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BACKGROUNDOF THEI NVENTION 1. Field of the Invention

[1] The present invention ré&lates generally to dual

damascene sem conductor manufacturing processes, and
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manuf act uri ng processes are becom ng nore conmon in
sem conduct or manuf aCthB?anehfbré typi cal dual
damascene manuf acturing process, one or nore
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patterned trenches and vias forned in a sen conduct or
substrate or filnms forned on the sem conductor
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processes and conbi nati ons of CWVP and ECP processes.
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[3] nHiedvedhBden portion of the conductive material is typically removed from the

semiconductor substrate through chemical mechanical polishing (CMP) and electro-chemical
polishing (ECP) (e.g., etching) processes and combinations of CMP and ECP processes.
Each of these processes has significant shortfalls. By way of example, ECP typically has a
relatively low throughput, poor uniformity and inability to effectively remove non-

conductive material.

[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



Reduci ng the physical force of the CVP process to
reduce the physical stress can often result in
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process performance paraneters. [5] In view of the
foregoing, there is a need Zor an inproved planarizing
system and nethod to uniformy and substantially
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proceslgégventl on are described below. [7] One enbodi nent
i ncludes a nethod for planarizing a patterned
semi conduct or suSEMMARY QEMTIHRENVENEFIONNg a patter ned
seni conduct or substrate. The patterned sem conduct or
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damascene process. Mapping the non-uniformty can
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uniformity to substantially planarize the remaining portion of the overburden portion. The

conductive interconnect material can include copper and/or elemental copper. The pattern
can be formed on the patterned semiconductor substrate in a dual damascene process.
Mapping the non-uniformity can include determining a non-uniformity profile for the
substrate. The non-uniformity profile for the substrate can include determining a non-
uniformity profile model of the preceding process (e.g., the bulk removal process).
Developing a dynamic liquid meniscus etch process recipe to correct the non-uniformity can

include determining a removal rate profile model for a subsequent process, comparing the



i nclude determning a renoval rate profile nodel for a
subsequent process, conparing thenon-uniformty
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surface of the substrate.

[11] Monitoring the dynamic liquid meniscus etch process can also include scanning a
surface of the substrate with a metrology sensor. The metrology sensor can be included

within the dynamic liquid meniscus. The metrology sensor can also map the non-uniformity.

[12] Another embodiment provides a method for forming a semiconductor device. The

method includes receiving a patterned semiconductor substrate. The semiconductor substrate



[12] Anot her enbodi ment provides a nethod for form ng
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w@2panteshed sem conductor substrate. The sen PORUSZHDE043909
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liquid meniscus.

[15] The present invention provides the advantage of minimizing mechanical stress while
substantially eliminating localized non-uniformities. The present in-vention also enables a
wider CMP latitude since the CMP planarity requirements are significantly relaxed as a
following proximity etch process can accurately compensate for any CMP non-planarities

(e.g., edge effect, local or global non-planarities, etc).



wi der CWP | atitude since the CW planarity
requi renents are significantly relaxed as a foll ow ng
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gl obal non-planarities, etcy.[16] O her aspects and
advant ages of the invention will becone apparent from
[16] tOfel APeoiiang a@l\%@dgk@gf e $Vehidi @11 bdRKRMppArent from the
conjunction wth the acconpanying draw ngs,
followiing desailedtdesyipbipnivakendih corjmptian wile therdcnemphgingdrawings,

ntion.. BRI SCRI. PTI . THE WNGS [17] The

1llustrq51‘ng§)é(ﬁ¥ ay, f\ FSAPHNGPIRCIRISS P ﬂrf‘ﬂ‘fn erstood by the
fol | ow ng_deyghed bR irhint BUARGALEN Wi Lh the

acconpanyi ng aravgsS, an TRE recret CIIL,E_ITU'FTEY al s

designate |ike structural elenents. t£118]

[17] SHesweresenp inveaiionewilseeseadibandersiood Rysthe Sallowing ¢ dctaied description
in con ?{gtg(?] Rﬁ %%Aﬂfgﬁhﬁﬁg @g@idg@%ndg&(egg%lreﬁrcg ﬁg’?ﬂéfals des1gnate like
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is a flowmhart of the nethod operations of perform ng
[20] @&Figuwed shomamaubstantiably plinar acrourdempertinn tith acnoedance with one
enbodi_nent of the present invention. [24] Figures
embod@ﬂerg[gfélﬁeoweéenggafﬁg of cheni cal conversion and
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in accordance with one embodiment of the present invention.

[24] 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.

[25] 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.

[26] Figure 8 is a flowchart of the method operation of correcting global non-uniformities

in accordance with one embodiment of the present invention.

[27] Figure 9 shows a substantially removed, planarized overburden portion in accordance

with one embodiment of the present invention.



[27] Figure 9 shows a substantially renoved,
pl anari zed overburden portion in accordance with one
werodiasent of the present invention.[28] Fi guP€r/US2004/043909
1QAi I lustrates a proximty head perform ng an
exenpl ary waf er processing @peration in accordance
W th one enbodi nent of the present inventi on. [29]
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enbodi nent of the present inventi on. [32] Figure 12
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enbodi nent of the present invention. [33] Figure 13 is
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[31] pBigtiedd B illnsteatesor Mh@@lmq\ﬁhOﬁhe peaxb@ity hedit angfthe meniscus

rormeb R G Nt o tmst M e iR B Bilen mvention

one_ enbodi nent of the present inventjon. 6‘F§J’ .
[32] FFléﬁlieelzlsQOWé% 3V PLRABFRAFINE SYSIATR &N RRECFBACOWER aRF BRECGegt of

rd optim zation process, in accordance with
theprgsg&qn{%glhg@rrent of the present inventi on.

s R T e A BT

substaHﬂ"dl %H} I8 &R vefREddN R, Zh BEoRAES WA REe BRbB@Ehent of
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across the entire substrate (e.g., edge uniform tdy
[36] c2avsey exerpaRjayesipkadiments for an improved uniformity control an plananzmg

system and method will now be described. It will be apparent to those skilled in the art that
the present invention may be practiced without some or all of the specific details set forth

herein.

[371 One embodiment of an improved uniformity control and planarizing system and
method provides improved local planarization and uniformity across a local portion of a
semiconductor substrate. The improved local planarization and uniformity substantially
eliminates local nonuniformities caused by features in underlying layers and variations in
deposition and etch processes. Another embodiment provides improved global planarization
and uniformity across the entire substrate (e.g., edge uniformity as compared to center

uniformity).



uniformty).[38] One enbodi nent includes a nethod for
pl anari zing a patterned sem conductor substrate
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de exposing the top surface o over bur den
featurgd@th b130 bt dndAudedlact ant gas such as a hal ogen. The
additional |ayer is a halide reactant product of the

[41] OW&EHRYE ARNdaRIhAIdRyer oA Zle Hlcamadzhdibon b AIRIE cheikally
| ayer and the overburden portion can include etching

convetting adoplsurfasaahd b ypeportinn ofithe logerburdea mortishn. tGhemically converting
over burden portion.. Planarizing.the addjtional.|aye
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surfacé 6 the beLibMRIcRPBARMS 0 lahBdctdrM GhUAIRR a8 h ﬁb]lb?;&l. t1i® additional layer is

addi tional layer, form ng a second additional |ayer,
a halidamehcéang hiadyct dfehs evasburdemigottionnal | ayer

[42] Planarizing the additional layer and the overburden portion can include etching the
additional layer and at least part of the overburden portion. Planarizing the additional layer
and the overburden portion can also include a reiterative process that includes etching the
additional layer, forming a second additional layer, and etching the second additional layer.

The reiterative process can be an in situ reiterative process.



The reiterative process can be an in situ reiterative
process.[43] In another enbodi nent, a sem conduct or
walewsows3ws formed by a net hod includi ng recei vPEIGUS2004/043909

patterned sem conductor substrate. The patterned

sem conduct or substrate havd ng a conductive

interconnect material filling nmultiple features in the
[43] PBidmREHr ethBBdieune %%%W&nﬂﬁﬂt@ﬂ@e@r%6§forffiéﬂ%'a%etﬁé&hﬁﬂldmg

an overburden portion that includes a |ocalized
recelvmmmﬂ‘ttﬁmemscmlcomumdubﬁt@tm| Thegatterried stmiqpaducsor subsirate
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pl anari zi ng process. [44] anot her enbodi nent

umformmfl daesldifionat layet ipforfed on mlge evedbiatlerdportion enéthe additional layer
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removE@TPSE PRRaRAhE Praress. sem conductor substrate having a

conductive intéerconnect material filling nmultiple
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1ntercdn|ﬁa¢t stroctuto@at iachideaktcaedg ﬁ@lﬁaltdurﬁaéééﬁetpﬁtteﬂﬁd semiconductor
additional layer is forned on the overburden portion.
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being substantially entirely renoved. [45] Stil
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etchedsd I@@ttsltaaﬂuq11¥1 Eﬁﬁaﬂmhe dadfm@m Porfidh | BE AQE IS RAT SRR Béiﬁ% or
substrate having a conductive interconnect materia

substamtigllyj engjrady ramqyied. f eatures in the dual damascene
pattern. The conductive interconnect material having
[45] aStilbuentinreddodpoet irwiudehameithnel ofdesniaglacial daeacene
non- uni f or op surface anpd a top Fortlon of the

intercogeqt Strpciuts Wb@ﬂf‘%ﬁ“é?‘é’f”&ﬂ% AidBal qagnasesng datierged serpigpraugior
substrRIHrihd @Jlf'i‘:da]:ngs}é%ﬁe gﬁtg t g sgfﬁfaoﬁg glnsd%%&té ﬁgvmg'agonducuve

addi tional Tayer e over en portion

intercopheo atdtered fillitpemaltigie feangds ih &w&fuab&m@c&wmtaﬂt i 'EHel ¢pnductive
entirely renmoved in the planarizing process.

intercopegs paterial &a]ﬂflé éB8¥erpprden, Bortign 4hat énqledes 19@115% B gniformity.

A top dubgke | ga%t ot xf&‘q R olzé?ﬁuf'agﬁj E{J id IH%geJE Eallaf c%(‘ij)%x{b‘& t8 form

secon ayer
an addﬁﬂbﬂialt laymain thayesrburderepareibh.eTht haditipriad 0‘,2@@5 atxbthe @erburden
tinued until_ the remaining overburden portion is
portlons% é’laélﬁ’fl?%ﬂ the geditioan) laysy beingspbatpntiavsaichermqyed i hes

planan@m%g&gs.f Phe ﬁlaf%}%ﬂ gzﬂrg&sgﬂglm é 2F e'ﬂe}éﬁv‘e‘ %%cregg thgtf infludes

etching the additional layer, forming a second additional layer, and etching the second
additional layer. The reiterative process can be continued until the remaining overburden

portion is substantially planarized.

[46] One embodiment provides a method for planarizing and uniformity control of a
patterned semiconductor substrate. The method includes receiving a patterned

semiconductor substrate. The patterned semiconductor substrate having a conductive



patterned sem conductor substrate. The nethod incl udes
recei ving a patterned sem conductor substrate. The
w@aioserda3etl sem conduct or substrate having a  PCT/US2004/043909

conducti vei nterconnect material filling nmultiple of

features in the pattern. Phe conductive interconnect

mat eri al havi ng an overburden portion. The overburden
interconR&t th A& N &Yl ROm A tipRCGH feA @M s ROIhE PaftrnMThe coiuetlKinterconnect

portion of the overburden portion is renoved to.
materialfiasingranzyetbueden\pertiom: déhe qyerbuirdem, poTtien kayieg alecaligedyon-

e SR AR S B8 e R
portion. Lﬁ%ﬂ&taﬂﬁeﬁ%%ﬁlﬁ?ﬁ‘éﬁﬁ@é%ﬁ&{ bb1fiBn iSmepged esl détermine a

antia ve the global non-uniformty. The
global npatuhdormitya rTiesubstamtizdly docalll lapativet eregburden puHon tstasehed to

supstrate_in ual damasce process. 7 enoyin
substantall TEHOKS 136 A Bh ST R B AN aP £F SHe e giEned
semicond@&(Bt ﬁ%sﬁﬁﬁﬁggﬂﬁil‘?l@ﬁ‘fasdeﬁé! Bfocedy. t he overburden portion
and planarizing the additional |ayer and the

TN R T

additionBl 18§&Ssh thé 4&rbdideepiraibh ued planiesny ilegddhi@nbiubyer pod thieon
of the overburden portion can include form ng

: . an
overburdgtcpartiom alhe addétionghlay¢rdeingeubsipaeilysafirelprenpiyed in the
1 .Zchem' ccasl ly converting a top surface and a top portion
plananizis REY{ver bur den portion and etching the additional

| .and at |, t t of t bur d ti t
0 LSRN i RO e LB S RSB
fonning%ﬂda'dhitﬁﬂgll 1aved ¥R thGIePlir@HMPSIA0M bRthemBally Edlv¥rting ARYE Surface

anari zing the additional” | ayer” and the overburden
and a top Poiticarf clenovennirdahepaatiorearndeteliing eheprdditamsl lnpratand at least part
i ncludes etching the additional |ayer, fornng a ...
of the o¥EBYHE BRHIPY foHATLNGY rlﬂa%e SN FRH TP R e additional

layer beﬁ%%gb%tgﬁ%;ﬂg lre]:gérﬁl%fzyerging)%d. '\'Pﬁgéﬁﬂn%&% 2AHRRhANLYRbhY the

ver burden portion to determne a
overbur@drofutiomedir incluflos pditeyativaprocesd theeinolmgded eichibdehe additional
substantially_ locally planarized over(fu den portion
layer, fopning ayecertidditnmablayers anberhingdsrerend #eitams iy i al 1 y
| ocal ly planarized overburden portion to determne a

[49] Meppiak theowbsiantiablyiocally piamatipesd engeburdgpperton fedetermine a global
.substantially | ocall l.apar.ize erbur de orti :
non-unifEFGy E Il PO e PHELOLNCY AL PR )G s fgbideR pordon
with an BUR QIR CENNE NIAHPHENhE Qisk Bfiafl @ 162HIIP bRAA 2kl erbarae
the gl obal non-uniformty can include adLustl ng an

portion &t determeus pglobd roompéiosaity céoinclude niipping| the substantially locally
. non-uniformty. Alternatively, etching the
plananzg%sgqrgmd]e%pp PGSy pl anari zed overburden portion to
substantially renove the gl obal non-uniform t%

[50] Etﬁhinﬁdl_éﬁ %{h’@tgp%m lggally pégqamz%wqx{@urglﬁ%p%qﬁggéq su st%ggally
remove ﬂﬁegglb’nﬁl Enlglg-lllﬂelffgrn)ﬁ‘ql ORYhch dPA LS JARERARL B0 SIfiyReRSatt Por the
global non-uniformity. Alternatively, etching the substantially locally planarized overburden
portion to substantially remove the global non-uniformity can include substantially
eliminating the global non-uniformity without imparting mechanical stress to the multiple

features.

[51] In another alternative, etching the substantially locally planarized overburden portion

to substantially remove the global non-uniformity can also include etching to expose a barrier



features. [51] In another alternative, etching the
substantially locally planarized overburden portion to
wGaawshaiseT al |y renmove the gl obal non-uni f or m t RCT/ES2004/043909
al so include etching to expose a barrierlayer forned
on the patterned features. 10he etch can be sel ective
to the barrier. Etching the substantially locally
Jayer {BHARASH FRDaAUBEDHALRLL. etk @ canBeSHIREH R YoitRE bitriE£ E¥Ring the
t he gl obal” nonuniformty can include substantially
substanfiallyntozallycplamayized cesbademportioe te srbdiantialiyeremeve tlaoglnba non-

. material in the miltiple features. [52] A final. etch
unitorfiggn ik suPSamy rfleieialE ShReerRR el teconifrag iigoonmes
Hmmﬂgﬁﬂtgygﬁhgﬁéhghh%.reane the barrier layer forned on

the patterned features. The final etch process can

al ' e_le | .of. ' .
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remove st ©iri& 18ye: TodhedCRRRE pattdrhel] feAedsh @he Eitbloglinprotess can also
i ncl udes a sem conduct or device forned by a nethod

includg pesnendil afja masle matenigl. allisatandreibtg interroppeed atesial can include
atterned sem conductor substrate

substrate. .The
CqﬂmﬁﬂVﬁ%ﬁﬁgm%Bﬂéﬁgﬁ?Ve i nterconnect material filling
ltiple features in the pattern. The conductive . .
[53]  ApethehmkedimpRy afidss %ssvﬁ?fald&ﬁt_%%vrlmﬁ&&ﬁéj BoR feghpd including
receiv%x%?a: pa'ttQﬁJeP qt@lﬁiec%nh&@ | g Qe oﬂ%‘ﬁa{t@fﬂéﬁtsé(nﬁcﬁng&ﬂttgr substrate

1 on O overburden portion i s renove
havingk esraluctiee inteecomect matelen fiploag mohipleTieetusashs theerpattain. yThe
| ocal ly planarized overburdepn portion is na dto .
condugiEyedPiFGEnEELNASEI hRYRE BhPYGPHEeY Porfa iy A edpreyized non-
i aly | iR IstrbRABye oGS Te R overburd
it RAPRSH G . ANERRMEFSRURPILLANL Poahoste | g
portio®NThéarbseantialty ety placirizdé sverbnmeh portiof i§ mappaigoalettuaine a
mascene, i nt erconnect_ structure. Theg%ﬁ%TOd i ncl udi n

da i ; .
globalmegamiforyity, dhasubgianadbenenlynlanarizedo B BB s etcfied to
J _ﬁg@&g e patterned sem conduct or
Sm”“@ﬁ% f%g%geﬁg&gﬂgﬂgb%gn uctﬁce i nterconnect materi al
filling multiple features.in e dual .d scene . -
1541 panobierborinBaing Eomrnpd ok BRmEH o BPRERRRe morgonmec
structi?E. PHEFRIHESACIRARE kRBivid}Ad dihd] GhieiREndpdtReRld séfconductor
non-uniformty. A bulk portion of the overburden )
substrgger Thodual slamesmsue gattasngsl ssnaeondactohsnbsirate baviggn conductive

. ortion. . ving. the.bul k .portion of the overburden .

intere et ORI e R AT e OB <P AR | e onducive

intercMBERHEESRA HAOEABvaBArd2h FRATdZthAdnd10&esacidE 411728 Abn-uniformity.
'ayer and the oOverburden portion. The additional |ayer

A bullbportign sfithetcntbivadenypogivini is e¢rpovedrto plalaiize thieverburden portion.

Remo S kB o8 e e B S bS5 one yveron
the ovgj{bﬁf&h _pﬂﬁgiﬁndnfd?ﬂz{ﬂaﬁﬁngTﬁ@acﬁﬁ‘tﬁﬁfaﬁﬁ%@nﬁ%bé &¢c@birden portion. The
pl anari'zed overburden portion is étched to

additicnabkityertteiimd $upstantially entirely removed in the planarizing process. 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.

[55] Another embodiment includes a method of forming a dual damascene interconnect
structure. The method includes receiving a dual damascene patterned semiconductor

substrate. The dual damascene patterned semiconductor substrate having a conductive



renmove the global non-uniformty. [55] Another
enbodi nent includes a nethod of form ng a dual
W@l 20989TBWE | Nt er connect structure. The net hod PODUSNEE043909

recei virng a dual damascene patterned sem conductor

substrate. The dual damascémhe patterned sem conductor

substrate having a conducti vei nterconnect materi al
intercdrinbét Mte T FiiiiRg ﬁluftfgﬁ’é Rafiesiif tiid Watl dahadfBPSRRAE The conductive

pattern. The conductive interconnect material includes
intercanmectvratertial dectuges rhioverbuivieh porimintbasncdudesgaoraizgd non-

[ mty. A bulk portion. of. the r den

aniforg; PRk OGRSl SBF s BRI SHE YR B fiafoe the overburden
1o OREBH ' ' ey RIrhHH AN
poriof 54 TR 1 ool e i
additionaklaperr aethe peerbiian pyrtohdyicbemnioplly oomertingwtog stdpce and a top
surface and a to rtiqn of the overhurden tion.
portiowﬁ%thscﬂ)aﬁbilma|90ft§vg Angraddigionsldaver apd gt B F ' Riburden
. r . i ..
oo LSO 1 i bt o i o
being fidistagtisllybaitiacly ircrhdvyede Tthie sebsyantietip kedlly laearized overburden

oo e P STt 2, DY e ROALLRD v
L
501 RG0S b8 AR B B fcen roses

in accRHIRERSTitl SnPGREIEIRBRDI W (e RNLIneBRAMH. MERIsubrdté1 €00 has been
present invention. The substrate 100 has been

patternzatas parief thessepagandodtor menufecHiiegphecess suehndidg dual dainpggene

rocess such as dual dappscene nuf act uri,n
manufoAHEE BroHamAS IR HELD HAORaIE S el (00 bR sapgrate 100
includdO9 lar%er,‘ SormtNRRt i i fed RO SO 8s, tferlcBI @8, et & PABMARr, somewhat
I solated feature 102 (e.g., trench, via, etc.) a

isolategrfedtinerl 04sodwevead] featules i @@thhbat derselOpackeditogether. afs barrier

f eatures 106 .that. are densely packed tpgether. A
tayer 16y s Ticliser 186 bitcien g 1its BiRiets R GRR Re ey the
substratd 300 Sr & ¥Pidelileinferfidnt&retidlaber iBle dolamtivBenterconnect
substrate 100 or a conductive interconnect materi al

materidRTR0 cBhédecoppiror copper nileyr arorhre conductive nwitert®0 can be
copper or copper alloy or other conductive material.

[57]1 [ Aflovébuties poitiohen 2agiid @ndddReahtetdoanao Adhteial 120 extends
I nterconnect material 120 extends above the features
above tigofeatuees, 1020H)4a k06 prrbinglides easiespansationdized varatiqng 114, 116,

o554 S 0, L SRR P s

correspElikAargdr A6drE RS PO thigkdess GEthe deembaaRA poidnhE 2 as compared to
t hi ckness of the overburden portion 112 as conpared to

the smaHer foptiate KM, mbighihee a sbahtlygmaller Heriationdn thisknegs afrfhe peerburden

poriof 85 SO0 O PR e P e DAL R o e
overbirtéd pasefl 110 ckness of the overburden portion 112.

[58] Typical etch processes etch the overburden portion 112 of the conductive
interconnect material 120 at a fairly uniform rate over the entire wafer area and therefore the
typical etching process will expose a first portion of the barrier layer 110 near the large

feature 102 before a second portion of the barrier layer 110 near the densely packed features



[58] Typical etch processes etch the overburden

portion 112 of the conductive interconnect materi al
wa22osate3dr fairly uniformrate over the entire Merf/E82004/043909

area and therefore the typical etching process wll

expose a first portion of tlde barrier |ayer 110 near

the large feature 102 before a second portion of the

106 whlabé bggostdyRrsuhl Qlert?ﬁbaltd&@nﬁgel?%ﬁésy cRaek othnfu@a AdeShiMensate
y

will be exposed. In sum th i cal etchlng process

for nop-amifermisy & drg Qustamderceariiems 12 ef the cordistiviaifiesconneyt material.
t he overburden portion 112 of the conductive

[59] i Rigered shmectanrmitisional laydrR0P aBdglinecérdimasyidnone embodiment of
addj ti onal r...202 n accoydance with one

dd
the PreSRiGRHY FRIRY: e?ﬂ@uavaéﬁ@ﬁ? oA on PR M vergidan portion

S
(SOG) pahyailichn,|polymedreesis) bilageg UV spihermvdlygluastde iAok, or other

materiBL 0 T lovDE 4 FFnab HERC e BiYCRIoE i SRBERPr A

s I8, DAIRERSUIABERINIA 1) B O, GBRIRBLLED St

layer 20d.1myay, alsdbbaincded Bétween the adbitiokadsgy 200 ah thealvetbaydsh portion
,éggc y al so be included between the additional layer

112. ORIk Ve ADrisem e A bawter ilayir auan adhguon ypor Fhg conformal

e R s VR e

60 B iddeghal i3 AR wq‘rj@y@%n é%ﬁo% ﬂi%@e”%a'}@ﬁreﬁvwnkl ctch

selectiPRy b Bt J%SQfﬁéﬁt &clﬁHE ?Fc@%s' @l g)cl:aégléa &g‘é&@? @R i)i’dé'egs‘ﬁ can

so that a subsequent etching ma of

etch bejh slepadslitganghlaperad@ssyl tiaoveehrterbpdrtion ﬂ] &2 athﬂlbstanmé]ly the same
| ayer 202 and the overburden portion 112 at

T substantially the same rate. [61] Figure 3 shows a

substantial |l y pl anar overburden portion 112' in
[61] Jdgwiedhshowswisubstanially plrsar aeasburden portiondd2eintaccordance with one

th 0 2
embod A0 R BRI 84l bRl RGe 23R AR By
planar hﬁk%celolvgr thé l%ck 3PRyers 100) SID, €1Z20Dh RfsO6RRIRg @%bess can
uniformy etch the additi onal | ayer 202 and the

uniforglyegtety thg additiopal dgyse 20% én@hﬁuofverbar@a 1dAtover thpentire area until the

remam?l?%@\%e{\)l%/&g?n Og‘glgll%l %Pf is ;{?J%r t%}lt?frﬂglc lbl a{aﬁ:im}{r’l :ﬂi%ﬁp t%lijc’)ca{l%}atlons
114, 116l 8 18 sbbatedllyiefibliiated.i M nated. [62] A typi cal
reci pe would involve conditions that provide a 1:1

[62] €A &Sk ké:‘cf#e' WodlY iR NEDR 3RS ﬂfl\flj\gltolvﬂ%éij 1: h%%ﬁ el%?tfvlgﬂgetween

the "over burden portion 112. exa

the additilohial layea202 angddhe Qﬁﬁbmxﬁeﬁﬁﬁnoaﬂdﬁt Be vayesf kwﬂrdp]& if the
hen a hal ogen (e

additio 51r15$¥39§é%%5§h@40 B¢ oyerpien gedionddd i SR S halogsn (2.
Cl, F, BOTbdbiec %%r\ﬁ@id'es éh 9&?@9&%({1 Eofad I‘P\’ﬁefs% by Weﬁgs cgﬁper to

the desire 1 selectivity ough any asna
allow fgamnp'rgﬁd»n therdgsired 1:1 selectivity. Although any plasma feed gas producing

reactive halogen radicals can be used, CF4, C12, and HCI, HBr are typical examples.
Various process parameters can be adjusted to control etch rates, selectivity, uniformity and
reduce corrosion include variation of process variables such as substrate temperature and
inclusion of one or more additives (e.g., Ar, H2, Cl, 02, CH3X (X =F, Cl, Br, I), CH2F2,
and CH4).



reacti ve hal ogen radicals can be used, CF4, Cl2, and
HCl, HBr are typical exanples. Various process
WE20080B13¢T s can be adjusted to control etch raP@sUS2004/043909

selectivity, uniformty and reduce corrosion include
variation of process variabl3es such as substrate
tenperature and inclusion of one or nore additives

[63] ( An@ther &ﬂipro%, in%lvesoap—spu%a&ﬁ%aﬂ eoh ¥th ABlor ofher ir@l’ﬂ?éﬁg such as
and CH4).[63] Anot her "approach involves a sputter

He, XdoNe,femts e phinwiry btckant of thetdopperioverburdgapostiarhl switle other

...Xe, Ne, Kr, as the i pary etchant o he, copper.

aditySdp it b s SIpL o T v SHORG AP FOLBRe fipnof te top
surfacBof the" r@ﬁﬁin@r@&fp@& P2, T ROGiHERR& cdna¥Qhdl ¥sr %ﬁlgle H2 and/or

passi vation of ‘the top surface of the remaining copper
CF4. EltRer dfrtbesstphecesseddi ¢an\opsrataovelr iaovidel empemturexamgel of beBveen

or 4. Ejther of these processes is can operate

ahmngggégﬁeéﬁé@dE@ﬁﬁépgﬁﬁgﬁe%énge of between about 75

degrees C and about 400 degrees C. [641 The first
[64] eilBniiny eshieayacdssisan csahcpropss designedds logie tha gmaging

t he renmai ni verburden;porti o ' J
overo}iEn pEETAA SRR ISR Bl e LR it 116 115
are subdkBntaill§ efihigdtant OAd byme6tel sib&tuesd ety HHcd¥BEsewill remove the bulk
subsequent etching processes will renove the bul k or

or the mhagoritgjod thet qvediurdénepastien blid’ deénfipish eichimg process ganfhergpphed to

contine G0 B RS B8 ot it B E b B EpMERn 0P  fogfmoves
from thd Barries 1 1@ MPNSHnikK SRhinBr&REY ¢Malsble indil@ed inthé Bulk etch

etching process can also be included in the bulk etch
procegsr Seibsguergipsecegses afteipthe fioisbetchadan énclydecselactive hargiectgmoval and

ps e SR T RN BB PR vy

for futlrPSleQinANAn REQYLAS opEARbA bt thOfinkHE{cARAn be designed not to
processi ng. An additional operation after the finrsh

significtntly emovb enylaicgiabbutooty passivitgthef ievaiming consiwotiee matgrial 120
mat eri al. but, only passivate the remaini ng conductive
to preygy Goraiion ! BV SYBHLY BB TPIRT SIS B ovi de

stability for further processing. [65] Figure 4A shows.
[65] ¢ HigusahA shewethesubsiaia HY havine gopreone 3 seond cohing nygeess in
accordfnd¢ AR ohf e&%;%éﬁﬁ%ﬂp é}ﬁn@"g}é!er&gﬁve%m&d*rﬁg Meof efclifg process
pre e etc

sent I nventi on. econ i'ng process
contin@édfol aﬁt&ﬁ}%d}iﬁt afeh el Py BrrriG&Ueyertihatvill be elpused et all Rations
110 wil |l be exposed at all |ocations substantially .
substagfintly sieviarrorsly and leaximgiondy bapprtione 206 theorpndpeirmatpgal
(e.g., (%%EQP %(t)l \ég—cgﬁgnﬁxign:ée{l}o § it cOnglg)lgFtﬁ)r 5, eﬁl%pcgﬁé’r'cggﬁllic%lvg 'nthQerial) that

oysS COo ns, an r’ conductive

fills thegegatealld2 t1val 166.1 | s the features 102, 104, 106. [66]
The first etching process and the second etching

[66] PTRE firs? eﬁﬁﬂl&?ﬁo&%@zﬂcﬁﬂ& k@lohd efhiH |;ﬁ‘<5069§ catl BEubb@AM I Wsimilar
different. way of exanpl e, th§ first etching
or sigipficadlysliffemnt B yawagotdrangle, 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
overburden portion 112 can be removed in the first etching process. By comparison, the

second etching process can be a much more selective etching process that removes the bulk



process for inproving the |Iocal planarity of the
over burden portion 112 due to | ocal nonuniformties
wa1005/026867 118 (e.g., caused by feature 102, 1Pd1/US164/043909
| ocations, sizes and concentrations in underlying
| ayers). The entire additiddal |ayer 202 and a portion
of the overburden portion 112 can be renoved in the
of the fféxﬁa%m%t SIBhADVRFREESE 1281 6O Bﬁtﬂi’oﬁrﬁ?ﬂe #/hen 8RRk layer 110 is
et chi ng process can be a nuch nore sel ective etching
exposgi)ocess that renoves the bul kof the renaining, planar
overburden 112' to the endpoint (i.e., when the
[67] bRigiie4B klaywey théd bGbstistechapganiiergbbe’d binirigtiteenahal pimm in
t he substrate having undergone a barrier renpval

accordsner Wi ong cabedimeah SEthaprsey r#’éVeéﬁ%dArﬁémlmbf’f thg barrier layer 110
re A
is remlgged? tgrgxy % %q}ndgﬂ%m% nga(r%ﬁ ‘lif{ i (?%1? r’crlgegé(JIJflglé g# ﬁ%garfn'%e]' (l)ayer 110
that is@nyed Wighin Ahd fe@mr@f 102heod aoas reemalh apewpitdiset bl ettlsing process
formed within the features 102, 104, 106 renmin

removey gieduilk B@@Qﬁ of tecrveryrgsndde @éﬁlrgb Ao @gd pf?éereblwmthAa high
t
selecu&?ﬁ% e&lgaamer lztle}ﬁ?Yf% |b]é¥| q’%gf’ I'H” ?1'3 rV%ltb% a?lﬂaortmn 112 1is

coppet, mrogéﬂobaﬁm chairisty (€3, Q:qu ch IBO\BTIBY EslEe effectively used
portion 112 is copper, a hal ogen - based chem stry

for the second etclting propessH@n anq;qur appop a@gwl%lyéiom@@@m@g} rocess such
q & g

o 515l 35 SFRO TG0 B PS5 ol Be 0B ¥l o

paramé¥ers @ HRtaARIstdd2b cntds] e'tdh&ﬁl‘és giabdeldetiviyg. Thel K/&I@cﬁusqfr@@é%;s
can be used. Various process paraneters can be

paramagfusnenclude abnttinglpreceghvariables S@ﬂhcﬁs§éb%t9{t¢ igimppratyugdpalance of
t
ot S S B PRTERULOL T B SRR AT B B e e

etc.). bal ance of reactive species, and inclusion of one or
nore additives (e.g., H2, O, Ar, He, Xe, Ne, Kr,
[68] eivgp}e 5 18800 L Boor i Iﬁeﬁx})&’wg%}%§ns%‘%g>e%nm aTptdr0d
1ons of performng a pl ana |zat|o In
planarii@tﬁ@ii danceridrich vatheorerdnchdidinzent of)fhet[inmeptrmsenion In operation
nvention. In operatlon 505, the additional |ayer, K 202

505, tlvesad@erml Iopier 9 1o pddadeondep af e cordusiiye Bﬁffrewfﬁlewpftmnlu In
operfich TS Al R i 4 Py SR BRRECIRLL Bapisons e

202 atDiBe a@ﬂiidcﬁee ewtuden pertion @ hulndsperqrionti16ntht k&8condretch process is
operation 515, the second etch process is applied to

applicgl doresmeoveriae FEliAg AYCTOVIEED DPUER 1&% rtp fthgrengdpomtys o t he
endpoint. [69] In an alternative enbodi ment, operation

[69] Slbarcaltermtive einbotintmt,aopeiativs hlecahalpy mchsls adinish etch process as

|be above. Subsequent. processes after. the finish
describEbaan SHERUTE PREFSE U8 BERTLFEh o ods atecttVe bitfer
removalaéncd iy ieh ;}th@ rdBATRInRIcBAIE A RIH G E1 PSSk Rint 8Q0didh and
prev nt corrosion and provide stability for further

providerscabdits |fmgfurthcr @Edcissingnan adgitiontliaparagibn @ftet the finiishi es¢h process

can be &es1gngc5 not to s1gn1flcantly remove any material but only passivate the remaining

—

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

[70] 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
of the present invention. Figure 7 is a flowchart 700 of the method operations of the

chemical conversion and etch-back processes applied to a substrate 600 to increase local



can be designed not to significantly renove any
materi al but only passivate the remaining conductive
woraiosniah7 120 to prevent corrosi on and provi dePCT/US2004/043909

stability for further processing. [70] Figures 6A-6D

show a sequence of chem call5conversi on and et ch-back

processes applied to a substrate 600 to increase |oca
unifonﬂﬁg,f 1Bk d M ande Ry G SRRt R tRNReRIPRIERRGH. A sholv@ in

present invention. Figure 7 is a flowhart 700 of the
Figureréek, hiodsubpiratattiod hss osutstagtiallemineplanas ervedusdemrpogiten 602 with non-

pans Sy U R RE ST oD EERRELT FifE v

enbodi nent of the present invention. As shown in )
[71] Refarmgpmw tridgyighBraadd. Boweriion 403 agsadsifional jayer 604 is

rorme R 5% i FLOUEH5ReRFD? 28 B0 BBl g coosed o
formed88 el Beeburderptice6d2. abpway of @ampReftks addionuduyti0604 can be

Figures 6B and 7, in operation 705, an additjonal )
formed thyeugheochenscal spmeaasiom of & PPOROY PETAREHISHE BEsTDYEFT PosHon 602.

N N AT X

can fo@)¥ @¥Bpsor rédtgion PeidutORFr 602y Ohe CRAmpIRNs B@allogenTga that can form a
t hrough a chem cal conversion of a top-nost portion of

Cu-halidrelapareiOdu ridhercoppar treastang yer 04 diffasesriprie ke ef the GAPPer

602 S copper_ or copper e} t hen 0
overtu 39 Ay & BB o Bl RS} o Sunsh Ao BERBOAT RISy f
chemi¢AYEAvBRQdn oEBSHpBXATRhEwh $n thehidd, QGBS Jgrdj S Kutiauwnifagd Robert

a Cu-halide | ayer 604. The copper reactant |ayer 604

T. Deldoff f Usppdicatiorooft ielality Riegrams ferdeove dppeerabiyePiydieing and
to. t a,t ' t h
pranaR580L Eobrelr ORer b et L OB LR P A58 o002

in the art, such as_Nagraj S, Kul kar ni ag%gﬁo ert T.

[72] Derspther exgspplecihe pdditional VPaei4 ?8@536 CREHIEHOTF BT OYBhprden
T e . t.eni NG, P ' i . .
porio B AL U DL A FABARE G P B i

depositaldir (56 I2erbd R poltia] 6020 anot her exanple, the
addi tional |ayer 604 can be deposited on the
[73] OREfRRM LI RPGSAbnEAD and My 6@ BOSAH &teh-badleprobéls icapplied to

include a polyner |ayer or an oxide |ayer being
remove épomsiditéshab lyehe)4o e poitiod of thsorvethardegqmortigry 692 may also be

TR AR T —
the pr(%f?é gf g@%erb%r@%rﬁdr@éh 602 oo P SOBU M HRICRARE dOMbS AR dIB)softens

e renoved. Renoving the additional |ayer 604 _
the contests| dfshé ovdrburtlreporsion 682 AGCy-haligle, cap latseanainiaing subptantially

ST S e e
can be%%Péa?é?i ﬁﬁﬁfp‘i’é‘%ﬁ@@to%ﬁ%thﬁfhﬂ? %@anaﬁ\ze,q}h'e RALHAEIHPdRINSED2 to

ntain a‘substantially 1’1 etch-back selectivity
subseqaiehtprofites GOP ped 606E | mushden ip bigurodD 0l tigpeeselting peofios
and 710 can be repeated nultiple tines to
substagtig}bf BIAR4Tal | y pl anari ze the overburden portion 602 to

[74] 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

elemental copper to a copper compound with copper in a positive oxidation state. By way of



subsequent profiles 606" and 606", as shown in Figure
6D, until the resulting profile is substantially
w@bk@sare34] 74] Chem cal conversion of copper ovRCDHUSZEH043909
portion 602 utilizing shape dependence of conpound
formati on can be typicallylachi eved by oxidizing the
copper at the Cu-reactive species interface. Copper
examp®X ioftida@ibh @R tHetobPérto CAsibaN &R capric EHIGHANEET] ORENTEYat the
conversion of elenental copper to a copper conpound
surfacevcarhoacopines clilprise plasna atlewentetpelabhesteas < 208 degiges C).
of exanpl e, oxidation of the copper to cuprous- or
[75] cTUie étch-datlopiodess (Bubresaeductiail 3 thit cdpper cunfcaod teamther
occur in a chlorine plasna at | ower tenperature .
chemigal cgmpoundeppaplef being Eplatiferand trpgleayipg {@a%l st %@B% femaining
0 [ p
overbis P e B MG ke e toBrsfiRRE B S iR g e 2
reduct @fitRGCLOE BuolateCasCI3ta theprasenca of waaivelrydsges 8@cies (e.g.,
at the fixed substrate tenperature.

s By way of exanpl e,
H2 plashre).cABEaHBE therbaRRIaPRIcat coneisitipHOwEd Ppighriagk of the

C13i r t ' .
conve PR R ARl Aol O081 1SRRG 42w
simultERHOVENy S Sarikzlg chyvepoBiiple @le. Haokledbf thbeopmenweetbartien 602.

portion can lead to bulk removal of the copper
[76] O)Fﬁecﬁ}%kﬁt%rv 1BOf¢tth OByt Rdetbbirli6n 804 siBASALNSIN Planarized, then the
plarfari zi ng the topography (e.g., profile) of t he .
method opp@tionyerd ukltenatBeR, iffif 6petationp by, shd evertiurgen pdrtipm €02 is not

overburden portign 602 s substantiall | anar i ,
substagiialy AR THERHOER DR enanobrRe Tt S ar ALoRyarg O Hope. In one
embod?ﬁﬁl'éﬁt?() a%? 05LTI8 QU SEAHIA SR Rthtd £in &0 8tchThBber. In an

substantially planarized, then the nethod operations

alternative tehrbodimdnt pqperaion il 0 £6% ocdun ¢ sith andera incibdeEGBar, low-down
operations 705-715 can occur, ip situ wWthin singl e .
force QU piFEBP AoTiRvS b aperialy DEngr ayGash porBgR b g hown in

Qﬁg can occur ex situ and can include ECD or | ow down

Figure . ,
& force CMP processes to achieve the substantially

bur.d Y 02 [ '
77 P AR R BPb BR en PRUEIR N el g ¥
removaPHroB&ss SR PedSrnds TR PRhartdibkion O FARURIN-{I4R¢ 8S&blitieh portion 602
perforns both planarization of the non-pl anar

and rempealnfrtie hulsef theoovesnrdearppritemd®¥d| of the bul k of the

over burden portion 602. [78] The | ocal thickness of
[78] t ke Ruchisthickhess of @ik, subfatesalO0h 60@l ednerendetmthinedr tbrogrigh any one or

one or_nore of several known |ayer thickness mappin
more qfesehzral pvaslaysidhickpess EHERRE S Aol at slww_ng‘ theart. By
way oﬁ?ﬁtyﬂj;lg’anae'agg? eerﬁ WELEPEs gﬁ%fhre ffi%ﬁneré@ef B vEMuFdeR %%&ion 112,

fe ‘over n portion as descri bed i
112’ a€ degepibky irovsiathohlySwried eft PaAqn|Apphitatoom 10032328, 2Fbtitled System,

entitled ste Met hod And paratus For _Thin-Fjl
Method b Agpisatis gRAITh BTN SHP i SIEnd tsbasption ey Current by
Gotkis et al., filed on December 23, 2002 and U.S. Patent Application 10/251,033 entitled
System And Method For Metal Residue Detection And Mapping Within A Multi-Step

Sequence by Gotkis et al., filed on September 19, 2002.

[79] The methods and systems described in Figures 1-7 above describe various approaches
to substantially eliminating local, pattern dependant non-uniformities in an overburden
portion. However, methods and systems described in Figures 1-7 above do not directly

address correction of global non-uniformities. Global non-uniformities can include



CGotkis et al., filed on Decenber 23, 2002 and U. S.
Pat ent Application 10/251,033 entitled System And
wokwhoTh3For Met al Resi due Detection And Mappi nBCEAUS10041043909
A Milti-Step Sequence by CGotkis et al., filed on
Septenber 19, 2002. [79] THE& net hods and systens
described in Figures 1-7 above describe various
variatigPinemdesl thids SPRRteAAtl indhé Yerfdr oTiMadubB@atk @S @dmpdred teeths edge
dependant non-uniformties in an overburden portion.
of the sibstraerand mghicn ads-vaifdmsijiss tatard @gtloctisgdipherdinggnaes 1- 7
above do not directly address correction of gl obal
[80] NBidutys fsor MdwdiRs:. of Cheomathod operatior 80070t doeciimmglobal non-
includevariations in renmpval rates of materjal _in the
uniforeiifsen aefordanse isaneambodinens ab Hieduesent Mientigdn gperptign 805,

bstr at erl,...a0n- Lni | £ N
s RIS AT HIE RO B8 Ay Bty
uniforfnftees TR sk estRedat patiod d0eadivezionh epédatign §1@biad localized non-
nonunifornmties in accordance with one enbodi nent

uniformféesare shstantial e elimipatedispchopdhraugh MBsECH ogtk'smtag% and

hayi ng |.ocal i zed - unj f Lil . all
ssen bR AR LSRN T FRAMORORR i g Substantily
removieethB Wl B el bt fornStidsFe@hs/eeibsiantiSIpe tavhllp plafidfizedtdverburden
| ocali zed nonuniformties are substantially elimnated

portios st asshe planadgedoverburdep portianhid 2nshayer Bigdres\ahoses
described in Figures 1-7 above or any other nethod
[81] KR@ure 9 shdveea substanSalbsteaoted Iplanarisspovenhyrdénepdriom P02
non-uniformti S,s for a _subst ant.i al i}{ l.0 ahl%{ d
accordgngih 28 CEPRR R HEh B SFEPRAn CHEAN L1 RPERLAY resagyed.
TooL d ' ' ! AbeMen dud hs a few
planm%%g@?ébg%ﬁ% %ngsbl}lla%at% gﬁt% iqg‘«lﬁ‘f]\);él éﬁgggg@ugeagari zed
hundr&v@idstrome in fhickinessn 902 in accordance with one
enbodi ment of the present invention. The substantially

[82] ' BIEREeion 130 el saBHa@Y @itk Wedimapioed bastb@den pariohds mapped to
relatively thin overburden portion such as a few

identiflyumd qeedntifiygsy gtabs! non-unifaiessdn tegiinarized pesrhyidem perion. The

s DB LT RS PRT 88
thickn %r}h ih OtRhhd16Sied that /8 KROWA R he @8t \deEdbed @Po R0 MHeQNapping

2
The planari zed overburden portion can be mapped with
can beainyitoif@itbin thocerraft pseess diambadwn ek aife fextdinal ko drgscurrent process

e GELEAT B SRR B 5B e Bl oL Ty peavn
proces{sﬁsgto%rd BinidAi19 @8f%Sted Q@%%%se@ﬁerﬁ?@r&ie_ﬁéés progk&@knal to

current process chanber). "An in situ mapping

[83] anS § %ggjﬁeoﬁfé’zoalh%%ga‘?ioﬂ%ﬂé‘ gg&é%gf Iﬂlce: lgﬁﬂf}f Ig%}-ﬁlﬂfo ities, as

processes to m usted as the
deternSiHES BOGIRAL ORI 1665868 apy @aToesdin 4 Gdktahtialbpaedianival S&0s-free
the | ocation_and quantity of the gl obal o .
process hy-aditistiog and p@gro%a@ et dhing BEgesSIO aﬂ%tz%& the spegific requirements

of the ?E%\étgzg_g?(ib%leﬁgmxﬁgmhﬁesainsa%ﬂhagéﬂ Bloc¥ss"BY WA of Bkample, if the
remaining overburden portion 902 were approximately 500 angstroms thick in the center and
300 angstroms thick on the edge, then the recipe can be adjusted such that the center to edge
non-uniformity can be compensated for so that the entire barrier layer 110 will be exposed
simultaneously. The stress-free process avoids the CMP problems described above because

no mechanical force is applied to the substrate during the etch-back process.



process by adjusting and controlling an etching
process to address the specific requirenents of the
wa@ledosntad’ gl obal non-uniformties in a finish BCTNS2004/043909
process. By way of exanple, if the renmaining
over burden portion 902 werd8approxi mately 500
angstrons thick in the center and 300 angstrons thick
[84] OPhé RLIRAEE,, st1BEBd YiBed 6GIrbE:sS Mtidbeespeatistseleet ediseldititve to
he center to edge non-uniformt an be conpensat ed
bamerfloyer§d0t(hat wilhetck tiei bagridyat amchlsﬁy@r ratg thapithe regipe will etch the

xposed s n. The stress-free S av0|
coppet, it P P GHIoC R CHGES Phetrosoveona aes el ARG Res i
greatef @h& Sbdit 18R |1és‘§ %atnchbbﬂt%)saﬂﬂﬂart HHE nﬂﬁfn‘nﬂ@ aﬁﬁ%c@%é‘d’(e lg%%b'(cess
process.[84] The recipe (e.g., selected val ues of
removpk afdbs sonductinbetsyiat h%ﬁlnltlse feluses K. 1@4,980kct i ve to
barrier layer 110 (i.e., will etch the barrier at a
[85] n’Dﬁé‘lﬁﬁﬂsﬂ\éﬁih daAthevd ﬂ&ﬁim%]ye;ldve cicheated fok beﬁlcdmppéleofahﬁmmﬁraming

pi cal selectivity range of copper etch ov
overbusdiet p@ﬂO@@@ﬂ apéy ther@g@réweié% Esminimizedigy £FCcEHiat B Septures102,
104, 1(}6 ?/L"ﬁl 1Je§ps fzt {orlﬁg re%?ag@ég "131):15 p@aé‘{lga!%f t%iéz{rggfn {::Pt llzlg AW result, the

finish BRh @Ehredt h&‘Z@a ivérythideh dedsativite o ké2the tOpper106) . [ 85] The
finish etch can have relatively slow etch rates for

[86] bﬁltffha? CRAYacPbrdcBe daff ARb He HELIRNRA! e ¢RRl &eli-bhékpr38s includes
and the barrier l[ayer 110 to minimze any recess into

etch-badieoffthamask sla@iial aQHor the BLMinderrad s&p@cﬂppmprtatﬁeselectmty and
remai ni ng hei htbrlerofthebar ay

uniforiaty GoprR ekt Fis Gt BUERTE BHpIGEes AU Y& g6 and

substafGAIRCH b drf¥athRs %%ﬂﬁal%gg&rand [Iﬁﬁ]loﬁ ¢ign %hy 8&1?&1‘ Rasds is
process can a I nclud final etch-

globalprwrifess dcnass mlmhﬁmbettam 10@etkthetnd bithetiskl atett @rd ladmmdmolval

e W B B LD SRR P S SeheE L SR
mask IBB. }ﬁhp\%ﬁh %F#)S/ f’e@ﬁh@y {&’nﬂlﬁﬁélcbgﬁ)éﬁ Mods QhAMARGize the copper recess.

st anti a pl anar features th mnimal copper and
By way loDek&Iﬁple( £hgogenaaged ppess wiecets hakggh odmlehgratmmi if dowrand the
across the substrate 100 a end of final

substrif G TRBATRTIGH @t 1ot 9B 0y 00 AZieR ©) 1 rafigain S copper
ctch s ORI ST Byifiehly bRELICHRY BBl U FHATRGER, My plasma foed gas

1ncludiﬁglﬂaﬂﬁ'bgbﬁ reapipe decq:ess{e andhti G2H6 Kéfll:t6bl earclopypsed. Eﬂacdm&: control

way of exa a _hal ogen- bas d pr.ocess, where the
addltlwmca@ sledsee 2p CHER and 0 50 iBgIRded at o
tenperature is low (e.g., Iess t han about 200 degrees

[87] Of the gﬂobaﬂmorppa] 1acess hregioropiéiDeloghare apa-upiorme agiopy fhe substrate

at the G ol P U ERL oG R Db Pelia yaTd Shidlions thhe

rec1pe Ql?usg be tdkeft to STt fdeHid ogﬁﬁloﬁﬁmﬁ‘éﬁﬁhueﬂ BY wa3toE ef@iple Odypical

ditives can include , CH2F2 and ot hers can
1nstancz€|ssaoe beesihiof abdonfugifprhity aﬂaelegir@bélas @mepefﬁstroé g@égnsfast etch

rates. JR0E AP RRE oG B HhE § TG B PR qagor mask/ILD
loss a®b&Nnd aRHstRIO CRRSpent RN BA B hiRORI tY @biiRéd tANRSyatiBtidd® obtain
globally planar features with minimal copper and mask loss utilizing appropriate uniformity
and selectivity controls during the final etch-back of the mask/ILD material. In the instance
of a center-fast finish etch process resulting in larger copper recess in the center of the

substrate can be compensated for by an edge-fast final etch back process which selectively



reci pe nust be taken to correct for the gl oba

non-uniformties. By way of exanple, typical instances
wae@sazaesul t of etch non-uniformty are descrP@BEUSHG4/043909

center fast or edge fast etch rates. In either of

t hese instances, can resultl9n a variation in copper

recess and/ or mask/|1LD | oss across the substrate.

etches%ma% flateih] s@tshrkgetoatﬁél EANER vEIQs CRLIVDPEr 1E1E] $n Wi featifed102,
to obtain globally planar features wth mninmal copper

104, 186d Typickl debessivily pbtamied dgn thpppropess 4t areater than abauy 2a ﬁéﬂnatlons of
selectivit th t ch-_back
the eigb o Bk SR O B S SRRy o Bfoss

substrgt’enl' ﬁmlﬁttﬁﬂoﬁhﬁg e8trd1€ 4k E&M@nirfidnd BEE Eh £95R SFal 'O éx%ture.
e center of the substrate can be conpensat ed

\Y anaﬁl)ns ao ceatgd-sklstivifyi inalude teahtivalekogenspesies aoncertiration, substrate
sel ectlveIQ/etches the mask material to bring to the
tempegatygs. #1k UPS B_VEThe copper |evel in the features 102,
104, 106. Typical selectivity obtained in this process
[88] i Altgragively, mqrahmém“amy ip thegpiaiing eTyrdemepuld be pargcged and

trol | ud
Contm?ls%&aé?feﬁ{év B8 055 subst rat e, p.rgrsf? | ux
T ER IR D fr T
a wafér g/lltﬂ%gqrf)ﬁ%%ﬁ’e%dhQ/*aﬁgﬁggl%ﬂﬁﬁl'tfﬁeaQQ Hlﬁfﬂl[th%}ié 8fusing the

e tenperature bi as power
proxnﬁdty ReatRtare/ddsyribetbin-corvitednt d-pending HeS. Petent Application 10/330,843

e IS, e m@@eﬁ?@s DRI N —
whichr[FQ'cﬁ aﬁ@ﬂ-lﬁgyaﬁ%f )pr oS myee A E)Fh&tlon‘NH q0/281 {839 filed

acr oss a proxim head. Vari ous
on Sepemben3a, 2002 and elat[ttbdrt’Mchmthamf Apigaraigs fdn ®rpingxSemiiconductor
heads are described in

B T VR T
Surfa 'gizég{ﬁgmﬁﬁ ve\#ﬂoﬁﬂneﬂ\@ RABES of YRDS ity %Aacy é‘r@%‘iso d¥YbsRd in

( I'S a continuation-1n-part
U.S. Raenp @ipdlicgidd o. 1043380897Afifedi ondDécembsic24, QOOZ&htlﬂ&Q“System for

filed on Septenber 30, 2002 d titled "M
SUbStmﬁﬂp%ﬁOﬁ@%@gf"glﬁh Mepisags. SskreBridc v I\J%Wg’rg Mpi %(ggegnc[lg S. Patent
t I :

AN SR ot S OO ot haSh s o

Proce§yi204l 5 ibytitate Bsidg U IBmaniic Liqmchanmmst’y StiBaddigioealainswdiments of
di sclosed in U S. Patent Application No 3 ??
the proximity hnad pescdaspiaipedin, U.5 oatentpplicatin N ‘kdﬁ% 939& iled’on March

bstr ] &S5l
31, 2088 R N B sk Tob o B o YRGHMT L DIRRic Liquid
MenistQ4, 407 G8%¢ent fA gptidatesh NBIr 6314272 614, ondliahé 24,2003 l\mtdfmxﬂlssled
and S%Stems for Processing a Substrate Using a i
“Methadg and Syasens EerProcessing | Beyeh Edgsraila Sobpsis Pémgsa %ynatnﬁé iquid

MemsD [ %IX Iag%t 3n a?%lt %&)% g:%ij‘)%égﬁgelq}{éqﬁé(gZSﬁleE% he 24, 2083 and entitled

“Systéf bhd MthodRIr mﬂégaﬁﬂghﬁsﬁﬁ dagrolay viithoe &S%afagPﬂ)cess
Substrate Using a Dynam c Liquid

[90] Figure 10A illustrates a proximity head 1020 performing an exemplary wafer

processing operation in accordance with one embodiment of the present invention. The
proximity head 1020, in one embodiment, moves while in close proximity to the top surface
1030a of the wafer 1030 to conduct a cleaning, drying, etching or other processing operation.

It should be appreciated that the proximity head 1030 may also be utilized to process (e.g.,



Meni scus,” U.S. Patent Application No. 10/603, 427,
filed on June 24, 2003, and entitled "Methods and
wEymsens4T or Processing a Bevel Edge of a SubspPeHEUS2004/043909
Using a Dynam c Liquid Meniscus,” and U. S. Patent
Application No. 10/606, 022,20il ed on June 24, 2003,
and entitled "System and Method for Integrating
clean, h&&cquetwgttﬁ@i)&% Witrien 08061 BE wWRFGA©36. "In bAOEmbbditieat, the
1 [lTustrates a proximty head 1020 perform ng an
wafer @Q20his|ratafingad the povicatsiead 16p&may bemaved dx e bnepidashion along
ith one. e diment of the present.in tign. The
the hef B0HAT T FAEAR SR h B A BT C i S8 ERA e FPA
1010 tﬁk&’%ﬁ R Qi et 11003, hBe {RRURUIDT 2¢R0LEBRAre oltiRe 19, @d the
1030 to conduct a cleaning, drying, etching or other
deionipedwetss il ity thpeught thorourte inddtd00@ themapiseusciOd b edn bp generated.
the proximty head 1030 may also be utilized to
[91] PFREESEOH Shdvs £icpanew GF ¥ poktio lvf agieximitly head d0200im accordance
~ surface 1030b of the wafer 1030. In one enbodi nent,
with onpempadiarent oBtheipsesent iaveniipns én thedop visx of ang erbagimegfrom left
. .may. be ed, i i r f [ e '
s D5 PRAG oL N 1 SO O B LRIy e
inlet 1000 &ydenBf thegoliiRA ohfldi0l 00B) AidGhset bfeths ourceinlat 10021 Wh&sefore, as

the vacuum 1012 through source outlet 1004, and the
No/IP A e RlPearevapuedinmahe mesuditvera he proxanity head H39and the wafer

he nmeni scus 1016 he ,ge ted. [ hgur, :
1030, YRl F65 00 AR e BEOIE e Pl ity resice
on the :PA8r 10B02CHRIBBRSEN M ID02 B SoThedinl®N1008, afdgiepoa®e Bltlets
invention. In the top view of one enbodi nent, from

1004 dasériberdcherdin mayzaleo be yetsuitble Fpe b geemetrnsush ag forexagple,
. set of the source outlet 100 set .. of . r
ciroufpgting B OB eof 1 Rhottiepil B sqt MEHEE ang to0s

a se

and th@kodrB8 08Pats €604 H:Ji\ﬁétcirl:gﬁl?opem%ﬁ ore, as N2/IPA and DI'W
are inputted into the region between the proximty

h . . 1. .
21 \ERAPER i aleRin P Bplad{ bink i THOTE BERKERCE Mt one
embodigghosf the ptientiafetioh 0 FiurelhB Hhutrates b séatioaal MOR of thee

~source inlets 1006, and the source outlets 1004 )
proxirgiéy beadod §O0red dheymgaigeus G0 farmedyby<he propfmaity é??él 100, in
accordd GO ®1th ond léﬁﬁ)oﬁﬁnén? of ﬁféngnq%leﬁt in%rftl%hl! Fhe gpcﬁrﬂnﬂg head VRSP

opening, etc. In one enbodi ment, the sodrce ihlets

includ¢OfR Zing d ml@f e pastetcheatitrycialecul 104t svolfeh dfamdtiple IPA inlets
circul ar openi nfgs. [92] Figure 1l A illustrates an
1102 adetpb ang aprpatmelivleenauunt gutlets h10% cBhaerions Wiet 1ofe 1104,
| [ P M = -
1106 SERGRIYIbS e LERRSERAL BP0 B B b1 mtcotosy

sensorlth@Qadnrdalube thepiogesss of the Fatiratiet plogedsiveingrapplied by the
head 1100, in accordance with one enbodi nent of -t he

processingdiend 110Rehhe eansoroa rae,epheal prépatit d3igeiomienseies 23 to
et 0858l UL B 08 ST B Bl g B,

[93] g%bgl,rjnletfifgllﬂs,el Y%Ccua%rpnagéé a? I‘dsry’;l'(:!'e%(ér'al ;reréleonvlal%.b%vlilseré Hlle%ltq%id
meniscus is removed so that the sensor 1120 has no intervening processing chemistry from
the meniscus 1150 between the sensor and the surface of the wafer 1030. Rotating the wafer
1030 and scanning the proximity head 1100, and therefore the sensor 1120, across the wafer

1030 can provide an in-situ scan of the entire surface of the wafer, as the proximity head

processes the wafer. The sensor 1120 can also provide real time feedback of the etch



1106 and outlets 1108 are arranged around a sensor
1120. The sensor 1120 is a netrol ogy sensor that can
weraboaide’ t he progress of the fabrication procRPSEURBIHIGH3909
appl i ed by the processing head 1100. The sensor can be
an optical end-point detectzlon sensor so as to enable
t he above-descri bed endpoi nt detection systens and
proce.s’fﬁE tﬁﬂ@ﬂﬁlrfg(ih@ Roal BB fed Dadk thhecomBB] Satesn thhbEbnE@I thd6lcH Peocess
dry" cCentral region 1152 where the |iquid nmeniscus
will prosndeemdwﬂ entrohmoptof gheswteisprocess 2 @ha gloserblopp eentiad ff Hig etch

o B SESEEAR: SHS i AR LM e
Any OSE% %ft fe OB BrABeL weanBs B Bl QKnBlubihgheadpdsliiéh,

efore the sensor 1120, across the mafer 1030
concentaatiqusoresidentaime,flsy tatess plassuaﬁs theanistyy prdeothen fraeass yariables. In

the wafer, as the proxi ocesses the waf
this g B et IO OO LS I HOVIAE RBp e B aE i allows
ever hdl€ cSﬁféﬂ%&ﬁ%%&l cHRFRMEHEH th)etu@@d KAAth fnl (0 8RR ﬁ%rb&sé‘ﬁme of
control systemthat controls the etch process wl
the wyfent dmirnmihosed control | oop of the etch pr ocess. The
cl osed | oop control of the etch process can allow the
[94] COME ikitn$HAleimd Coritfdl 6f e tprocekycandilsssdnablee vatialble process to be

process in real tinme. Any of the nmultiple etch process
apphedaﬁ itebsuetace ahthsevafer wek adito gestecidion g nRea@ifpBaIt dusing the

e

thinnd¥ @& iR ra@ﬁ*sﬁ@gﬁ)h‘lﬁ@%w@i@ﬂl@fm andSa tAfcR¥i fileglin AsedOiicregion. The
preci se process control allows ever nore concentrated

etch pegasks wehipeican be dgnamichldy @{h@%ﬂed (ﬂkﬁ {fﬁch ehemistry ¢aagetedionne
Ccess

remdegﬁe gﬁnFuett :)Z(grl tﬁ fi%&g@ﬁim 61}110 s§ AR tﬂs ng(g(?el%‘&s&g%%d L] O §eans across

the wﬁ@@hbﬁ) m/@fésapl e RORGRFSm Al ehidiaikd h Becdyﬁlbﬂhdilly tagected in-
he wafer such as to correct for a non- uniformty

situ asduh:: |em@ prh@smscawbsd tlgthefwatfehel 0RR therebyBybiantiably eé;mmtmé the
dﬁo &}e‘prfg hfe Sensor. cag detect a thinner
nee F Ffiﬂr?‘f?sﬁng SYAFPEH) Cé’ﬁreStf Of AURFUMYE30 and a t hi cker

Imin a second region. The etc 0CesS r.eci e can

[95] bén ey Ak AN Gbrgimehle the dey 5eg10ne1t1éﬁr1% H%%F@w y way of
examé:llg1 JeﬁﬁéroﬂQO 65 LGOS filh WRe %éég%oﬁlg‘lﬂgaoltag& of ﬁh\%ﬁt(@g the

ness as e proximty cans ‘acro
menisthel V) etichlis3iBe pAstess chemidtiy, beirtpeapplind uniht cunrfackidf the wafer 1030.
t hi ckness can be dynamically corrected insitu as the
[96] CFEdhrPi 2SESHs A YaPRRhdREiALs sl YE(Gh a3 8aricB&ididhe embodiment
substantially elimnating the need for reprocessi n%
of thetph@emam@cnuml clrerwafer processiog sysiend2A0 supports posifer 1953Qpetween

6B Sy R LR BSSE K 591880 Rl

proxnﬁﬁ?%h'ﬁ@l@d ek PeCIR@8S of the Qe 1930 2%8MinRftu kérdbd 1202 can be
.g., the neniscus 1150) such as the process

mounwki&m the aym Bl 4y, ayphaled theoprokinityuhdad d&20 br ednebeigpuntted on a
separaltg gl%vable arm 1204 that can move independent of the movable arm 1214A that
supports the proximity head 1020. As a result, the sensor 1202 can scan and measure
corresponding locations near the process being applied to the wafer 1030 by the proximity
head 1020. Alternatively, the sensor 1202 can measure corresponding locations near the

process being applied to the wafer 1130 by the proximity head 1120 and can independently



[96] Figure 12 shows a wafer processing system 1200 in
accordance with one enbodi nent of the present
wWOo pwsentdden. The waf er processing system 1200 sPEPUS£1084/@43909
waf er 1030 between nultiple edge rollers 1212A -
1212C. A novabl e arm 1214A Rupports and noves a
proximty head 1020 over the surface of the wafer
scan 1d88ns AN tHeusthidlofSBE Kafer bebktartiany bignRHEBRT Rnhé p@xanity head
1214A, external of the proximty head 1020 or can be
appliesmpnocess wrthewaégsar at e novabl e arm 1204 that can nove
i ndependent of the novable arm 1214A that supports the
[97] PFiptidTi3 3 HRaochbo2dT. anAftemati esmethpd bperasenmsiB00F20@rovaing a
scan and measure correspondi ng IocatL&g; near the

substaptialplarar upTbyrdepmoTean e’ tipacepafare 1eRPngFrybediment of the
preserg rir(l)\?(ezlnm)rt).yhpz%a%e}ggo%' 13@;5;5{1(;}%@1'3%{&' 2hd/dk Iﬂgn-ﬁﬁﬁéﬂﬁ whfedZsuch as

an ‘freasure correspon I ons near the process
showrPRIFigueAPdboRE it feckived f@f@ocetsing hyart dptiopalamperatioy 16¢a,th
1120 and can i ndependentlyscan | ocations an _the

substastipiiyplenars addidonedayer 30benetadded §s dgseriftaddn&égrae ¢ ahgve. In
t he. proxi pli :
vy F T DR B R of AP hsbSp R pe gre
burde® REEAt TIRN@mbE(R: badrbiprder bekitiog can Bichsleamtliiple lpdadaad even global
over burden portion 112', in accordance wth

one
non-usiftyseragians. &fs depaihsdabern, bpinlesal aah slobal npR-yikrmitics san be
05, a nan-pl apara on- uni f f

caused BY pipe e f 808 "IROCKY m AR SRR Sh be 3460 - force

CMP bperdiforP§t 450D dnp P eieAbhs? PosklOshearifig Bstarin tht uiydglyamslayers
addi tional |ayer 202 can be added as described in

formegioguhesubstibleve. I n operation 1315, a CVP pl anari zati on
operation is perfornmed to renove a bul k of the over

[98] biir asieopdratyar 1325hehermanttpleinog-uniferthuegiens quothe wafercammapped.

R TN T T —
- - .i e H ., .
e U B RS SR o) RGO E i o

can bedpuppdddrycan <N copentaensmn ssch @slesaibiedpacd-owined hshsi-pending U.S.
possi bl e shearing forces on. the underlyina_layers
|

patentiappheaiionn: ARN 19(% 12 entitied s Pysiemalietigd an ppasagisfor Thin-
. It i ~ UNi-f. i 1O
Film S S Qe O D b £ 002, and
APN 1ob&05 f)fentiflge Edfancahen bd BidysEmsart BaactiMeeturedentdfapabilities,”
y sensor

_ usi ng the various netrol o s. By of . exanpl e .
filed anr Se DR 351 AR (TR e S8 b A BRF ST D Rifox-situ

S [ 0 € adj
mhe gL EHED A APRC R i LSRRGS onPaRp e
co-pendiyg UeSnpabéeit Beislication AQBRAL 94 @nfided TWeenIntérifdoen {GuQeantHyimg
Si gnal Separation USI_I’]? Eddy Current”, filed on _
WaferomMiormiies 206 Sraplierampkas Sisiiemnte. sHpih G filed on
" En n?&??nt of Eddy Current Based Measurenent.
i

December ; "
pabr i'es,

[99] In an operation 1330, a recipe for correcting the mapped non-uniformities can be
automatically developed. Developing the recipe can include quantifying each of the mapped
non-uniformities. By way of example a thickness and a location of each of the non-
uniformities can be accurately calculated. Once the non-uniformities are quantified, then

appropriate process chemistry (e.g., a mixture of sulfuric acid and hydrogen peroxide)



filed on Septenber 25, 2002. The non-uniformties can
be mapped either in-situ or ex-situ. The
woensamfiprnm ti es can al so be mapped and di spl BYBEUSHOQ0M3909
as described in co-owned and co-pending U S. patent
application 10/331, 194, entBtled "User Interface for
Quantifying Wafer Non-Uniformties and Graphically
concerBioR! @mSafi billcf pRYeSss varhbleforprockiditbpndpreaatignidadeniscus
2002. ' [99] In an operation 1330, a recipe for
can bealetarmdinddng t he mapped non-unifornities can be
automatical ly devel oped. Devel oping the recipe can
[100] | RcdnusiRrAOANBEE Y dghaede Hquill mdnéscomproeekses the wafer, such as
non-uni formties. By way of exanple a thickness a %fﬁm

describesiatigieni0ad2rrbeye-t he hoATH HoHmenissuLe qieh eac
ccur at. cal . : = Ll 1 4

mapp Rk R O B sl oy B M0 porRpn LS o
showndinHiire B&bete. SThd whie€ cachefusthet dwglibagesmove the remaining,

peroxi de)concentration, time and other_process
substapealiyawt Esmi Qyerrdanerostion Ly ag dererlagd & Figesi &jasq?é(ﬁ-i scus

can be determned. [100] In an operation 1335, a
[101] dixrfaedback imgpnitdringsigsd sn plso be vsadsotdysamighidy mosijethangsontrol

oo s SR T o O Soeh SR R, P e
dynanfli€ g&ﬁﬁ'ﬂléﬂi‘ﬁg\%\m Hﬁ?ﬁ%@t{:‘%pggﬂragﬁé : B O LSRR Db e BiapRit boNwafer

as s above. The wafer can be
procesingtsigsiemelidOR énl a¢cordamoo withtone embndinrenh gf the phesertrinyentiop. The

TR R T
VariouP ?)q B el Qn(gé(ég)g@ﬂs i?)fmeyprg&@éets Qpp1dacto GRMERE 140b Y PAFDE

nmeni sc a sensor such as sensor 1120 or_
dynami@ Q3uidsmémeiuseteldt 10A, 14ABR] yBrawny of éxpmie, femiesipgsietermines
support apparatus. Figure 14 sho a bl ock di,agram of .
flowrafesia o ol AgrBgRI RIS h TS PIB AR U Bifc oy geadon
A i Nt 41 6 G In@Nired¥6h SMSHRBE rotation of the
of the ?2;2 3%82@%‘1 @%Irl]l%g%ﬁf{e@%%lw that | ncIﬂSdes a reci pero aHen
wafer 1408} .if fhoevafeds patatkd.08emsorst IMADA, 1420B/mohiversandzvalwetedhe

processis EPBHRA O G KAHARICE i ER A e g dus s AT R OB
one ex%%{({ﬁﬂ%?_}o {heesgﬁﬁrsgé B420A194568 hﬁﬁél%@fcﬁrfgéd?)?@k fol tRVESTtRHePT 402.

A" an A vapdr and pressures of the vacuum and
The cédt@llpt &4025&n theadymamiailytohalifyythardcipel in gespdnsen tiscigedmck from

1410A, 1410B and the direction and rate of _rotat.ion of ., .
one orpereygs s seps, The suersddeeh. 1420pen e dnoligsdfiin the proximity

Ltor. ~ t At —
e 200 OB R0 RS BB S B
FiguredEniassidsas dubl0AAlt&bORely) the stisomridddANBR0B danebe external to the

_sensors 1420A, 1420B can provi de feedback t e . .
proxiraigt heash e SupRozt hrRnare HBidsiscuses HOAy m%wtﬁ“ as described in

Figureggi;%{ygg?l'[#l? Sérﬁ%g.fsf MZbﬁ,e 14858 a4 A9 BERRA '&?‘ﬁla{) thel f¥h-uniformities

as described in operation 1325 above.

[102] In one embodiment, a system and method to improve planarization and non-
uniformity an optimization scheme can be employed that correlates a spatial thickness
variation in an incoming substrate with the previously determined removal rate profile of a
subsequent manufacturing process (e.g., a dynamic liquid meniscus etch process). A control

signal can be sent to the dynamic liquid meniscus etch process that can then perform a



one or nore of the sensors. The sensors 1420A, 1420B
can be included within the proximty heads that
WG appoTd34t he dynam c |iquid nmeniscuses 1410A, RAWOR004/043909

such as described in Figures 11 A and 11 B above.

Al ternatively, the sensors2#420A, 1420B can be

external to the proximty heads that support the
specifYER@hibcdsk W ESH PR HehidRRSs +4dditn. FdhB18s dRowehdest the

Figure 12 above. The sensors 1420A, 1420B can _al so be
methodsperationnb 0 dfe faehfarwafdaptimizassnaggokss dp peregdange with one

eratjion 1325 aboye. [102] In o nbodi nent, a.
embod jEn it BRBTRGTABA B PGPS PioRaP Do) SPECafeCeived: Inan
operaﬁlﬁ‘ﬂfﬁl'Of RbdUniporafty BRI ZAE ARt iRem@ARed CTRIRS AMERrmity

that correlates a spatial thickness variation in an

profilé oftthersulzstratetrsih batdetewninkd by enappimgiachiskyesd ef grerduhgtgate to identify
renmoval rate profile of a subsequent nuf act urin
any thiARDESSEIEROTY. ATy ST DPET o et Tl fthot oS can be
used tP ek thd GLITOImi) 4B8le S QBsERB! ThO tHikleSy MAHBNS can
i qui d neni scus etch process that can then perform
be cawasp by hdn-ondomiitiey incasevides pocese(e.gt A€M procasss hat left an uneven

variation. Fjgure 15 s a flowchart of. t.h t.hod .
over e o GBS Fhe Bt BAERRD b DB ocaton
(ie., FEQREDH % dnd PERPEARDSEa Wdidl £AGnSIRRE GHHER Bipe @ 18da€on identifier)

present 1 nvention. In an operation 1505, 'a substrate
and theshickoss vethe non-vaifoopiey.at i on 1510, nonuniformty

profile of the substrate is determned. The
[103] NAMBH- R dHity pR6RIE inhRlePdf thé revidas pidbss dnldoebe determined. The

determ ned by nmapping a thickness of the substrate to
non-upidemmityf yrofiteymeodsl ok thepsewieusi ie¢eshean b staligticalanalysis (e.g., an

ppLnN rocess,. whether. i n-situ -S| :
averagfg BhUEGBa i PERLS AP P B sk o e devions
processU0Hemdh amifbRRity ProEHN@S8el\can batidds peaticthike pafsratinbyof the
non-uni formties in a previous process (e.g., a CWwW
previqus @e®®s) t hat | eft an uneven | ayer on the surface of
the substrate. The non-uniformty profile includes
[104] b@ii fn epdratat 15113, 4 tendoval ateGavfikshadelof drdupseroentdirocsecan be
or a radius and angle or other type of |ocation . .
determigecht Afrpmpyalgaig profale rradekeacke dsteriinsd faingh PAEHIAGR) analysis of
multiIglg‘gﬁJceéeQ8Ps'dﬁ?l!r£t8{)ﬂc§y§1%é)§dblsﬁqu c&. N}ﬁ?ﬁﬁ?eﬂ&%'ﬁqat both
process can al So be er m ned. e non-uniformty
precedis @hil f6llowaiak saisetjinat proevys @us pvidee &s examplegamaverage removal
statistical analysis apn_average) o

. 0., f th
rate foy@Actuph seypta loyatmr@mﬂgs%facmf the ﬁp@t@&)osﬁx gﬁ%gf BHTHUE 2
oy PGS QA P e PR pref o e

multiflé S¥bstees RaPBEfRppddlidddre nd aflerahe dptanto ligbitlimerdscus etch process
renmoval rate profile nodel of the subsequent process,
and a geapovsb rafe peofite medel can therghydie detgrmingdofline &g ratg RFPffe model

. det ' th i Stei VS i pl
oo 08! AL LA LT PR B ke e
substf@fe0cess. A neasurenent that both

[105] The removal rate profile model can also include a range of one or more parameters
and the corresponding effects on the removal rate profile model. By way of example, a
specific etchant chemistry concentration can result in a less or greater etch rate. The

concentration and process time can thereby be correlated.



precedes and foll ows the subsequent process can
provi de, for exanple, an average renoval rate for each
wo@Roosewsial | ocati ons on the surface of the subGI/DS1084/043909
By way of exanple, a dynamc |iquid nmeniscus etch
process can be applied to 26ltiple substrates. Each of
the nmultiple substrates can be mapped before and after
[106] tﬂlea ddpﬂéf’dﬁ‘oﬁ 1|SQ@|,Uch9nGﬁﬁh§&Hﬁtﬁr§f‘lve@lﬁﬁ%@m%tﬂs@sfrﬁﬁ@y@impared
' e nodel can thereby be determ ned. The
to the rammzsahfataf proéilepmodiél lof thecibseqoent pirorsks darsous pacaragjers (e.g., time,
repoval rate for of several |ocations
process GPFTRERY.GICHHE SEHEY q}ﬁ WOSQUPBHIPTIFESS g ﬁ%%e?%ﬁdQO produce an
optlrm%@fe' né)% tJRG&¢C é@l‘i"é"ncﬁl! &ﬁfdrﬁ‘jﬁg hB?&fll@ of ﬁl@%‘ce?\fed%ﬁﬁstﬁﬁe mor e
ters and the corresponding effects on the
Alterna&mhy,ahe nat-eniforafityl peofilededdel 8fthagyeceding propessegangde compared to
specific etchant chemi stry concentyati.on n result
the rergby A 64 BRoTs BLE SIRRAREH BIEEThRU: L GEARH B . I on
A f %@ﬁle@ 158% é& 1t pPOcRss tt
o B ) KRl P e by B ave nput o
the sub@qmm@fbcsssbst rate is conpared to the r em)val r at e
profile nodel of the subsequent process. Various
[107] pﬁf a’#@e@e&%n (1830, the blb¥BqueRt HOESS r&M6vEsShe Yon-Piii€salityedrom the
of the subsequent process are then selected to
substrme @m]r:tbafathe elplfaqui gt substiate By wewof examplpdn a dynamic liquid

menisi e prarary BB ot diet o b E e Pont BRI Rpon

uniforBli€§%aA be geﬂ%\ﬁbﬁeb?&hé? ayhaBfc GeNEMEEscuOetch prdcesgisdtavieatimiform
profile of the Subsequent process to produce the

coppeolayénilz en operaligre 1535, therrempwing joppenlsys can he rap@edleaving a

e opti.m zed reci pe for the subsequent process
substaapglxﬂ R T e AR Ga e whiBaB T oo P o
eratlon 1530, the subsequent process renpves th
[108] nBrwill e fithar ppreeigtedithat taqmsirictioas Eqpmeletﬁ‘ggy tﬂl‘FeOPeratlonS In any
of the égtg\fe%@ ‘?sf aré Hgt I’Erg&f'édr t%tbg é)e ﬁm‘f@iym%e &ﬁ@mlu?trat c'P add that all the
ni scus et process and a substrate

procesishl%treﬁra@n&dﬁ@rthel BpératicAsanpest be ayedssary kepmaciinerthé arvention.
can be renoved by the dynam c |iquid nenlscus etch
Furthesy the prpsesses dessibeckin iy b9 @eb%fégufle%t%%a 5q by igpplemented in

erati.o j : :
softwq,rg F&?{}Cg jn Qn%\gﬁen af ‘é\&?{'}@?@ Elé gﬁlﬁ Whthe%@g ﬁﬁlﬁ] %r% r%lSk drive of
a compttef RGRicesprbdees s Wostslalsem[(d @&]a ﬂrbcem tdntok systarhyaer
appreci ated that the instructions represented by the

[109] oﬁ%éﬁéhotﬂé fdr@gﬁﬂ% nﬁlfenttl(gheha%tb%? dédcHHEES SBhR deedil for purposjes of

requi red rfornmed 1n the order illustrated
clantyt dfamdedsﬂanmlng, ip mkt be spprgent ¢t et elkriggs artdernoélélpamrxs mgay be

not be nece ractice the i.nvention
practiqegyYHgR the WEDGPone SbRes el e caeooRTaelh BF PLEn sppgiments
are to bk %‘ﬁs?cfér&ﬂ% ih§ifat ngg@ ahdRHEERALSGRE, ik ﬁl‘éfntl\)’%ﬁﬁn $¢ 9t @6lbé Nmited to
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What is claimed is:



a conputer or mcroprocessor control system(e.g., a
process control systen). [109] Although the foregoing
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purposes of clarity of understanding, it will be

apparent that certain chan@és and nodifications may be

practiced within the scope of the appended cl ai ns.

Accordi ngly, the present i.ments are to be

considered as illustrativ not restrictive, and

the invention is not to be limted to the details

gi ven herein, but may be nodified within the scope and
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includes removing the bulk of the overburden portion in a low down force CMP operation.

4, The method of claim 1, wherein removing the bulk of the overburden portion

includes imparting a minimum lateral stress to the substrate.

5. The method of claim 1, further comprising, forming an additional layer on the

overburden portion, the additional layer being substantially planar.

6. The method of claim 5, wherein removing the bulk of the overburden portion

includes substantially entirely removing the additional layer.

7. The method of claim 5, wherein additional layer and the overburden portion have a

substantially 1:1 etch selectivity.



i ncl udes substantially entirely renoving the
additional layer. 7. The nethod of claimb5, wherein
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process recipe includes: nonitoring the dynamc liquid
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non-uniformity profile for the substrate.

15.  The method of claim 14, wherein determining a non-uniformity profile for the

substrate includes determining a non-uniformity profile model of the bulk removal process.

16.  The method of claim 15, further comprising optimizing a bulk removal process used
to remove the bulk of the overburden portion to substantially eliminate a production of a
non-uniformity described by the non-uniformity profile model during the bulk removal

process for a subsequently received patterned semiconductor substrate.



18. The nethod of claim 17, wherein the subsequent
process can include at |east one of a group of
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process. 19. The nethod of 28l ai m 1, wherein the
conductive interconnect material includes copper. 20.
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22. A semiconductor device formed by a method 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;

removing a bulk of the overburden portion, a remaining portion of the overburden
portion having a non-uniformity;

mapping the non-uniformity;

developing a dynamic liquid meniscus etch process recipe to correct the non-
uniformity; and

applying a dynamic liquid meniscus etch process using the dynamic liquid meniscus
etch process recipe to correct the non-uniformity of the remaining portion of the overburden

portion.



mappi ng the non-unifornmty; devel oping a dynamc
l'i quid neniscus etch process recipe to correct the
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etch process using the dynamic |iquid neniscus etch
process recipe to correct2% he non-uniformty to of the
remai ni ng portion of the overburden portion. 24. The
met hod of claim 23, wherein applying the dynamc
liquid me iiscus etch process using the dynam c |iquid
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formed substantially planar; and

etching the additional layer and at least part of the overburden portion to remove a
bulk of the overburden portion, the additional layer being substantially en tirely removed, a
remaining portion of the overburden portion having a non-uniformity;

mapping the non-uniformity;

developing a dynamic liquid meniscus etch process recipe to correct the non-
uniformity; and

applying a dynamic liquid meniscus etch process using the dynamic liquid meniscus
etch process recipe to correct the non-uniformity to of the remaining portion of the

overburden portion.

24.  The method of claim 23, wherein applying the dynamic liquid memiscus etch process
using the dynamic liquid meniscus etch process recipe includes:
monitoring the dynamic liquid meniscus etch process; and

providing feedback to a dynamic liquid meniscus etch process controller.

25.  The method of claim 24, wherein monitoring the dynamic liquid rmeniscus etch
process includes scanning a surface of the substrate with a metrology sensor, the metrology

sensor being included within the dynamic liquid meniscus.



