conduct or substrate, having
coppgr.conducti ve interconnect material filling a
plurality of features in the pattern, the conductive
i nterconnect material having an overburden portion
15. havh&ghethddstldimead wheritihec8hdidive ifte@BYieOmateBYl Hcludes
portion of the overburden portion to planarize the
elemental tappden  portion; mapping the substantially locally
pl anari zed overburden portion to determ ne a gl oba
non-uni formty; and etching the substantially locally
16. pI @H@ﬁieﬁﬁﬂ SACRERYT %@reﬁpfhts'pﬁﬂeﬁl(?s fothRl %Htth@édtﬁémeﬁ%gﬁ’ﬂc%nductor
the global non-uniformty. . A met hod ormng a
substtatalin d dmalstaerascanntpercesmnect structure conpri si ng:
recei ving a dual damascene patterned sem conductor
substrate, having a conductive interconnect nmaterial
filling a plurality of features in the dual damascene
17. pattsemicondheton dewy fpona] B4 PREECPIWSEDGL/ 007527
conductive interconnect material having an overburden
poreceivingrapdtiegned skmamhdwstaor substrate, having a conductive interconnect

material filling a plurality of features in the pattern, the conductive interconnect material

having an overburden portion having a localized non-uniformity;

removing a bulk portion of the overburden portion to planarize the overburden
portion;

mapping the substantially locally planarized overburden portion to determine a global

non-uniformity; and

etching the substantially locally planarized overburden portion to substantially

remove the global non-uniformity.

18. A method of forming a dual damascene interconnect structure comprising:

receiving a dual damascene patterned semiconductor substrate, having a conductive

interconnect material filling a plurality of features in the dual damascene pattern, the
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uniformty; renoving a bulk portion of the overburden
portion to planarize the overburden portion
WO p@iosi2zeg: form ng an additional |ayer on thePCT/US2004/007527
over burden portion; and planarizing the additiona
| ayer and the overburden portion, the additiona
| ayer being substantially entirely renoved in the
pl anari zi ng process; mapping the substantially locally
condabaveaintereshneviemnbteri sleavingranicvarbuedefigiotidt gz Plookiaded non-
.non-uniformty; and etching the substantially locally
unifsifyar i zed overburden portion to substantially renove
the gl obal non-uniformty. 19. A nethod of formng a
dudmaeiang s betepormtreoicbe aearburden pettiondo planpuiiesthegverburden
receiving a dual damascene patterned sem conductor
Pomgﬂt‘_)%ctl'f‘éﬂlg', havi ng a conductive interconnect materi al
filling a plurality of features in the dual danmascene
pat t er nfornHeg ag @%é@taﬂ lager o e oerbaerdenpartian; and havi ng
an overburden portion having a | ocalized non-
uni f or nplapariziegthei adgitmnblubyer pod theorvedfurddrepartien, Whe akiditional

ortion to.planari,ze the .qverbuyrden. portion
layert heing SHORGRUALE SO pmalFdile fs RO ARG DTaseS e
over burden portion includes chemcally converting a
t oprepping dkesubsiantalbyolecylyrilansrized ovarbuigen pertiod éndetermine a global

; i on.. d etching the additional |ayer and at | east
nongﬁﬁ%hgg‘ﬁﬁg over burden portion to substantially

pl anarize the overburden _portion, the additional |aye
beftf ngﬂi‘bf‘si‘gﬁiaflﬂi‘el[ chﬁfml? od 8%5@3,% ReIHOR hgySyhsean fafly
j Vs y pl anarized overburden portion to
lﬁnuigggﬁ%@hgngdfgggﬁh&hon-unifornity; and etching the

substantially locally planarized overburden portion to

substantially .renpve the global non-uniformty. 18
19. A method of forming a dual damascene interconnect structure comprising:

receiving a dual damascene patterned semiconductor substrate, having a conductive
interconnect material filling a plurality of features in the dual damascene pattern, the
conductive interconnect material having an overburden portion having a localized non-
uniformity;

removing a bulk portion of the overburden portion to planarize the overburden

portion including:

forming an additional layer on the overburden portion includes chemically

converting a top surface and a top portion of the overburden portion; and

etching the additional layer and at least part of the overburden portion to
substantially planarize the overburden portion, the additional layer being substantially

entirely removed,;

mapping the substantially locally planarized overburden portion to determine a global

non-uniformity; and

etching the substantially locally planarized overburden portion to substantially

remove the global non-uniformity.
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