WD 2004/ 084266 PCT/ US2003/ 007527 SYSTEM METHOD AND APPARATUS FOR | MPROVED
GLOBAL DUAL- DAMASCENE PLANARI ZATI ON By inventors: Shrikant P. Lohokare,
Andrew D. Bailey Ill, David Ilenker and Joel M Cook BACKGROUND O, THE

I NVENTION 1. Field of the Invention [1] The present invention relates
general |y tgqugualdanescene sem conductor manufact uri ngRhHRsRSHES:; and
nore particularly, to nmethods and systens for planarizing features and

| ayers in a sem conductor manufacturing process. 2. Description of the

Rel ated Art [2] Dual damascene nmanufacturing processes are becom ng nore
common in sem conductor manufacturing. In a typical dual damascene

manuf act uri S i i e

previ ousl'y SesHdrREMERIKEE AND AEPARALYS UL Tadph AN ERECEAL 2.
or films formed on the BQM@JJBAM@[S@MEFEL@‘LNARIZMH{EPNdeS' red
electrical circuit interconnects. Be;)ﬁﬁ @Qr overburden portion of the
conductive material is often forned e overburden portion of the
conducti ve nat erShakant §. Lrindgessiahyw ahBailgndebividbBtgcand Joeldd. Geokr enpved
both to produce a damascene feature and to‘ OV | de‘a pl anar surface for
subsequent processing. [3] CROGROUDIAON YON he conductive

material ig ty I Y& from t he sem conduct or substrate through
chem cal ngchaﬁlglg{ df}rgh'{ Q;EI ng (CWP) and el ectro-chem cal polishing (ECP)

(e.g., etcfjng)mp e fa cesses. Each
of these pp ZcesTse alztsig‘?cna 10@35?%%%1;5?@%'@ aﬁgféeﬁlé‘&ng@é@%@ | e, ECP
typically Jlnarmfectmr@hmaewek yand owdﬂrmtmm@hbuto mqatm}s anruhmfsmmmfmyplamdzingabi lity
to effecti ve non- con 4] CMP requires physical

re _ ve
cont act pr &@Eﬁgggc ?%H“i%fﬁmcoé{ﬂ‘f@ml%ﬁ\}‘ a"%‘r’f@@b‘i‘cf e residues, or cause
corrosion vari ous or result in non-uni form renmoval , and
the inabi®i tyrﬁ‘ﬁc’éml‘?’h‘m‘gﬁ&eéﬁg{r‘?‘zte i nterconnect and interlevel dielectric
(ILD) top surface an a%so .cause stress rel ated dana e (e.q.

i nterl ayerl?del é?ﬁ%éi”?%ﬁ‘ﬁeﬂeo’@@r‘ ARGFINE BIOFETIE KT PRFCTIIHBYE GAMBEE MAnd | LD

structur eSgemTJb%d@Vﬁ tﬁﬁq‘tlﬁa%ﬁruﬁ& I BSStyHRREG] daPnabdéhd Bﬁﬁufﬁ‘éﬁ@i‘ﬁ?g hatd Y or t he
very poor inter-|layer a dhesi on characterlstrcs of the nore- recentIy used
mat er i al s.more conductive materials are deposited in previously patterned trenches and vias formed in

a semiconductor substrate or films formed on the semiconductor substrate to fornt the desired
electrical circuit interconnects. An excess or overburden portion of the conductive material
is often formed. The overburden portion of the conductive material is unnecessary and
undesirabie and must be removed both fo produce a damascene feature and to provide a

planar surface for subsequent processing.

[3] The overburden portion of the conductive material is typically removed from the
semiconductor substrate through chemical mechanical polishing (CMP) and electro-chemical
polishing (ECP) (¢.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 renoval, 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.
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1 WD 2004/1184266 PCT/ US2004/ 007527 Reduci ng the physical force of the CWP
process to reduce the physical stress can often result in unacceptably |ow
t hroughput rates and other poor process performance paraneters. [5] In view
of the foregoing, there is a need for an inproved planarizing system and
met hod to unvéoeshys@nd substantially renove overburden pmtghhdhowtt | e
mnimzing physical stress to the remaining features. The inproved

pl anari zi ng system and nethod should be suitable for use in sem conductor
manuf acturi ng and shoul d be applicable to processes such as a dual
damascene process or other sem conductor manufacturing processes. SUMVARY
OF THE | NVENTUcO hé&phyBicabidicy of preakitPgroctsieo RUSSARE pliydNeniianah bftbsetihese
needs by providi n%{)? s\ést_em and ne%go_g for planarizing a patterned

sem conductoM S BEPPAPE DprahoHgaiey Mo A preiciratcatPy Framanas aapiesent

i nvention fsjn be i, Igrrer_\t.ed,i n _nunerous ways, including as a process, an
appar at us, sy Vé“'r??‘) Befiesing Batsdbp 8coddar 4 improvad gbppigans Seiperar

i nventive sebedid@itemlohdbhiRREAREIholONRRLLAD A& ASRGE [RRihgl ow [7]

One enbodi nent provides a nethod for planarizing a patterned seniconduct or
subst r at e. PIpKisalaesod teremaiting feaswed. vilegmarqued plenarethssesiioend uethod
substrate. , sem. conduct or s trate having a conductive

i nter connesch;gnﬁi&egrgft%% ]]?)I? 79 1ﬁ§l n%??#ﬁﬁmema%l#%‘?ﬁ;s“é%’}glfpggﬁ?%d g%@@é@%‘ron. The
conduct i vepioatserscorinsct dupipdaatisahe iavésagr ancovelddunden mPorkigng The

over burden_portion having a | ocalized non-uniformty. A bulk portion of the
overburderfng%crgfeisbn is renoved to planarize the overburden portion. The

substantially locally planar Ség@ﬂﬁ@&ﬁpﬁﬁﬁ%@%éﬁ 8% is mapped to detern ne
a global non-uniformty. The pl anari zed over burden
portion i t ched substantial | y. renpve. the | obal non-uniformty. The
pattern cz[rquen?g?&rlwg“eg%n%’ﬁge %éstcfléﬂlh@&loggim H’SFFQ‘%@&%}PY HOBStEasE P Ay dual

damascene mpetboeks plah8]ziRemmitcngd tdgchidubier ROELAQ M doutdis: Hpechwuden grortion
can include formng an additional |ayer on the overburden portion and

pl anar i zi Mg~ PR $adPE FEIE PPEER e NERECUSOV BOF dne pOt PoBRSS: The
addi tionaly )i)z@'}i{t@!i, AQ4BY, &t Ml@@[@,’[drrzx‘?ﬂe%cé.e@.\éﬁqin'v L& muBlGRAL! 21 ng
process. [ Alternatively, renoving the bulk portion of the overburden
portion c & erwesgianvention are described below.

(71 One embodiment provides a method for planarizing a patterned semiconductor
substrate. The method includes receiving a patterned semiconductor substrate, The
patterned semiconductor substrate having a conductive interconnect material filling multiple
of features in the pattern. The conductive interconnect material having an overburden
portion. The overburden portion having a Jocalized non-uniformity. A bulk portion of the
overburden portion is removed to planarize the overburden portion. 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. The pattern can be formed on the paiterned semiconductor substrate
in a dual damascene process.

[8] Removing the bulk portion of the overburden portion can include forniing 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 buik 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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formng an additional |ayer on the overburden portion by chemcally
converting a top surface 2 WD 2004/084266 PC 1'/US2004/ 007527 and a top
portion of the overburden portion and etching the additional |ayer and at
| east part of the overburden portion to substantially planarize the
over bur den poo bd@osszéshe additional | ayer being substantjga@lliyegntissel y
renoved. Planarizing the additional |ayer and the overburden portion can
include a reiterative process that includes etching the additional |ayer,
form ng a second additional |ayer, and etching the second additional |ayer.
[ 10] Mapping the substantially locally planarized overburden portion to
det er mi ne au@i@babukmmﬂﬂmmﬂh@nﬂmﬁMndammkhﬂ&mﬂﬁmaampﬁmg.hhﬁaﬁ&b&b@np&ally
| ocal |y pI rlzeg qverburden ﬁort ? with an eddy current sensor. [11]
Mappi ng th8 %B%etr HEFRPPYOT GSAPIRRLp) yaﬂ%fﬁ“%‘“eﬁ‘@&‘z%‘ﬂ?%%éﬁh%ﬁ?q Biogal

det er m ne Rmy@ltebalsubdem i fRaPidibve@NPlhnehHdendRRRI A LIe SRSt antial |y
local Iy planarized overburden portion in- situ. [12] Etching the

subst ant i aPYSPYGERI YO8 freetide adel svesivp orogess thes irtclugias etohisgithstrdditiowl | y
remove they, 1?4001%?1;3111%91%0&{%'(1%8&%&1}' la ??rnaddr%%h%ig[e[iggé g\rﬁ bd?:ﬁ1 i ng (fh recipe to

conpensat e r the non-un ernative y, etching the

substanti alshy |63 Iwmel ARBLLAR 0N ELRMEARD DOLILED pofon RUREH A 2ok

renove the g nonh- uni form € Su yel'imnating the
gl obal nomeawnirfiformity y'm\/md:lhdmhappl{ngahet subgranxtligasuatiaplasictR8 svdrburtidiepdamidit | pl e

features. &i@ kgpanqgger alternative, etching the substantially locally
pl anari zed" ovet BUF FEHCBSFEPon  to substantial Iy renove the gl obal

non- uni f or y .can.al so include etching to expose a barrier |ayer fornmed
on the pat é‘ga&%%t lﬁ? élg?Sl'liﬁllﬂg Iydeehy e%i*ﬂalb?@d §éffi@ét1?%01 tien torfleteayE pefobal 15)

Et chi ng t hensibsian écﬁahﬁd{ud{:QQEHp!n)g (R @'B%’éﬁi?aﬁ? 1QMRY B‘éﬁgﬁed %]BLII% dcPion
substantially renove the glob non-uni formty ‘can include substantially

M ni ni zi ng"&lYy recesses of the conductive interconnect material in the
multiple features. [16] A final etch process can al so be included. The
final etcHl %koé%@%miﬁﬁS@mb@ﬂdhﬂm@ﬂvyMBwawéWEMbmémbath@ﬁnwhyenwﬂprned on
the patter et REAGE val of
 ratk. o FC R o IR R Gl e R B 0 o s MEe e
copper angfaml siremefur@lty.copper. [1.8] Another enbodi ment includes a
sem conduct or device fornmed by a nethod including

[13]  Alternatively, etching the substantially locally planarized overburden portion to

substantially remove the global non-uniformity ean include substantially climinating the
global non-uniformity without imparting mechanical stress to the multiple features.

{14}  In another alternative, etching the substantially Iocaily plaparized overburden portion
to substantially remove the global non-uniformity can also include etching to expose a barrier
layer formed on the patterned features. The etch can be selective to the bartrier.

[15]  Eiching the substantially locally planarized overburden portion to substantially
remove the global non-uniformity can include substantially minimizing any recesses of the
conductive interconnect material in the multiple featores.

[16] A final etch process can also be included. The final etch process can subsiantially
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 2 semiconductor device formed by a method including

receiving a patterned semiconductor substrate. The patterned semiconductor substrate
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receiving a patterned sem conductor substrate. The patterned sem conductor
substrate 3 WO 2004/ 084266 PC | (1S2004/ 007527 having a conductive
interconnect material filling multiple features in the pattern. The
conductive interconnect material having an overburden portion that includes

a | ocal i zed wonsnsmugsr§or mty. A bul k portion of the overhq&%gﬂmgg?%bprlis
ocal ly

renmoved to planarize the overburden portion. The substantially
pl anarized overburden portion is nmapped to determne a global _ _
non-uni formty. The substantially locally planarized overburden portion is
etched to substantially renmove the gl obal non-uniformty. [19] Another
enbodinenthhﬁcgmds@uahwﬁnmmﬂmuimhamﬂﬂﬁgﬁ%rﬂmabhd@m&&ﬁﬂmﬁqmnhﬂrqaanegt
[ ' i Vi tterne
Serm condus BTG THNE PR e 4 R A E e Ui b e g
substrate haiwémgya ACmEp&tiby 6f thé BIERE@MNREtor RSl td dihlahnmBubibnkie,
features in the dual danmascene pattern. The conductive | nterconnect
material haYHAY &hF BPEpmildiaboriersicd perburde nodées iamapalth deemine a
ol anari ze. Lhe avaRoRe il pae iRl bl BRI AR bR SRR 1
e the overbu :

gvgng:éens%ﬁmﬁﬁﬁwf@ncwuhgshbﬁmnﬁm@ﬂanﬁ@dditional | ayer on the overburden
portion and planarizing the additional |ayer and the overburden portion.
The addi t [18hal Adaferenteilingnsiutisi@nthahddofdotniingh yud Gt’zﬁ?&’sﬁ(@jﬁeliﬁteicgﬁnegt

i zi i rbur den
Por 1 on i 5 HHaRed o AaTLP TG Bogt Bl HORDesioF B ey PR GEIEt ant i al | y
l'ocal I'y pl absrdtz erheaier dusidene paldredRehR o/ dulsBas URghantdRLbiwe renove
t he gl obal, non-uniformty. [20] Another enbodi ment includes a method of
formng a o fesh S S ing BrLipteres it the @edl demasthee nrgehodhe poldudiés
dammscene e oy SUBory A o Pty e T el
amascene patterned semc
i nt er connet Pulirmegiongi tfd dveimglenpbitioplsee fewtdn @ﬁt_nhmdtgemﬂhuaﬂrdedmﬁmg nﬁ
Port 1 on  Har Ak e oy S 30T e Bl i o Bk OV TIb SO0t he
over bur denhpovetihwdeni jBrt@nodethniudzifd te aﬂdi%@ al hgerQme iUy v@ﬁﬂadeﬁ) Q?ﬁiioﬁ._n The

[ [ b en portion includes form ng an
oyt 10 LBl KBRS Syl e et burden porty on, Lncludes orming an
sur f ace angdhsaankiemy 101?9?;];;151&1-1'95% ctvt%gmméﬁ EJQMiFH%}l@%EIE?%%‘gﬁ% O?g_gﬂ%g '{lglgii: a: figer
and at least part o e overburden portion ;
pl anari ze “E]jr"i‘é‘%ﬁ‘i)’e ribe sdeingaiht loewly plnerizddiveiboriah phisipeis etched to substantially

remove the global non-uniformity.

[20]  Another embodiment includes a method of forming a dual damascene interconnect
structure. The method includes receiving a dual damascene patterned semiconductor
substrate. The dual damascenc patterned semiconductor substrate having a conductive
interconnect material filling multiple features in the dual damascene pattern. The conductive
interconnect material includes an overburden portion that includes # Iocalized non-
uniformity. A bulk portion of the overburden portion is removed to planarize the overburden
portion. Removing the bulk portion of the overburden portion includes forming an

additional layer on the overburden portion by chemicaily converting 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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bei ng substantially entirely renoved. The substantially locally planarized
overburden portion is mapped to determ ne a global non-uniformty. The
substantially locally planarized overburden portion is etched to
substantially renove the global non-uniformty 4 WO 2004/ 084266 1' CT/1JS200
4/ 0075 2 7 W@idosdespresent invention provides the advamstiagenbo@ni m zi ng
mechani cal stress while substantially elimnating global non-uniformties
across the substrate. [22] Ot her aspects and advantages of the invention

wi |l becone apparent fromthe follow ng detailed description, taken in
conjunction with the acconpanying drawings, illustrating by way of exanple
the princi fi1@s oife ﬂnb&ni mvamrhh(pmvchRllEEd%%Rbeﬁhﬁmlﬂ?g nhédEa BRAVENSS E123] The
present inv nt| be r under.stood by the follow ng detail ed
descrrptloﬁlspﬁuﬂ%ﬁ%ﬁﬁ%?mﬁﬁ IW“ﬂW€m§89§ﬁbéﬁ§¥ﬁémﬁP§& ngs, and |ike
reference puneral s designate |ike structural elenents. [24] Figure 1 shows
a patternetfde @Sh‘i‘fﬂ?:ct‘bﬁmds‘"\%%t%éf g thynxetsy oraH Cecama wPyRR TaB6di ment  of
the pr esenfol]o@i(rﬁ%laﬂ@d dcl;sgrriﬂmnﬁ ﬂﬂéﬁn%o@b%n%tlﬁggé&bﬁﬁ 1rJgQV &lringdded in
accordance w th one enbodi nent of the pr esent |nvent|o% 26] Figure 3
shows a suB%ﬁ@%@EéVNVYpIeﬁ@nﬂwwepbmnmehﬁb@&mW@ﬁmnn accordance wi th one
enbodi nent of the present ; 2 4A shows the substrate
havi ng undergone a second 23 with one

enbodi ment _of the present |nvent|on 28] Fi ure 4B shows the substrate
havi ng und@%or{%wameartrm@rm%wﬁwﬂlepﬁﬂ @@éestpﬂd bade deltpsrieedeitiicd deraiption
embodi ”entmccfcmﬁh&oﬂr\ﬁ?heﬁ% adcBM 5‘&}}1 1a\LIﬁg9,s] o G Btepened ndndihRWERALt 9f the
nmet hod operati'ons of perform g aloca l'anari1 zation, in acd%r ance with
one enbodi #enturadeletieatspr esent i nvention. [30] Figures 6A-6D show a sequence
of chem cal conversion and etch-back processes applied to a substrate to

i ncrease IﬁMhIIﬁghémmhnw%epmmumdenMdaﬂeecmnmmumnmzemhdﬂkaemhooé t he

pr esent inv é? k g is a flowhart of the nmethod operations of
t he cheni ¢4l BWﬁ%P FERAH HEF@Hm back processes applied to a substrate to

i ncrease | I n|f rmt accordance Wt
ﬁgﬁ igure mwsy an adgmonaﬁ?aym added in acco18ance with one embodiment of the

present invention,

[26] Figure 3 shows a substantially planar overburden portion in accordance with one

embodiment of the present invention.

[27] Figure 4A shows the substrate having undergone a second etching process in

accordance with one embodiment of the present invention.

[28] Tgure 4B shows the substrate having 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] Tigure 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,



enbodi mrent of the present invention. W 2004/084266 11C 1/ US2004/ 007527
[32] Figure 8 is a flowhart of the nethod operation of correcting gl obal
non-uniformties in accordance with one enbodi ment of the present
invention. [33] Figure 9 shows a substantially renoved, planarized

over burden pesbi@isshés accordance with one enbodi nent oﬁwhheﬁmh SRM

i nvention, DETAILED DESCRI PTI ON OF THE EXEMPLARY EMBCODI MENTS [ 34] Sever al
exenpl ary enbodi nents for an inproved planarizing systemand nmethod w ||
now be described. It will be apparent to those skilled in the art that the
present invention may be practiced wi thout sone or all of the specific
det ai | s set3X]or Figukey iglaMlowlcBo] ofhemembodhammivh o0 toradtiih MPIoBY 8En RhARRifi& Ng
system and et hod praovi des inproved |ocal planarization uniformty across
a | ocal poFQWﬁwdﬂﬁeé“'eﬁﬁégwaﬁEFé?méUb@?*%&@V”WH% i nproved | oca

pl anarization upniformty substantlally elimnates [ocal nonuniformties
caused by f&Ht u?léglel)rﬁhawaéﬁlli‘%ﬁ%al YAy daplanajiapd ecrignden poréeposeacidnce
processes. wARhbEHbo&MBAG WRPedhiilgs, | MProved gl obal planari zati on
uniformty across the entire substrate (e.g., edge uniformty as conpared
to center unifor MRNYANERGDEECRUrEON chous Bxpart.eryddvisenivmndgct or
substrate 100 in a dual damascene process |n accordance wth one

enbodi ment (1t hecpl S88HMarl Bx&‘@éﬂxhq@ﬂs fobRE imHBedd Ahfiril0 sﬁk@én B&ERcnb@kher ned
as part of the sem conductor manufacturing process such as a dual danmascene
manuf act ur P PpReedesl: lnvidehsieppupnitie thasredtilicd upérmaertwuﬂmnwbenmuen 100. The
substrate 100y}, 1Q§1lcgggv§th?1]1t sgfng%z al?g ?’tb%&fm%&aﬁ% s?egfm e 102 (e.g.

trench, via, etc I"at ed ure 04 and several
features 1 t s al so
o udieq. ERL! 3. AliafighI ol ?{lfﬁ”%%?y PREN el PREURE n S iRy The
substrate m@ﬁp@maamﬁomdmﬁhnmeamﬂ&ﬁumaﬂ@ambnnﬁﬁammahmiaﬁ;aﬁﬂﬁu@OHQuCtlVe

i nt erconnect nﬁ q e co per alloy or other

conduct i ve"HALE %? PF@%T“%W ﬂmﬁﬁﬁfP@ﬁ”@?@kﬁﬂjﬁﬁemgﬁﬁéﬁét|ve

i nt er conneghsdiady @&:rabs 1142@(1@@11@@1@?@13 aRoMEatH8 iof @é?sb&{ﬁ% procQes. 106hine106 and

i ncl udes corresponding | ocalized variations 114, 116, 118 in thickness of
the over bUFeRSNINGH Progisies mmproyes! alehshplanarmetianamifermifear i el rabstale

corresponding ¢k L&ggu BFIER dk9'5H§M5nh@%ﬁﬁ§ﬁh°f the overburden portion

112 as conpare € sna eature ich has a slightly smaller
variati on ggl \/% @?ﬁ?o\% chY ?cnlﬂ% gq‘?ﬂ gt}alteoﬂ)o 111%(11131@%1191?&%(? {)mccp acked
features 1 sone i nCrease ness of the

in dc,couianc,e with one c,mbodlment of the present invention. The substrate 100 has been
patterned as patt of the semiconductor manufacturing process such as a dual damascene
manufacturing process. A mask can be used to pattern the substrate 100. The substrate 100
includes a large, somewhat isolaled feature 102 (e.g., trench, via, etc.) a smaller, somewhat
isolated feature 104 and several features 106 that are densely packed together. A barrier
layer 110 is also included. The bartier layer 110 is typically a different material than the
substrate 100 or a conductive intcrconnect material 120, The conductive interconnect

material 120 can be copper or copper alloy or other conductive material.

[37]  An 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,
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over burden portion 112. 6 WO 2004/ 084266 PCP/ US2004/007527 [38] Typica
etch processes etch the overburden portion 112 of the conductive

i nterconnect material 120 at a fairly uniformrate over the entire wafer
area and therefore the typical etching process will expose the barrier

| ayer 110 ngag 28uhiessh@r ge feature 102 before the barrlenwhﬁyg&”%;ﬂzpear t he
densely packed features 106 will be exposed. In sum the typical etching
process cannot planarize the overburden portion 11.2 of the conductive
interconnect material. [39] Figure 2 shows an additional |ayer 202 added
in accordance with one enbodi nent of the present invention. The additional

| ayer 202 i31f oryech] 6nh bepekts ettct}elh@waﬂmmqmnmrﬂimuwlcbaducTh@ addi ti onal
| ayer 202 can be a substantially planar fill material (e. spin on gl ass

(SOG), pol VEFPYEH Makaiay hdt at@é%lilgtmlf%‘m Agever PIRHFe PREY Ak wd Gris e

material, @niQt H&fing FBLAS bl mzpta@é € BREL 10 & 90 QK Me8aBl fNake St deagemand
whi ch has t'he appropriate etching characteristics). An optional,

rel ativel ybarhipnlafes 1 §f) neagBeulenby feoledfnatinas 04 eRlnssspossdnirormalthe tYiB‘yﬂér 204
may al so b%ﬁfllﬂ%hl"&ggfﬂg En \é\@qu Q?heacggwh d%'"? s%uom{gf of%ggc&{aqctwﬁnt%\é&ﬂgw den

portion e con arriéer layer "or an adhesi
| ayer. Thencenkbrmal |ayer 204 can allom/a wi der variety of materials that
can be used for the additional |ayer 202. [40] The additional |ayer 202

and t he ov@shur Eigmne RGhbwOM ddﬂﬂzdﬁ&M@yeﬁZSllhﬁlbcaH]t dcadrtiynct whtheine Bmbsémesitdfvi t y
so that a subsequent etching process sma or. gaseoqus, etch process)

(e.qg., pla
can etch BGPFSEREVERET i ‘dsardiigyal faveGE2aniernpdomnivrch EARTHEIE PR 12 at

substanti aliy tReqsasR 148t 82 bfbla Edlﬁééﬁt@m% pHAANEI ﬁm%ﬂlla%agﬂtspﬁl dn)gl34 anar
over burden portion 112" in accordance wth one enbodi ment” of the present

i nventi on, ( APsEsiides. Edneirend bilaxgred V2o thefrorl e usnbsyipaiernk ialtiey  pl anar
surface OVEh teﬁ!ﬁ%hﬁ%?{ ﬁmmc#o?% ?zglé?{?lﬁa&tl%’d \Ajiﬂ'cﬁf hagg%' ag)ﬁ (ﬁp Iﬁt%tetc%n hi ng

process can uniform Ional layer € overburden 112
over the edtamcmuaroe}a Amﬂbpllontﬂh&: ativelyahini(ag, ﬂmerIﬁatfﬂbmnﬁmmﬁalmessﬂdoﬁmmsl

oo canet e apP iR pe e ARl PobRunt o et 305 A B g e g &0on 110

condi ti ons) hatsc pEViEE 1deL20k @ 6Ha §ﬁ{1@1€1¥zye\f bt ¥ hBEweehyed hﬁ\e@&(ﬁbf&ﬁ@nm
| ayer 202 and the overburden portion 112. way of exanp if

addi ti onal iayﬁéﬁ@ﬁl cgglops: wdey vasiety of ﬁ@twért% rcabfﬁ: lﬁsﬁi f%’ﬁ: adilzthnél lwpﬁ%f t hen

a hal ogen (e .
[40] The additional layer 202 and the overburden portion 112 have a substantially 1:1 etch

selectivity so that a subsequent etching process {e.g., plasma or gaseous etch process) can
eteh both the additional layer 202 and the overburden portion 112 at substantiaily the same

rate,

[41]  Figure 3 shows a substantially planar overburden portion 112" in accordance with one
embodiment of the present invention, Because the additional layer 202 forms & substantially
planar surface over the stack of layers 100, 110, 112, 202, a first etching process can
uniformly etch the additional layer 202 and the overburden 112 over the entire area until the
remaining overburden portion 112'is substantially locally planar in that the local variations

114, 116, 118 are substantially elitninated.

[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 chemisiry 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



C, F, Br, |I) based chem stry provides etch rate control for both the SOG
as well as copper to allow for tuning for the desired 1:1 selectivity.

Al t hough any plasna feed gas producing reactive hal ogen radicals can be
used, CF4, Cl12, and HCl are typical exanples. Various 7 WD 2004/ 084266

PC 17USZOO4AQ9&§%&ANQrocess parameters can be adjusted t,QGeRkf B set ch
rates, selectivity, uniformty and reduce corrosion include variation of
process vari abl es such as substrate tenperature and inclusion of one or
nore additives (e.g., Ar, H2, d, 02, 13X (X=F d, Br, 1), CHF2, and
Cl14). [43] Another approach involves a sputter dom nant etch with Ar or
ot her i ner tprgas: psuchkicascane ad)esd Nec;onKoi ctahSateh eclpet il ynivbaianid reduct he
copper overburden portion.112 with oth gdltlves to provide etch rate
cont r ol ofCPﬁﬁﬂﬁﬂﬂaP? OHERLPRY o HH VL e%%§ PYRPFEHe BRPERETE 81 DS hce of
the renai nichenL@PREE addidved (e Ih&r 0ther, additixves-= pam, BRa, wderfHa caxanpl e H2
and/or CF4. Either of these processes is can operate over a w de

t enper at ur e431an@861AE: HEINELRvoRBOM LS HRUGESICVAAN - 3POME 14}8@ Q%G&hea%s C.
[44] The first etching process is an etch process designed %eave t he

remai ni ng HovaeBle Sers ferrringny eebant stibs eeaner aieryrdenquttion wﬁawn@mtheﬁ that the
local vari qul@ﬂ:ﬁ tolﬂl%\/ld(li :cliéh lz}tg‘gcn} J]%'i &t i p(ﬁﬁf?ﬁtlf lq'{ﬁ y’OE' gﬁfﬁ%n of g ¢ or €

subsequent etching processes w e naj or | y of the
overburdensmﬁwbbbmemimhmn@mﬁumrEm émcht cmnomesenaan&baxapmhyeﬂzmnmm

conti nue t?@ ﬁe process to an endpoint at which the ovegburden portion
112" is re mho %ef%%o%%?@ﬁﬂse%anfﬁ%ia‘e?ﬁ% % Wite LPRSTUHE A 8p PO EE can al so
be |ncIudedmnm7$&%ubgtkmgggaﬁqpogeesgcjSubsequent processes after the
finish etch can include selective barrier renmoval and passi vating the

remai ni ng eANdUtid /e RS hdtesd RQnbRh PIRYE s SR 308 1R ALY de
stability for further processlgﬁ An addi ti onal Egratlon after the finish

etch can bevejesigmegiaiot! 2t bstantghy fqcelanmlinar frelohvibe gl verriars 4. 346, 1dA1 y
t _ i d
passivate Ella*éulisf{,m (r)sl é?gn%ﬁfe’;@ﬁé KBRS &q%mg&ﬁlb 9190(903 ;%g@be\%s%%%ﬁr;e'b%ﬂc an

provi de stabi | pr ocessi ng
substrate Qﬂﬁehamungﬁumﬁ@mgnmﬁmqmg&mdﬂa’etnhmhgmbmg@esswknnbaqgﬁcdance wth
one enbodi nent resent invent e .second .etch process

SRR R e e A R T S T DR A e N

all | ocati9as thesishsdrandi ahd ﬂm§iﬂblhhtﬂp1@@dd§ba}ﬁ ﬂ@ﬂwellﬁ@uadmgnmlwma@ portion
1.20 of the conductive materi al é 3@ copper - cont ai ni ng aIons
and conbi nBPFBhsS IDAFHCH RS EH AU ERS h%ctlwmalpcyuc%cwakwi\fqhausmt%v‘fflb% ures

102, 104, lgraQQvatmg the remaining conductive material 120 to prevent corrosion and provide stability
for further processing. An additional operation after the finish etch 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.

[45]  Figure 4A shows the substrate 100 having undergone a second etching process in
accordance with one embodiment of the present invention. The second etching process
continues Lo an endpoint such that the barrier layer 110 will be exposed at all locations
substantially simultaneously and leaving only the portion 120 of the conductive material
(e.g., copper, copper-containing alloys and combinations, and other conductive 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 Iayer 202 and a portion of the
8



[46] The first etching process and the second etching process can be
substantially simlar or significantly different. By way of exanple, the
first etching process can be an etching process for inproving the |ocal
planarity of the overburden portion 112 due to |l ocal noun wuniformties

114, 116, 118y tR4Bkizeecaused by feature 102, 104, 106 | oGati @BRsuosikzes and
concentrations in underlying |layers). The entire additional |ayer 202 and a
portion of the 8 WO 2004/ 084266 PCP/ US2004/ 007527 overburden portion 11.2
can be renmoved in the first etching process. By conparison, the second
etching process can be a nuch nore sel ective etching process that reanes

t he bul k owmtmémrﬁmﬁbmﬂﬁgmnmbanammGVthﬁmmamﬁﬁ@@umé@ BRhreompdiponthe (i .

when the barri ed) qure 4B shows t bstrate

e g unaarfEenRY Boefatan o SR RRE ek prohiriioadind ooy Atk

enbodi ment oofic idiiRngSEMtar bW@ﬁ&dnquz B tROEdb &Rt @F , LABH BRLEIRF 1ab@YeD 110 i
renmoved to expose an underlying mask |ayer 402. onl y the portion of the
barrier |ay8®¥M0 that is formed within the features 102, 104, 106 renain,
A typical second etching process renoves the bulk portion of the

over bur den4712 Beukidgrshpys eegnertpicdrenaBngergdng | barrsl ynovelairesss i t v to t he

copper, a harsaen Wt RRTRLEpelas IGENC U EGR AR MATIBSIC ) e
effect|veIyuus@¢dt$gmxﬁhensmmdmdgamdwmmg4ﬁﬁo©e58hcpﬂmananhebua@ﬁnﬂm¢n)a
oz based"SHOI TR SBELLE FOERED T yafisue WPbudseashpdnarors can be
adj ust ed t&ﬂ@@dfktih@}mlgtp@hléﬁlaﬂ ﬁfé Aabdusiel ect zu\hﬁcthﬁgtlc'ﬁh@pité@c%ﬁt@}d%tﬁ)rg%@zsS
paraneters can include adjustin ocess varl abl es such as substrate

t enper at ur &4 5W5H€é“b@““?é%¥¥ﬂyg]gb%@ﬁé§xmaﬂé‘fH@Fﬁ@Pﬁﬁh6Pméﬂ%15%mnDre

addi tives ¢ bél a zhgwenQZ)ascﬁrohcxH%uy &e,,,(ﬁﬁ CFAQHCI BERE- ﬁCBicia?f]be ErQis, @ly%bécﬁ a

flowchart 5 t he met hod operations of perfornm'ng a
planar|zatﬁbwtSWWHé@@bm@@waéﬁmﬂmmﬁﬁweamnbﬁﬁmqémﬁaﬁwCbhwwpr@sempawmmemt|on

In operatign, A§8§f M}%ogﬂ%ﬁ e,q ésg bq?&’i%pu Icgss c:a%ﬁcbuee hgf)m??lv}s focgfsch

conducti ve oveér ron
process i slafapmmtmedadlm cfc@mmtleo tchﬁc)nap%ofaldsyin@'éc ¢chieitpddid vaooad prbayer 202 and

t he conducti ve overburd& ﬁgortlon 11.2. | n operatjon 515, the second etch
process i sPUUHTT B PO TRHBVLRE HECEs M ARSIy VﬁﬁbﬁW&@ﬁmﬂﬂFﬂF@ﬁmEﬁgaoto t he

endpoi nt. 48} bitcRR aahbRahl of 8neHhRslE NBNL vesQPE! 8kl 68, AL5CRAN nal &9, | ncl ude

a finish etch process as
cle.).

[48] Figure 5 is a flowchart 500 of the method operations of performing a Iocal
planarization, in accordance with one embodiment of the present invention. In operation
505, the additional layer 202 is added on top of the conductive overburden portion 112, In
operation 510, the first etch process is applied to remove the majority of the additional layer
202 and the conductive overburden portion 112. In operation 515, the second etch process is

applied to remove the remaining overburden portion 112' to the endpoint.

[49]  In an alternative embodiment, operation 515 can also include a finish etch process as
described above. Subsequent processes after the finish etch can include selective barrier
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
sel ective barrier renoval and passivating the renai ning conductive
material 1.20 to prevent corrosion and provide stability for further
processing. An additional operation after the finish etch process can be

desi gned notwdensh@Risf i cantly renove any material but or]J(yg,lp,a(ﬁﬁ)ﬂyﬁye t he
remai ni ng conductive material 120 to prevent corrosion and provid

stability for further processing. [50] Figures 6A-6D show a sequence of
chem cal conversion and etch-back processes applied to a substrate 600 to
increase local uniformty, in accordance with one enbodinent 9 WO

2001/ 081266f IRENEALIB20Q4 Q0 THRile 7 afa Advehpit @S@BL the AVEBE bpRatidnkgiime 7 is a
flomchart 700 of the nethod operations of the chem cal conver5| on and
et ch- back i:‘ﬁeéﬂz““e"% SRIEVEEHI 4“86‘“@163 agk ROEFSer APRIISE00 2 pEbsiTie CRR O nTpEsgocal

uni form tYEllllquxmﬂ9QQraQ@J1%chItlh oRNERARAGE BEAE pREer: RE RIES QMshbRY ﬁ{‘t ion. As
shown in Figure 6A the substrate 600 has a gubstantla 'y non-pl anar

over bur denFgoietGio thea®Rstvits $P0en 2 sybisianéallyswnfrdoer qzj\redfm degs pOOBD O Milharont o t he

substrate %}91941‘2?& r{;'p?(gg '66]6 Fgg(l# ke ?r{%?‘(age éé&%%%% g %fgnz% lda%\élvé o Figures 6B

and 7, in oOperati |on top of the

burd dd I
ormod on TG ovarbLFdaH t%%lrg? Sk aBl B MR BRI EBER, 7na

| ayer 604 fameden tohaf ﬂﬁ%vbzmﬁlﬂbgbo;ao@b@ﬂrﬁwadﬂ@zﬂﬂz&ﬂ@‘ye@@ﬂ@fmﬁbd@pemﬁ'bl
portion of the over burden portion 602. |If the overburden portion 602 is

copper or CEBHEe 4P I"B‘gfb“’tdﬁleﬂmgo%% 1 WPt & prBRlgrtRe f‘cﬁht&m@%ﬂéym E9h 0¥ m a

copper reagt 1h&P[hRfu%ﬁ| lz{QBcﬂ}@)ﬂQfon%n ENQoFARAPh Bl biSofa 1@@\‘6%@&11%&161}@@ can
forma Cu-halide lNayer 604. The copper reactant |ayer 604 diffuses into

t he surfack IP@fOV@Welfi@o;@péwn 68Y erdopmed encp alloy cbeveeantzalledoprppoine icon2aef t he
copper ovel, n ) : jy , Al e
known i n FRRGHFDC Gl e BORRERRER 1RF o N SRR BUSL AL O AR &

" Appl i cat i ©nhafdeValcatdd.i The Cﬂ)l&gﬂ(ﬁ.mﬂﬂ[ﬂm@l Em\ﬂi}'femsemathnrse;rd@rqf et apperg, and
Pl anari zati o " na of ectrochem cal 49 (11)
G620 G a0 O'30t5en PG cqrteid AR Sk B Qb e et PEndirotattia0s oan be
deposi t ed dh@mtdaecmersmm E6hpePRE ki 802 aanaﬁ‘c ﬂemwy sdxhiayer afiddean
i ncl ude aﬁpéﬁgner | ayer or an oxide |ayer bein eposited on the

over bur de 1iiffe nAaﬂeah?rsef] Vodgiligy ‘Piaﬁgmﬁdw @ 3@@?%1@11%%@05% fdgur e 6C,
an etch- ba@ﬁwﬂ%&ﬁﬁ% d ggépglchl%% d %%c&%gém}ﬁ?cclfl ggm g,dl'ﬁik)'(i)ﬂ@ 3bet¥(%r2, % A

portion of the over ortion renmoved. Renoving the

addi ti Onal[Sﬁ]ay% zu@rgﬁ"ezr OQE% E:,Sthé Rhd tfé)'f}ralhgy %91 &a%r]jer}gpﬁgmteg on thBl()@&%Hd%h ng) of

portion 602. The deposited layer 604 can include a polymer layer or an oxide layer being

deposited on the overburden portion 602,

[53] Referring now to operation 710 and Figure 6C, an etch-back process is applied to
remove the additional layer 604. A portion of the overburden portion 602 may also be
removed. Removing the additional layer 604 results in further softening (i.e., planarizing) of
the profile of the overburden portion 602 to prefile 606°. The Cu-halide substantially softens
the contours of the overburden portion 602. A Cu-halide can also maintain a substantially
1:1 etch-back selectivity with the copper overburden portion 602. Operations 705 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, unti] the resulting prefile 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 contours of the overburden portion 602. A
Cu-halide can also maintain a substantially 1:1 etch-back selectivity with
t he copper overburden portion 602. Operations 705 and 710 can be repeated

mul tiple tinesd@ueuhstantially planarize the overburdequqnbmgn”ﬁgﬁ to
subsequent profiles 606" and 606", as shown in Figure 6D, until

resulting profile is substantlally pl anar. [54] Chem cal conver5|on of
copper overburden portion 602 utilizing shape dependence of conpound
formati on can be typically achieved by oxidizing the copper at the

Cu-r eact i velengpetimpel inteofrcexmCoppedthaxpb zed paitive nxidhie dtnst }ayl gy ofan

i nclude a chemni.cal onver ion of 10 WD 2001/ 081266 1]S 07527

el enental &6PpEP Fita HO%@ﬁE%?W%ﬁﬁB6Uﬁ8mMPtﬂﬂ%ﬁﬁg@Pg?ﬁﬁgq béPé&g g&ldation
state. By wayacoban @xampla@nhiopixé fladrhOn 108 ettbepGRRRE (c.4. 0 SUPIRSs CPr cupric
chloride (Cud or CuCl2) at the surface can occur Tn a chlorine pl asna at

| ower tenpegsat um@ct&@m@ pmcsss?imwé@%@@%&f ti}15§c]:pp-£h&11ﬁ)to§hd RAGKHRF OCcess
i nvol ves reduction of this cop Ber conpound to another =~ chenical conpound

capabl e of chyaiipy) comperndicapakied hias vp@am.mg thuk éeaging fhecartafe qirfﬂéﬂﬁwm ng
over bur den ~h
b@é%@mdé% dd & thé B8 bﬁ 1%8%5;@1%%[%0 f\%% e&ﬁg%nge@%al ) presence

t here can uction o to v
of reacti veadhgtdmong ére @L@@tce@lﬂ(tm GuiCl3 Hethplpasemy of Alatter hatiope tphees (e.g.,

shape- depe r5|og fo et ch- bac ert d portion
can’ Tead t BT oNGUR R e e bapan b aapain oeR P st O N | &

si mul t aneouﬁivylml jPed dih MAdthsuik Qﬂ@gﬁﬁ(ﬂhyc EpB: oveidufleh lpsl)uoﬁféot henigopper
over burden 602. [56] In operation 715, if the overburden portion 602 is

subst ant | afiPyltEIeRRY PReIzIEHBn P PP hdE- Bod B rat e sAY B AT U Hat i vel y,
if in operatlon 715, the overburden portion 602 is not substantially
pIanarlzed56ﬂhéWCWW@“WE?%bﬂw%ﬁ@?éWN8ﬁ§065ﬁﬁWﬁwéuﬁﬂﬂﬁwBYQFP@WG¢GBHEB6ve I'n

one  embodk ik opARSLALLONIOR . BEARREGYES I SRl Dudosingle et ch

chanber. I n an ternative e operati’on 710 can occur ex situ and
can |ncIudamB@Dh@wpL@m&dﬁmmmlmonmﬁmﬁmﬁmpnmmesmesmqua&hmeWQSnh3® In one
substanti al | ortion 602' 6D. [57]
The ot nod B AT aiee RSOt 8 oFibdeht B8 TunSe 853 Bet Prautpebfogng anar

bul k  r enoasgtnapkeeabsdihbal orRatiben Bcdaicbuikanabhzahi i RiEder Rendplanar
over burden portion 602 and renoval of the bulk of the overburden portion
602. force CMP processes to achicve the substantially planar overburden portion 602" as shown in

Figure 6D.

[57]  The method operations described in Figures 6A-7 can be used as a planar bulk
removal process that performs both planarization of the non-planar overburden portion 602

and removal of the bulk of the overburden portion 602.

[58] The local planarization of the substrates 100, 600 can be determined through any one
or more of several known layer thickness mapping technologies that are known in the art. By
way of example, an eddy current sensor can map the thickness of the overburden portion 112,
1127, An eddy current sensor (ECS) can 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 nulti 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 smface and an ECS can be

moved to a known distance from the subsirate to measure the thickness of the filim on the
I1



[ 58] The | ocal planarization of the substrates 100, 600 can be determ ned

t hrough any one or nore of several known |ayer thickness mapping

technol ogies that are known in the art. By way of exanple, an eddy current
sensor can map the thickness of the overburden portion 112, 11.2'. An eddy
current senaeéz&ﬁgﬁQmpan accurately neasure a very thln}kqmgﬁmghwﬁppductlve
film(e.g., less than 1200 angstrons thick). Accurately neasuring the very
thin Iayer requires that the conmponent of the ECS signal that is
attributable to the eddy current in the substrate nust be substantially
elimnated, mnimzed or conpensated for. The thickness of the very thin

| ayer of ceﬂﬂunmithhkhﬂu@amhahﬁﬂEbscﬂf@ﬁﬂbﬁﬂ;Mﬂbﬁh@oﬁzﬂukmis§&@ﬂh@r00953
such as w%kgk an etch,. CVP or Eltlon process. By way of exanple,
within a g Egedie et“H@ S S é‘ieeg“ Uit edyddatishihe s atignad away from

the pol i shili@msssrd aranandiAnES A8 8L fBYEF: t 0 a known distance fromthe
substrate to measure the thickness of the filmon the Il W 2004/ 084266

PC P/t JS200sb 00?15:21%cth§ééb§131 E)@EC%W_S d-l::lé'&b%@ g?ﬁ%@ﬂé? 1.2R06R dct D %%L%%Egl?%d%? ved

relative to one anot her so an map the entire sur
substrate &H@bﬁﬁémébﬁﬂh@éWuﬂﬁvﬂMhEGMGba@ﬂ@mnamdnﬁmhnmknassomﬁbmﬂalneta

film on t h? rﬁ%ﬁ fﬁS\ﬁc\%g )5%']%8? Lf;?c?s /S cms lm%ld ]il]g‘e ?dlzzovrq 0 no élbecﬁs

descri bed I gures escrl e var
subst ant i ahddyeqelcmmcnam ofrgoﬂabmai unlﬁﬁﬁiﬁl%nGﬁfb@Bﬁﬁi&fhﬁf@ﬂﬁhﬂeUéﬂuﬁ@(ﬂﬁﬂd| es in an
over burden Port on. Qﬁver hfds and s stens described in Figures 1-7

above do n&t* QBP‘FSeIBf?IX}OV‘I & BE@QE‘?HF i8 14 GRtepP th %@&f"‘t‘h%ﬁrlcq}?ﬂ"‘f%lrt?nﬂ%cleééc

A obal nonsfunt §i@kMAE k@SoE@Moh-DEHHAScMARK AR 1@ R aliRd HEIRYRhaT at es of
material in the center of the substrate as conpared to the edge of the

substrate @of otihat 8n@m&mhﬁ%mclrﬁéh&h@em@jbﬁs@t%fCOHS& eZfshaPRgROMENa. [ 60]

Figure 8 is a flowchart of the nethod operation 800 of €orrect|ng gl obal
non- uni f oFRiCEIPsigs inrﬂca@éWQIa/ﬁb@n@\pmhorbmmexﬁﬂmlcmelmtmm‘ntmmelnmpe@enm 805,

i nvent i on. a giﬂstﬁ)@gﬁ%}iﬂoqgcazl%sd NOL qll]?%lbl%}llegglgll M:%Lg/ }ed?t%ﬁ] (ﬁetpﬁrédanplgolpgﬂ:, Lg::]m t I es

such as feature-patteérn non-
portion i sunifeceitieeoh. thd wedpedmtpoﬂmn&i&,ccmbte Ih@pc&laﬂumetd()nma-lomntd‘dofom ties are

substantlall el i m nat.ed h.as thro t he met hods and
Systens. doUCPTREE PR OEr GG TS ABbREN ot Ta: b EGRICRBURIONTTHN t he
art. SubstsgfitingalidsyribddemPituRe 1the k@6l ZRck: ARBEMLE WS B dhi 88, f)%qn;ﬁznﬁ‘lly
substantial ly, IocaIIY pl anari zed over burden portlon such as the

pl anar i zed®BVerBihedenlipdrvnonifrrRticsienn: prbsERillydoglktrverizqrtmidar e 9
shows a supstantibald ¥e ﬁl%@l‘é@(ﬂ@\f@%t@@&rﬂ&ﬁ& AverRW.9ER; ROI 4 LAR902 in

[61] Figure 9 shows a substantially removed, planarized overburden portion 902 in

accordance with one embodiment of the present invention. The substantially removed,

planarized overburden portion 902 can be a relatively thin overburden portion such as a few

hundred angstroms in thickness,

[62] In operation 8135, the substrate with the planarized overburden portion is mapped to
identify and quantify any global non-uniformities in the planarized overburden portion. The
planatized overburden portion can be mapped with any one or more of several known layer
thickness mapping technologies that are known in the art as described above, The 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
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accordance with one enbodi nent of the present invention. The substantially
renoved, planarized overburden portion 902 can be a relatively thin

over burden portion such as a few hundred angstrons in thickness. [62] In
operation 815, the substrate with the planarized overburden portion is
mapped to iyvdendihy@and quantify any global non-uniformtd@sidobRe

pl anari zed overburden portion. The planarized overburden portion can be
mapped with any one or nore of several known |ayer thickness mapping
technol ogi es that are known in the art as descri bed above. The mapping can
be in situ (within the current process chanber) or ex situ (external to the
current precess byatiasiheran ctodhing mockd 1 al@pRi thgspetific esgircamiabsae baedyham c
and allow for the s _$eguent . processes to be dﬁnani?ahjé adj usted as the
subsequent g&b@d@&@ OBFBEYBELIIPNER Iropegh ey Y SheeSWC tHES [YeitiMon and

quantity obvérb@-dg{d@@%n NNy b 6 MidaleBS500ARgs 0k @i Bk NAde b QRRY 8¢ on 815
above, are renoved in a substantially nechanical stress-free 12 \%O

2004/ 084268"PETNLLEN0AY boTiRRTthepihe cesane day basdiusied sygh Hiat Ge chrtpigo pégsaess to
address the, snee fczuf:bg&qweﬁﬁ@rﬁyusso;{fmtn enﬂgetﬁfiﬁeﬁ"t 9] ARG NafLayform ties

he.
in a finish etch’process.” By way of exanp e remai ni ng” over burden
portion 902masngocappr dikd simetelise 150 sangstsrionsMPhidkerhnddshiebeglabt erbeande 300

angstrons thick on the edge,. then the recipe can be adjusted such that the
center to 8%ﬁgéﬁ%ﬁﬁ”ﬁﬁfﬁ%&WF?@QEE%“E@“%%%ﬁﬁﬁé@%%ﬂ*?ﬁ”*ﬁ%mﬁhat the entire
barrier la 1.0 will be exposed sinultaneously. The stress-free
orocess ayliihs THIEP (ot SHed J00e BEte D B0 BLEHSSHE! hacRanraal force
i s appliedbdifertiiRr $UPE !, A48l EHeNBridh 8 £hehr DAG 18 RO retifélviThen meci pe
(e.g., selected values of process variables) that is selected is selective
to barri efONPEyEL- & LI seccliviy Tapgeeichprdistch arribaricaetch imibetr PSSR 5 at e
than the raelBnil douet 61t 118%an GBARSS ancinl-winiduhihRlEAly SELESHL ¥ Lcgange of
copper etch over barrier etch In thése processes is Jreater than about 1
but | ess tkarvaldite Bhd@fide mhwtialWi20lin Mieri¢adzel Bnj04, ééEsses (e.g., excess
renoval of the conductive material 120 in the features 102, 1.04, 106).

[ 65] The fl6hl shltetioishcarh daphevereladtdly &by cshowesetoc hoih abgsr hothe batdiniagpper of

A T AT Y R A M AN A

hei ght barrgaerodict Repdeadorth@fenlaa¥ @S heldP barfisr & Eskihidnlafh @10 f Ak &Buigtigh

cannot have a very high selectivity to etch the copper. [66] A final

et ch- back HH8c@dsCapnst "arsdvHe highepiaghbey toreieh theseppest ch- back process

' ncl udes [66] A [inal etch-back process can also be included. The final etch-back process includes
etch-back of the mask material and/or the ILD material with appropriate selectivity and
uniformity control such that the final outcome provides substantially globally uniform and
substantially planar fcatures with minimal copper and ILD loss (e.g., any copper recess is
globally uniform across the substrate 100 at the end of the final etch and barrier removal
processes). In this instance, the final etch would include a uniform process to etch-back the
mask material with high selectivity to minimize copper loss and minimize the copper recess.
By way of example, a halogen-based process where the halogen concentration is low and the
substrate temperature is low {e.g., less than about 200 degrees C) will maintain a low copper
etch rate while still sufficiently chemically etching the mask material. Any plasma feed gas
including halogen reactive species (e.g., CR4, C2F6, C456) can be used. Efch rate control

additives can include Ar, O2, CH2F2 and others can alse be included.

[67] If the global copper recess and/or mask/ILID 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 material with appropriate
selectivity and wuniformty control such that the final outcone provides
substantially globally uniformand substantially planar features with

m ni mal copper and ILD loss (e.g., any copper recess is globally uniform
across the supstyadis,,100 at the end of the final etch ang, aﬁﬂhgphgﬁnvval
processes). In this instance, the final etch would include a uniform
process to etch-back the mask naterial with high selectivity to mnimze
copper loss and mnimze the copper recess. By way of exanple, a

hal ogen-based process where the hal ogen concentration is | ow and the
substrat e tempedsatdy @silSofleal Ho@-@ifornhigsse ddadbed DO bint Ukt degreest &igh W | |
maintain a | ow_copper.  _etch rate while still sufficiently chem cal

etching t héa*‘?ﬁaé’kelﬁﬁt ghrthese Inshmgesy PHITREETR & Yo 1) FRIPEICHGS Rl ggessiileddcet i ve
speci es (ei@s acrédzthe s@gﬁ@xie GAEen &R0 b t‘;&%‘%ﬁwve@t@ Qoﬁxﬁ‘&@hl@ QQItIE[H%l‘l to é‘{Qth Ives
can include At, 02, Cl132F2 and others can al so be i ncluded t he

gl obal copg@bdlbedws feataehs ovithmagiknal cDpiico st ansk lopsnititining @pmmamt@lsrsforméy

substrate 31?& 56 L,g?wga%n&];ls h{::ﬁngf tlhg'h !ﬂ C%El%g%@ﬁkq {}nnﬁ(I/IL%)t I%Qte L (i)rgs eflgé then

addi tional varia ento correc
gl obal nonefmicherfast fiwsh etElyprag&s Msumg pheer dopperaadess h3hdon2d 6141/11@842 66

PCl Y11S2004/ 007527 . i nst ances .are a tch non-unif ity
deser bed SUUQhnFBY o AT OB gl st eraie i AL DGO HAD It

i nstances, g uﬁeq’ﬁagbctmdsdhaatov@mg% HRRamA CORR e doBF@ IS cBNANOfen RS Kbil,LD | o0ss
across the substrate. bggensatlon can be achieved to counter this
&,

variation 14 68t al ¥picabiedisayityolsniagttin tieptoarsed spaitr hinabrg) 2. CopisErnseid mask
| oss utili &M&Q@g?@m{cﬂe%ﬁma%w k¥t in?ﬂﬁjel @-Eésﬁl%t fedd %JE%L&QUH ﬁb& 2QUdi ng the

final etch-bac the mas materi al . e I nstance a center-fast
finish etchﬂ@m@@é@sﬂmesm%nnmgmkmnmaggeommm@mEnsmebémstMWMhEHmemumq of the
substrate conpensated.for by an.e -fast final etc rocess
which ael eLerydry S aEN 8 FRus Mieol B ioer B Sherion PP i S PE e s
t he copperichgwelurd, and hies feadrur es 102, 104, 106. Typical selectivity
obtained in this process is greater than about 2. Variations of the recipe

to provide[Bpr Aisk@RdrkihYn 66HIEE R xiwﬂﬁhé)@'@m@ﬂitﬁﬁ&iﬂ%@z111%@1&@@&@5t'éf]ﬁ”é’r@[iﬂ"at| on
across substrate, ion flux uniformty controls, gas concentrations and

chamber walrFang éﬁﬁ@/ﬂatﬁ)’r\édy of\gapinale; BEMRE "abmt Pl degases &1 iindieajesian anasdd
reactive h 8829 BESLRT: &an%%%%éé @My S Pé o sﬂhedpg;e%m&%n%we%?,f'ﬂa;aﬂoerﬁl as

power. [6 used herein in connection wt escription o
|nventlonIephﬁmﬁéﬁWﬂmabmunmnbmm&gmmﬁﬂ7 &ﬂ@moEWqMa#t@b@pm&np&@unhh@dphrase

about 2501%19&1%[0% and%at Ialnqgecpai%&:gsn?ﬁ Ireplcgente% by the operations may not be necessary to

practice the invention. Further, the processes described in Figures 5, 7 and 8 can also be
implemented in software stored in any onc of or combinations of the RAM, the ROM, or a
hard disk drive of a computer or microprocessor control system {e.g., a process control

system).

[69]  Atthough the foregoing invention has been described in some 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 cquivalents of the

appended claims.

[701  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 by the operations in Figures 5, 7, 8 are
not required to be performed in the order illustrated, and that all the
processi ng represented by the operations may not be necessary to practice
the invention. Further, the processes dT%scri bed 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 driye,of a conmputer or m croprocessor
control system (e.g., a process cont réu_w*m ystem) . [69] Although the
foregoing invention has been described in sone detail for purposes of
clarity of understanding, it will be apparent that certain changes and
nodi f i cat.i onsAmesthbd fopplacaiizied awpatternef Iseeniscrahetof subytrateo pempedingt ai ns.
Accordi ngly, : i r nsi dere .illustrative
and not r estr'ite?tg ;v\%;e §;%gteﬁ?(goog%%%bﬁgﬁ@rguhgttrgﬁeo%%g%pi%?rg@aq%ge the details
gi ven hentsirgpnnsaet meteriskfilingla flwa itk affeaturéeirstbepeattand, thewonaluetits of t he
appende i %}h@é n | & LSk : i ] ) Qr.

pl anari gpﬁé@%ﬁ%ggt@éﬁ%g se"#{'igﬁgﬁ"g ordéﬁ S r'oariLga\(’:'o %rllgg?] ée:d%%gg?%nﬁfgf’a
patterned serfedwvneeadullspodionaaféhe haeimgden portituctol plenaiize trecovarbarden
mat er i alpdridh We } f i t ctive
't or cotpomier Wifiol RiArRhy sloctlani @R sHEES (0 the PEraRY e/ Tnala
non-uniformty; r J@Wingga@agditlranﬁbhavemn dhe pHerbsvdem ppdion; podtion to

pl anari ze the overfifsledng RS bidoMbiAPM addBA! LIBURRENSANERA] el ress to

t he pl ucr?gl Lty I features including: Tormng an Itional layer on the
over bur dltighel YR PSR pHbsventiadly ftirely raaeiver dnde pigpierizigaoroRessver bur den
portion, the masisihyitedalibstanesliecaty BrPSFABE dbHrgBh ivbfioh foed@¥RHine t he
pl anari zj pr ocesF; ,rra%gldng tthe substantially locally planarized
overbur@éoz%égppflﬁﬁ A Fitye mne a global non-uniformity ; and etching the
subst anti al | ytdrasglhey sobﬁﬁﬁalgﬁldc@g&ﬁb!@ﬁéﬂ@éd BOEFI L8 BoRidrsioadiidstdntially
renove the non- . The method of claim1, wherein

pl anar i E?rﬂag‘%ﬁlgglgﬁmat' Pgﬁgn?fﬁ)%tgy and the

2. The method of claim 1, wherein planarizing the additional layer and the
overburden portion includes a iterative process including:

etching the additional layer;

forming a second additional layer; and

etching the second additional layer.

3. A method for planarizing a patterned semiconductor substrate comprising:
receiving a patterned semiconductor 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
without imparting mechanical stress to the plurality of features including:
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;
mapping the substantially locally planarized overburden portion to determine a
global non-uniformity; and



over burden portion includes a iterative process including: etching the
additional layer; formng a second additional |ayer; and etching the
second additional layer. 3. A nethod for planarizing a patterned

sem conductor substrate conprising: receiving a patterned sem conduct or
substrate, having a conductive intercqgnect material filling a plurality
of features in the pattern, the conductive interconnect material having an

over burden portdHang h%’&t%ténﬂié?%bbél@d%lﬁ%ﬁ%ﬂ bO&MBukYen ﬁi?ﬁ%b%b@t%ﬁbhy

portion of the ove[\r burden portiron t anarize the ove en portion
wi t hout "ERSYEHRGIRA MO wHloBitYess to the plurality of features including:

formng an additional |ayer on the overburden portion by chemcally

convertipg a top surface and_a top portion of the overburden portion; and
et ching the a MOF%J%P SaWETeé%'”I%%Q”W theppddlitiana)\Jayeyansteportion to

sugst an%dv@:rﬂl)lyrdehqq[mﬂcbrlimoﬁdtﬁesoalﬂé@ﬂﬂvé%o@@%s% in@m:dti)ﬁdt?e ?dd: Iti olnal : ?yer bei ng
substantially entirel eno : pi ng the substantially locally

pl anari zed over burﬁﬁj'%%hq %ﬁﬁ%"%@gﬁ% ne a global non-uniformty; and 16
et(t:)hi ng _thlel substafﬁrh&rh@;\ﬁ ée{@@gblaﬂdﬁiﬁﬁﬁﬁy@ﬂamergurgﬁn porthi gn ]EO i
wherei n phanari 2 ngTHE QERBHACUE Y t he overburden portion
includes a iterative process including: etching the additional |ayer;

| ayer 5 Thd earRIR IR hr el e A Ry ReTE A PP P a1y
pl anar i zdrbusden iporitentopdeteirinet @ glidaé nonamifarmglte radiudenmappfray thiet y

i ncl ude ki AL i | | ri ur portion
w th an Seaarnafy Koy BrREhB kB hRoR WA 58 QB B S ReEb g the

substantially locally planarized overburden portion to determ ne a gl obal

non- uni {or m tryel MEIHIESE JRAPH NIhERSH ntatiingid 8ldtah PSR Ib¥aR) FBRLHZES
over burden portion I n Situ.
overburden portion to determine a global non-uniformity includes mapping the

substantially locally planarized overburden portion in situ.

7. The method of claim 1, wherein etching the substantially locally planarized
overburden portion to substantially remove the global non-uniformity includes
adjusting an etch recipe to compensate for the global non-uniformity.

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

9. 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.



7. The nethod of claim1l, wherein etching the substantially locally

pl anari zed overburden portion to substantially renove the gl obal

non-uni formty includes adjusting an etch recipe to conpensate for the
gl obal non-uniformty. 8. The nethod of claim11, wherein etching the
substantially locally planarized over bHr den portion to substantially
renmove the gl obal non-uniformty includes substantially elimnating the

gl obal nop- unThemmathyd o?cfaTr'ﬂ?QﬁﬁFtH@ﬂc&@Bﬁggr%@ fingl \MA&H ?H?:e%%g?igg?lsttghﬁ?llly

substantially k%cal l'é Ewanarl zed over portion to su
remove t FENQYOEE PEER! (@Yer rmadon Hhe pademeddapiwiest o expose a barri er
| ayer fornmed on the patterned features. 10. The nethod of claim9, wherein

t he etch “&hs se| ective t}) Fhe barrier. 11. The method of claim9, wherein
et chi ng 1te sUBSMEHPPOf glairgdid. wheseianheifradetcbvipsasaswiysias iesipvebof a

subst antinakk ynaterimve the gl obal non-uniformty includes substantially
mnimzing any recesses of the conductive interconnect material in the
plurality of features. 17 12. The method of claim9, further conprising a

final etth proveswethod sfiblairant wtldryin thermevautiie: PRsrcbRhettanBlerbpHERMiean t he
patter ne(g)f%gtures. 13. The method of claim 12, wherein the final etch

process A lides renmoval of a mask material. 14. The method of claim 1,
wherein the conductive interconnect material includes copper. 15. The

met hod ofz cl & 1L0: 1 he nductive interconnect terjal jncludes
el enent g‘l5'cogme8rr.]”eig. Ef‘ﬁ&elglr?éghgg‘%é;%ngf'gicﬁf]ﬂm%e'f‘ "HORRRC ﬁ?%é‘?h'”lcg’dﬁér med
on the iémentsgoppeni conductor substrate in a dual damascene process. 17.
A nmet hod of form ng a dual damascene interconnect structure conprising:

receiving a dual damascene patterned sem conductor substrate, having a
conduct iWe i nther Wetastef slainedi wheféinlthegatiep! isrfatmey cofthbemtisnesd i n t he

dual damBRGENRIdR dHshatd IFa LRBMHGHA(BhabRIGQANeCt material ‘having an

over burden portion having a | ocalized hohs uniformty; renoving a bul k
portion of the overburden portion to planarize the

17. 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; and
planarizing the additional layer and the overburden portion,
the additional layer being substantially entirely removed in the planarizing process;
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 conductive interconnect material having an overburden portion having a
localized non-uniformity;



over burden portion including: formng an additional |ayer on the overburden
portion; and planarizing the additional |ayer and the overburden portion,
the additional |ayer being substantially entirely renpoved in the

pl anari zi ng process; mapping the substantially locally planarized

over burden portion to determne a global non-uniformty; and etching the
substantially locally planarized over bufden portion to substantially

h | obal = Wi i - 18 f or
| nter connect str uceuM Ik riohr Aethato8h ool R BeftA i arned
seni condiMrbrrdenturtion é)cliEingng a conductive interconnect material filling
a plurality of featuresgff;dg, QHBIﬁoﬁﬁf‘%@&PBﬁthé’ﬁ%:%ru'?derﬁ BSrtbe]Hb'lﬁHbge
overbur dén p ng"a rzed

i nterconnect material having an r ortion havi l'oca

non- uni f@EmMicglly a@nverting @itap sarfegelanda taroportibntdféhe veetburden ppdion; endt o

pl anari ze the overbur I}k i g 1 [y yer on
t he overburden porti ond‘?e‘g'éfﬁg’d%?%éﬂﬁ%ag%&ga@é%@gér{%r?%ﬁq@ﬁ%tdéﬁf@argéﬁand a
top por tRBHOBEC pulestapialbuplasaripviita everbdren rediannthe additiera! dayaidieingyer

and at |IgastarRiy edlirdferA¥@Edpurden portion to substantially planarize the
over burden portion, the additional |ayer being substanti al I%denti rely

t
r emoved; mpﬂﬂﬁ@p’f‘ﬁéh%g%?t@ﬁ‘ﬁﬁ%}f logally planayized svarhurean pesiviuiden portion to

det er ni nist@nghekaglopamaemuh@s ity ;an@nd etching the substantially locally
pl anari zed overhbur [ ubstantially renove the gl obal

en rtign to
non- uni f or mi t thma?herﬁﬁgﬁtéﬂﬁ%v igeally RiaRRiized RYEEIHIERLOMAMEd forns a
sen condubbtantidy r@aove Bk gibhel ABHGFoRhHitg! ail m 3, wherein the nmethod forms
a sem conduct or devi ce.

19. The method of claim 1, wherein the method forms a semiconductor device.

20. The method of claim 3, wherein the method forms a semiconductor device.



