WD 2005/ 076349 PCT/ US2004/ 043912 1 SYSTEM AND METHOD FOR STRESS FREE
CONDUCTOR REMOVAL By Inventors: Andrew D. Bailey Il and Shrikant P
Lohokare BACKGROUND Or THE INVENTION 1. Field of the Invention [0001] The
present invembh@Rmralates generally to dual damascene semiGancuGER2

manuf acturi ng processes, and nore particularly, to nethods and systens for
pl anarizing features and layers in a sem conductor nmanufacturing process.
2. Description of the Related Art [0002] Single and dual damascene

manuf acturin i : i i

manut act ur i ng> YR BV ELMESFADTOR STRESS FREE CRPECIUR
conductive materials are deposited REM@ViAdusl y patterned trenches and
vias forned in a semnm conductor substrate or filns formed on the

sem conductor substrate to formthe desired electrical circuit

i nterconnects. An excess or over bur ddnyskesion of the conductive nateri al
is often forned, The overburden portion of the conductive material is
unnecessary and undesirabl e and nost be renoved both to produce a
damascene feature and to fudw dhe BailpllHrad Shisanf Rdehblare subsequent
processi ng. [0003] The overburden portion of the conductive material is
typically renoved fromthe sem conductor substrate through chem ca
mechani cal polishing (CMP) and el ectro-chenical polishing (ECP) (e.g.

et chi ng) processes and co OEBRIINY ocesses. Each of

t hese progesses. slani fi.cant shortfalls. By way of exanple, ECP
typically?has E&pgﬁéﬁ%ggk&h&?OM/throughput, poor uniformty and inability
t o ef f ect {0061 yTlicepreseet inoemtioo nduet geuealiptoeiinlalamasde0Ohlic@RCipEqUI T €S

physi cal con%aqt: rocesses ich tﬁEHQFI{y ngée ﬁonpuctjy aﬁgﬁkgyes, or
cause cor PARHBHAWHHE RRESFAr PG T HRF B IS o Breds i pYs SR AT M r enoval |
and the i nalidsiahd 1dv8rs 18 Mkdr@bdidupbanatirZzeuringtpescegnnect and interl evel
dielectric (ILD) top surface. CMP can al so cause stress related damage

(e.qg., interlayer delam nation, peeling) to remaining interconnect and I LD
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2, Description of the Related Art

[0002] Single and dual damascene manufacturing processes are becoming more common in

semiconductor manufacturing. In a typical damascene manufacturing process, One or more
conductive materials are deposited in previously pattemned trenches and vias formed in a
semiconductor substrate or films formed on the semiconductor substrate to form 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
undesirable and must be removed both to produce a damascene feature and to provide a planar
surface for subsequent processing.

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

mat eri al s. Reducing the physical force of the CMP process to reduce the
physi cal strweso@anseften result in unacceptably | ow t hreogiyeudsoisat es and
ot her poor process performance paraneters. CMP can al so cause excessive
erosion of ILD typically varying with $eature di nensions and density.

[ 0005] In view of the foregoing, there is a need for an inproved

pl anari zi nguayst eThaOMPratdddies damg'cflohmﬂhm eanachrlsamls‘tt}ahé v} byorrigrmeager

over burden terial while nim zin sji cal ress to i ni.ng
features, *HEPPRGCRESTH A ?P’?i%ﬁ"%&?@f%%”&%ﬁl t}?félHClE%g’ﬁlpgysﬂ)‘? etcgbl e for
use in Se%eﬁ@mé@ﬁs At aE BRG] ands sheakd rdel: anphicphble I&»@llﬂb@ﬁ@ﬁtses
such as a damascene process or other sem conductor manufacturing

pr ocesses TISUMUARIET QPO PHECSNYEIRIPRORE POODETS Hr A dry 216p euRe RtFesst e 5@<Ent
i nvention D‘:]bné/;ﬁcﬁ gﬁc iRGEI S e@FIHé/ s 0O Plnkifpr oved  system and net hod for

form ng a sencon In a amascene structure. It should be

appr eci at ¢eDOSht vztah@f meé@egmng heeis inomec@nathienjiropEdeiventiads $ystenumdmentisodnay s,
i ncl udi ng, as S aratu onput er. ia,
or o dev &8 BBl RS R R BEB i L ST b P e FRCER TG, o
descri bed tkakevinil000dks. AR iepheed prRAdrzRIzavitea sn@ mvtbl ebuldbe fubnbie fg a

sem conductor in a dual damascene structure _including receivin

a
pat t er ned Y&eRisEBIANCIHY menystarEandrhenls anfRbiReRie {0k O%eﬁfﬁ’é -] a%ﬁlﬁﬁcﬂlf a

first condugtis\s othlt RHEQABRSS: MBlelch@hg bidctds@g nul tiple features in the
pattern. The first conductive interconnect mat eri al having an overburden

portion. The over burden porﬁmmlARY AHET TIPNe over burden portion is

substantially entirely renpoved in the planari zi roce \ mask | ayer is
reduced aH¥0 é 1 Bl gngting ?‘%P%?WPE’W%@FHS E@SFB?%HEBWVE%%IW&WQ over

burden poggstaandnEBsKsok %I&Q{grﬁ%én%nm%wQa@aqla%ﬁsc@ﬁeedu%@ﬁ)ra gt §dyRMhe One or
more features are forned in the subsequent dielectric |ayer and the

features appeedijted ddt e plgseat Waewivd cat bhdudenapéed innemewHhwaYs, patidiigar 2 [ 0008]
P i W d ,
anari zi E%Fanar | ‘iéﬁlr;{m%yh%?Qerﬁoéogﬂﬁgge?e%@aﬁw&kaiqem% de O %’é@@l al RRERIVEVP

process. g t’he over n portion can ncl a stress-free
pl anar i zatmbrdipews ebthe pfefHO Blveilive amtadkcmlay!@elowncl udes two or nore mask

| ayers. Rﬁﬁ\uﬁ @8 t heO mask | ayer car]ﬁi gclctu reémwl?r}g‘fl% éa@ Lda Rortion of
on of the © WBPREY RM VTR P RS AUPHY " AETRES {8y O Yide
removi ng atuchpagicluang rekividye patermed sdmitehdiBsKsubayes. S'I‘he@“enﬁcﬁ;ﬁ&ﬁct@mebmfatet he
two or nore, mask layers can include a conductive nmaterial.

having a first conductive interconnect material filling multipie features in the pattern. The first

conductive interconnect material having an overburden portion. The over burden portion is

planarized. The over burden portion is substantially entirely removed in the planarizing

process. A mask layer is reduced and a subsequent dielectric layer is formed on the planatized

over burden portion. A mask is formed on the subsequent dielectric layer. One or more

features are formed in the subsequent dielectric layer and the features are filled with a second

conductive interconnect material.

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

Planarizing the over burden portion can include a stress-free planarization process.

[0009] The mask [ayer includes two or more mask layers. Reducing the mask layer can include

removing at least a portion of on of the two or more mask Jayers. Reducing the mask layer can

include removing at least one of the two or more mask layers. At least one of the two or more

mask layers can include a conductive material.



WO 2005/ 076349 PCT/ US2004/ 043912 3 [0010] Reducing the mask | ayer can

i ncl ude renoving the mask | ayer. Reducing the nask |ayer can include
renoving a portion of the first conductive fill material substantially

| evel with woresaraing portion of the mask | ayer. Reduckamushenmsk | ayer
can include etching the mask |ayer. [0011] Form ng the subsequent
dielectric layer on the planarized over3 burden portion can include
appl yi ng one or nore subsequent dielectric |ayers. The subsequent

di el ect ri ¢o0layB8edicarg the matkider aarl rkule gineleg thel reasiadyer. | Rdducin@@ie. :23skFor mi ng

t he subsequent dielectric |ayer. on.the planarized over _burden rti.on,can
e ode el S b G e bertiene b SR ediRu e Sap S D RE e g e
subsequent, ;gh8hiee bbiien b8 mask Bhel Felud: thd gt hyd:Ren cn@deRh@paidhaski n the

subsequent dielectric layer, form ng second dielectric |ayer over the
subsequentaygi-el ectric |ayer, and planarizing the second dielectric |ayer.

The secon hekectrig .l ; t I8l r 2Lh &l The
second di g?‘ﬂéf%@%hﬁgéa@gﬁ %géuﬁﬁgde]eigagg}ai- %3-1%§1%15¥%@628%§8%ﬁ§ﬁ %%nel ectric
| ayer can ilpdude apgyink otk el reckesilsequenediplattiic 108 13he sbetanert deaidstieh laeacan
provi des a Eet hg‘i(’j g_odriel; grm’ ng.4 sem conductor in a dual damascene
structure'f€ l{fjlelf} g Teder ViR A patterned sem conductor substrate. The

pat t er ned [o(aeNFeeGIGE Glibss4ilRst didt@rihRyémyg tee FlinagikeCordbaitey poiiod emconnect
material fillli n? multiple features in the pattern The fi rs$, conductive

i nt er conn&¥ivdrRlEr s havihier e %@l@%ﬁwﬁénP%aﬁfw%‘ﬁheﬂ#&eqm R
portion i g;Phand {uéfdyind BeoRYRRaRYEARR sRREfLANNIRIISHDRI AN satdy entirely
renmoved in the planarizing process. A mask layer is renoved, A subsequent

di el ect ri dicleayiedayesove Grermpbiscavent fislepirianayer. retiplanssiringihieaopbdielegHS laxeask
is formed-on t _ el G gawe; f W8Sl e
formed i nTﬁ ﬁséecsudb%gg%g%?&%{(’élﬂgg% Sﬁ%{ﬁzlgyyﬁﬁ%ﬁ{jmﬁ%gbﬁgmgg Oﬁgrd g%f ecaf%ylfr es are
filled wi tdnl® spocodglasndibe tihseqient diclcdrinket: cambes ict-k dRégroid meetiie mask

| ayer cap.J.nclude etching the mask | : %001%1 Anot per enmbaodi jrent
pr ovi des. HOREE At Sy Sop R hg o HTea e B ATE (G T %7 B S gahaabene
st ruct ur edafiftedisiactf:RGRIVdifDrcdei Pak b PhRSLLISEI cOMNRUG kOFst:ab Ihe phieencthe
patterned sem conductor substrate having a first con;jugt ive interconnect
material  PORFONEYCIALAUDR Bt PE AfiEconfy v B tgignnet saterRel Hing U ILRIR FFEE v e
I nt er connggl, gﬁ&iﬁ{ iBle tRahRLAR QVEERHES RPN Ty QR -an FREHuRME holpdh dERe
portion is p? nar i zegg where the over burden portion is substantially
entirely oveimoneripertion feplgslasirel iThic wyerprisise periombeing kulispeiplly etikdduced and a
subs equen}em%'vg(k 1%%15 {)lgnzlrf%}/n%rpmcess. A mask layer is removed. A subsequent dielectric layer is
formed on the planarized over burden portion. A mask is formed on the subsequent dielectric
layer. One or more features are formed in the subsequent dielectric layer and the one or moze
features are filled with a second conductive interconnect material. Removing the mask layer
can include etching the mask layer.
[0014] Another embodiment provides a method for forming a semiconductor in a dual
damascene structure including receiving a patterned semiconductor substrate. The patterned
semiconductor substrate having a first conductive interconmect material filling multiple features
in the pattern. The first conductive interconnect material having an overburden portion. The
over burden portion is planarized whete the over burden portion is substantially entirely
removed in the planarizing process. A mask layer is reduced and a subsequent dielectric layer
is formed on the planarized over burden portion. Forming the subsequent diclectric layer can

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

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



is formed on the planarized over burden portion. Form ng the subsequent
dielectric layer can include identifying a non-planarity in the subsequent
dielectric layer, form ng second dielectric |ayer over the subsequent

di el ectric |'&penysoarsap pl anari zing the second diel ectric payes2oAdsmask WO 20
0 5/0 76349 PCT/ UJS2004/043912 4 is formed on the subsequent dielectric

| ayer. One or nore features are forned 4n the subsequent dielectric |ayer.
The one or nore features are filled with a second conductive interconnect
mat eri al . iPﬁamadbmimgmmhemaewehdﬁdkgheéhmmcnbawemMmaamﬂhnhmweﬂetching t he

second dielectr The resent ..V nt'on rqvi des

avant age “Grist SskBSTavh T omaDrttrare tHLRE: SopP AP TGR Fur ¢ her

t he over alihtekomikti@atofiall PRnEiShEHE tdconbdiaeksis Byelin ﬁz&iﬂ&tﬁ%@thbtg the second
substantial |y elrntnatrng non-lowk dielectric materials fromthe

di el ect ri d1LEHYT0016] Ot her aspects and advantages of the invention wll
become appgs@nirnt gt B edin 204i04 éhedﬁtarttg%%f ﬁﬁ@%&éd@émmw, bRk e

conjunction wth the acconpanying draw ngs strating by way of exanple

the pri ncinplsksppicatite Hurthenthie@rvr@raBRwEEc DESCRIe RTHON aCF c T HE 1‘@me NGS [0017]

ghe presentyd a%tﬂ%a;elgrﬂnz\t’tnng nog?o&f‘?{ac? 1ectric m%en Pgm tp%dl gtl !:IPW' ng detailed
escription onj unct Fon h the acconp an in amrn s and |ike

r ef er ence [606E Oailes aqne&n ginbidyahtiafsd of Ehteﬁmﬁmxﬁhﬂleieedsmm@awhtﬁﬁdzﬁ]t heHbGowiag 1
shows a pgtte(g d sem conduct or, substrate in a dual danascen ess in
accor danc &S HHEH TP ISR IRNHR ALY BICHP R &1h e SEHRMEAAYVIER A5 HPES; BY t§ﬁ“% Jure 2

shows an aﬂ&hﬁtmﬂﬂg haygas@qg@gwhnwaccordance w th one enbodi nent of the
present invention. FOOZO] Figure 3 shoms a substantrally pl anar over burden

portion in accordance w tB = R . invention. [0021]
Figure 4A t he substrate Vi n under a se ond etch focess in
accor dancé Gs‘tar%bforréseéwﬁ&et%ﬁrr rie@ﬁl& gnH%r'rrtPefﬁ 9ne df‘fétﬁ@é{z]‘% ‘Ieﬁpé‘ﬁ?e 4B
shows t hejSidaainb@dEwittite @gcdﬂnﬂeylgeatewﬁw@ 3hl 108 1 SR A rRFQCRSSnd]ilce
accordance with one embodi nent of the present invention. [0023] Figure 5 is

a fl owchapfucsialihanasist hod operations of performing a local planarization,

Inaccor gAgerhikn ABGs £ TRAM RO BhaLRE sREERE M 2 bl ARLERPhe process in

accordance with one embodiment of the present invention.

[0019] Figure 2 shows an additional layer added in accordance with one embodiment of the
present invention.

[6020] Figure 3 shows a substantially planar overburden portion in accordance with one
embodiment of the present invention.

[0021] Figure 4 A shows the substrate having undergone a second etching process in
accordance with one embodiment of the present invention.

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

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

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

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

embodiment of the present invention.



[ 0024] Fi gures 6A-6D show a sequence of chem cal conversion and etch-back
processes applied to a substrate to increase local uniformty, in
accordance with one enbodi nent of the present invention. [0025] Figure 7
is a flowhawo 20fs/0rdseo met hod operations of the chem cal ponvensiesyiand
etch- back processes applied to a substrate to increase local uniformty,

i n accordance with one enbodinent of the present invention. WO 2005/ 076349
PCT/ tJS2004/ 043912 5 [0026] Figure 8 is a flowhart of the nethod

oper at i on [602& dfigiee B ingllgheaglof memdtiidlopemiidi SSotBetindGlddeDanas;firifleomne
enbodi ment_of .the present invention. [0027) Figure 9 shows a substantially
removed, FCSHERICS SADSRE FBHOPUBRN S FIci B eRin% 8t dance  with one enbodi ment

of the preeemt riAveatid Jllggzlﬁilaufi-&wv@q,#gmwea L BWRRALS 0 int g aRLod
operations in accordance with one enbodinent of the present invention.
[0029] Fi gtifeonprrbsrisngst ohibe pisaneinedioand fill ed seni conductor substrate in

a dual dar . SN J=Torof w th one enbodi ment of th resent
vent | on EBos gl SRRt SRR ABMGE sl R B SRR S priirPiC
sem conducf Gr sesbstinatméon.n a dual danmascene process in accordance with one
enbodi ment, of - the present invention. [0031] Figure 11C shows the etched
sem cpndug?(%% L&?Hé‘{){]:ft “’lwﬁ.tlée %W%‘Peg%lﬁafg@gﬁ P’g@é?éslw“atﬁb‘b%ﬁi%ﬁ@é%ﬁ“teh one
ermbodi mentpraetsstih @cdai@BeNvith BYEREHoAMent Qiotgglnregdng!ifv@ntiléht) shows the

sem conductor substrate with the subsequent dielectric |ayer, in

accor dancé0%01 Riggrel o Mismatigned REcpreadnprizahsemitcofucifrouaapicr gdvd 11E
shous 1 Ne asRI-EANAYGLON RUDSILANS th Ind DEmIR 3K e BRENSACHES on Lop Of the
subsequent dielectric layer, 1 n accordance wth one embodi ment of the
present i (AT Fignie 110008%} tHeicgliedschiforghowssubfimtesiant dendiuctene puwbss imat e

with the featyures formed .in.the dielectric |ayer, in accordance with one
enbodi rrenfm%g &Pﬁeewﬁgggeeﬁ?bq%%‘gﬁ?ﬁ%ﬁ?H’f%ggfmi—olngure 11Gis a flowchart of

t he met ho0BpEFgtican® fhotvs tRremicogdictte suts ek RiifAgGhe aoedusitineeclid hysmaheri al
to the desi r’(_ej%gend, oi nt, in accordance with one enbodi mrent of the present

i nvent i on2°PBERE] VI G FCIDREK AT BE BRSPS VEREW det ai | ed views of the region

of the maghskpyeicang shh@s e G IduYe: MRLEHE Rith tleM¥ @A RFRLEAPSMHPRRlR Of
t he renoval to endpoi nt process.
subsequent dielectric layer, in accordance with one embodiment of the present invention.

[0034] Figure 11F shows the semiconductor substrate with the features formed in the dielectric
layer, in accordance with one embodiment of the present invention.

[0035] Figure 11G is a flowchart of the method operations for removing the remaining
conductive fill matezial to the desired endpoint, in accordance with one embodiment of the
present invention,

[0036] Figures 12A through 12D show detailed views of the region of the mask layer and the
conductive material, in various embodiments of the removal to endpoint process.

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

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

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

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

embodiment of the present invention.



[0037] Figure 13 is a flowhart of the nethod operations of applying the
subsequent dielectric |layer, in accordance with one enbodi nent of the
present invention. [0038) Figure 14A shows nmultiple dielectric |layers that
make up the woebwotaic | ayer, in accordance with one enbodismntesionz t he
present invention. [0039] Figure 14B shows a third dielectric |ayer on the
semni conductor substrate, in accordance 6w th one enbodi ment of the present
i nvention. [0040) Figure 14C shows a planarized third dielectric layer, in
accor dance w t hDENAILETODESCRIPTIIN OiFel HEISSHMALARN EMBODWBENI/ 076349
PCT/ 1JS2004/ 043912 6 DETAIL DES PTI ON OF THE EXEMPLARY

[ 00411 Se\,[g?‘gll SEXEARTERP N dﬁﬁ?{’tﬂofWIH%OYWT%’@%“%T}&WQ’WE R é’iysyr em and
met hod wi lijow BOWsQeede sGHiTRAppadnt W thbscRRiRH RAKE B tHaOtht PRSE SKieht@dnin t he
art that the present invention may be practiced wthout sone or all of the
specific d@tpa@~c1t1§0ds‘éﬂhff16|5@lﬁﬁ Wefr”é-’rfrﬁhe PovlofeaheceRbarfent of an inproved

pl anari zi oLl

i 1 or m S L B B e By

i nproved Iio@mpiapeluaaaaom gafdroty acrbfsorlngad yozgulmsf @mm@dnldyct@ﬂ substiatet dde| ocal
nonuni formties eat.ure r s in
deposi ti onB}OVg%gO%gﬁal}fﬁ%%/{ho r”ng%miglsugﬂ%mmﬁ?z 8%? d%gs @n@r@%@&?@b%@sw

pl anar i zatyyGBatks frorHaledl yin A0S Snd Nigiagdsiif ee;m;]imsﬁ pﬂiéﬁscﬁse fﬁglothaeeigbodimcnt
uniformty as conp aredtgcenter uni f rmt 881}:% urel 2’

pat t er ned PG IRatRESE @B’%%“t“‘aﬁ"émﬁ@@ ‘?lﬁmé E‘Eﬁ? e e & %atﬁ ocess | n

accor dancenwhidtonecfiphediiiemte afird:R@ypr esent invention. The substrate 100
has been atterned as part of the sem conductor manufacturing process such

as a dual [ Fegrie ! sihrarsuf zesteined srgnipmebasissubiraenkle g 4 du¢lapawans ogat ter n
the substr g o?da]hgg wnﬂ?;%c %xﬁx@g(ﬁaﬁ}@ﬁt%f gi%%es%ﬁ%%@ﬁ% arfe, 08 fatesf@@%‘ﬁ@%en' sol at ed

feature 16 sone isolated feature
104 and seue¢ratd aisqa;tuufeisa stB6cohthator amaauiienseg propask@di a&S@@emlh?émaSbAﬂQ)arrl er

| ayer 110 |s al so incl ude e barr fferent
o i al | CHETEHERS ADGEFar s ssioa B v Corife bo &tk /R HER bl o €1 00

The condugidly®s ihMdres, GONBeBRA: Is{mﬁ@il’fbaahm]@@(&@.menbﬁ WGQPROmM s@rauaomamwrall oy or

ot her conductlve materi al.. [ 004 ver burden portio

n f
conduct i vés %%%ﬂam%«mﬁé%@rqi pie ui%degk[%dé Mé“&%ﬁ&ﬂ/l@d‘etdﬁ&c%@ét 3 bégleiéﬁ/m 104,
106 and inghudes, iGOLAES PARW.AG: |9Gal1D ZOGp KAl AdiiteRS: el thhd Ghe shbrdtd

100 or a conductive interconnect material 120, The conductive interconnect material 120 can

be copper or copper alloy or other conductive material.

[0044] An overburden portion I 12 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.

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

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



t hi ckness of the overburden portion 112. As shown, the larger feature 102
has a corresponding |arger decrease in the thickness of the overburden
portion 112 as conpared to the smaller feature 104, which has a slightly
smal | er variwbi2ens/res4¢ hi ckness of the overburden porti onpdd@soib@igensel y
packed features 106 have a sonewhat increased thickness of the overburden
portion 112. [00451 Typical etch processes etch the overburden portion 112
of the conductive interconnect nmaterial 120 at a fairly uniformrate over
t he entirepluafige ilare@arbantn pbereflo? of hheorddypi@dhtercomerhuateién to rpwalsiqar ocess

such as a CwP, ECP or etchrng %Wocess w ||l expose the barrier layer 110
near the |'HAGEHELRI{TARCCGONGBIBIET (RECIFEPFREMS ayer 110 near the densely

packed f e@by1685h06 b aDRIBIRASERr 26 Dl dcBGdintP e lon®VabEMmdRTb
renoval processes cannot WD 2005/ 076349 PCT/ US2004/ 043912 7 planarize the

over bur denthppresing invenPorof Thehddidordd layel 308 is foraedomite of havepigen pyrtiphél 2.
preci sion r[e 64 df‘ﬁ zéé’é’ﬁ'ﬁ%%%ﬁ&%gﬁy @g&a}j% A8V § g‘n d‘% @ﬁ{ &t &1]2&3%%&9046]

Figure 2 s OWs an a i onal” Tayer I'n"acco e Wt
enbodi ne ntpod;;fe:hcbh,qaqmyze@emssu mlagart VSR thbhealaaidblconatridlay ethep 62terigl tharcaed on

top of the,over urde por 1 addrtrona 02..can ,be a
subst ant i atq%y Hﬂérp P e?ﬂvﬁrwws@ﬂe “‘PE’;?PHE‘%RCB ‘1§¥§a‘f%’tb§$‘?§' Af

pol ysi | i casptiopd] mEkelf @5ih 8d.g., Moheye100 ddVinomickies)ndhioymauinabl®! mmy elsd s, or
other material that can f[QM/tO forma Planar surface and _whic s t he
appr opr i at'BClEtHicHeeaaE aitonpidpics 892 andihe gstiusrranoT B At VBT SOTATH (e. g.

about  25- 10Q..BM Loy Eehd r%@&fra)m GORT QL&D |hRY eThZQM RN 184 00PEan gmw 4ded
bet ween the additional |ayer 202 and the overburden %@étlon 112. The

confornal\Wﬂay@ﬂewﬂﬁneﬁﬂmbehaC@@b@ﬂ@ﬁﬁhdveﬁddmn&d@@d ion |ayer. The

conf or nmal I I TRd 1..be
used for éhgﬁﬁéﬁ%gﬁ%ﬁard ééerzgﬁgw&%gﬁﬁ¥?£?ﬁggw %tlogafﬂ$%§%gﬁ%6gq§ﬁd t he
over bur denepaitiyvon tid 2 shizequeat subisg potdsald.y, p’llasrrila @tgedroussatlembiastopn seht hat
a subsequent etchi.ng proce 9., plasma or eo S. rocess can

ot oh” bo moinE® SinenB SR TRybT e laRt R SPDTRHEHT e P REE3

subst ant i ahd48] Fe S 28R WA @bstarltRifld Blandrl FbibE:d3n {5&@&5@ 182 S @@bmhd:earviwmm anar
over burden portlon 112" in accordance with one enbodi nent of the present

i nvent i on.cIBediapaEok he Prarl i verin. |Beyase thg addigpra layersiiB Jpaty S&PWWMHV anar
surface over,.tHe: aét%f«gf t}%fsédrc]:ﬁiéﬁfa%t ?j@O 114.0; 12125%; a gggeto ﬁné [Jm@éss eheMiRem1y

process can uni or e’ addit'i onal 1ayer 202 and the overburden 112
over the erwlitlnfeacwrteamtﬂmﬁrﬁoﬂ ed the reérbiirden lki\mrﬂbup desire pop vivgriba emaigjing

substant | %vcﬂéurdgg %l)llti%n q'l?‘?sa srubstanﬁaq?'tloc%lrl])? plar?a??h th\éaﬁrl cglwgat%o]né ’lll‘,llqa 1]1388
are substanfiaily eliminated.
[0049] 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., C1, F, Br, I)
based chemistry provides etch rate control for both the SOG as weli 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, C12, and HCI are typical examples. Various process
parameters can be adjusted to control efch 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 = I, Cl, Br, I), CH2F2, and CH4).
[0050] Another approach involves a sputter dominant etch with Ar or other inert gas such as
He, Xe, Ne, Kr, as the primary etchant of the copper overburden postion 112 with other

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



are substantially elimnated. [0049] A typical recipe would involve
conditions that provide a 1:1 etch selectivity between the additional

| ayer 202 and the overburden portion 112. By way of exanple, if the

addi tional Wwayersn202 is SOG and the overburden porti onpdi@s:siappper,
then a halogen (e.g., d, 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. Although any plasma feed gas producing reactive
hal ogen r adifead & teamrmamings@@perGi4, T 2theraraditiME caafeshtdg plioc ed angcaliip kisBor

Various prqcess parameters can be adjusted t ontro
4 Bitebp ¢ d

‘ X 18 at G wide & t |1 et Ceh frbggw%% about
sel ecti vi T PIYFESFRH TER ORI 8Y AT WRPHER S APFAY iP5H 5T “process
vari abl es Bugbreas ol sbdaten dgpperat ure and inclusion of one or nore
additives ée.%.% At, H2, d, 02, CHBX (X =F, d, Br, 1), CHM angilc_: 14).
[0050] Andt¥ad Thspird sEhmeivesictds aneshatoress davshcA 2t Bh Mt Veor Gther
Inert gas ' subantdi@y 1081y Kanards thGe RIhMBEYi&k ehant ¢ ofisthe copper
over burdeﬁ%%gdr%tlﬁgnsuﬁgmv%ﬂ?h&gt%éramladmi t“?ls?eg to 1p?ovi de etch rate control
of the addibitonially Playenteg0Dnandmpassbseguénd piclifig plocessespy A ROGShoMER 2D
PCT/ US2004/ 04391 . surf.ace of th emai.ni ng, : er
a1 ves taanipng g e B dont AR TR AR G ERRBREe R b RL RS
pr ocesses cbtifanhoaeiiag froose o @& addant & vperhabaserhadgeoafonidiveermaldut 75

degrees C _and about 400 degrees C. [0051] The firs t.chin rocess i s an
Gt oh pr 0 5C0 HESRBIEATE o HUS *Tins IS nrg o e B LRGP P
subst ant i gubiktqhOfidldckssed ARRlhd hidthekh dah@ndiQeablettBk balicPRZOLU4nd basivalld8 are
substantially elimnated. One or nore subsequent etching processes wll

renove t hheghringis coppectivajimiarioy 1 BF opryephrarppteK D5oY s YrPine 3o TIAhgY) i shy
etchi ng process, e i LRdhibR o &SGR Pk dRIP S Ehifl @n@
endpoi nt ??&\%%?‘%a@hgﬁg\?}@?Lﬂ’?g‘é’ﬁggﬁ%ﬁ?‘%hﬁﬁ%& I sn rem;%d Of rom tl henbgr rier
110. The fémishangtnoidigbyratesssican talisoabes cocleaiiednaterial He0 urkveat ch
process. Sugésequr;e%jnt. proces lteﬁ_. raffuttﬁ&, t_&% Sful1 ni sh etch can i nclude selective
barrier rSMOVATT AHP PALSTTAPFHG A H&RE"H ng conductive material 120 to
prevent cEE0RSFaMrand sidvavhe eubstrabil O havidgomdEigbhdvesecorpl oxdgssprogess Bn

addi ti onal operation afte{)%éhe fi'rlni sh etch can b,f; desingne_(il.r;ot. to

si gni fi cafti%eaFeitl e G PEht o4t PUESCBHM S s RFEe0 PHEERT 1 hg
conduct i vgofaugl it e%a%iﬁt%u% BYERE baiGieF QS 100 wANL Hipesade aistealidnst y for
further processing. [0052] Figure 4A shows the substrate 100 havin

under gonesibsgadiathdsisbiengsipresdng enly fedorivarée olie Rohel enbgeiabhe - of

the pr eseQ&pﬂeE\é%E&Sé}.'%Qntai-mf‘g eﬁl%?soﬁhq c%hﬁbhiaﬂgnspﬁrﬁpﬁf?e? conductive material) that fills the
features 102, 104, 106.
[0053] The first etching process and the second etching process can be substantially similar ox
significantly different. By way of example, the first etching process can be an etching process
for improving the local planarity of the overburden portion 112 due to local non-uniformities
114, 116, 118 (e.g., caused by feature 102, 104, 106 locations, sizes and concentrations in
underlying layers). The entire additional layer 202 and a portion of the 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 of the remaining, pianar
overburden 112" to the endpoint (i.e., when the barrier layer 110 is exposed).
[0054] Figure 4B shows the substrate having undergone a barrjer removal process in
accordance with one embodiment of the present invention, A portion of the barrier layer 110 is
removed to expose an underlying mask layer 402. Only the portion of the barrier layer 110 that

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



continues to an endpoint such that the barrier layer 110 wll be exposed at
all locations substantially simultaneously and |eaving only the portion
120 of the conductive nmaterial (e.g., copper, copper-containing alloys and
conbi nat i onswoangdmotser conductive material) that fills pheushHheatsmes 102,
104, 106. [0053] The first etching process and the second etching process
can be substantially simlar or signifigantly different. By way of

exanple, the first etching process can be an etching process for inproving
the | ocal heandk paryiond! thhevabediut hen hiphnite oml Faf2radlyewitioa high adlectivity to the

non-uniformities 114, 116, 118 ) caused by featuyre 102, 4, 106
| ocat i ons, béﬂi“ﬁ“ég‘iy%#ééb B e g’f%n%ﬁg’qf fheo Hﬂi’é?ﬁ"ﬁ%ﬁ{f“ﬁégésr OPPCeITH g@%ﬁ“i‘r e
addi ti onal bhayehei®Ry &g, @2POF4, iHm, HBr,fHIQB)QYi@b@_éﬂfééﬁ%l?%&:lif@f‘th&@e%on@an be

removed in the first etching process. By conparison, the second etching
process caf*BEe PEChifc A" AT el Ardvatadhidaminnotesrossiatichappy 85 (he bul k

of the remai} Adbic & iAAREas) OMEH BHLELR odekeant ukde \%E‘iggéjklﬁrcesg h%tﬁmetemgﬁ pt he

barrier layer 110 is exposed). [0054] Figure 4B shows e substrate having
under gone adiBgied fosenielpijigricpp Estivity. Tdic o ardiaposessipphneiees embodideent  of
the present i, QnentiQn. . A, ' e rrier, bhayer.110.is__renmoved to
expose. an IdaHE el uBuBRL SRR Bhst  DRERL R RS Sl TR yer
110 that isluionmédnavitthom atidigvdsdapl Rs01,092, Had 0k, NEOBr, kemaiThe bénieyRhoahl
second etchin Rrogess renpves WO 2005/ 076349 PCT/ 1152004/ 043912 9 the
bul k porti BiroP CPRS Ot PeiaRd o g Seping HChing BrOghY DY PEPISPANF §EISUPR 5 hi gh
sel ecti vi t yhehBstiyhe prdd@nblly emd @)y bibk Qoti B MR vEHuRKATPS Shd Baﬁi‘iérh‘%gpl/ﬁf bur den
portion 112 js copper, a hal ogen - based chem stry ge.g., Cl2, 4, HA

M, BCL3) WHRM5eadf faiet foRPYI4is el indepepdrat epdpeinhignatscnn hey cpltasted saenspyg

anot her apgiaaah rén s Gablato e NaNha BLAL: YL GES i bARa i Rlon( OF

other noble or inert gas) based sputter process can ari ous
process paiPapEaserry tedinidyes caadiewstded to control etch rates and selectivity.

The vario 3 r an.include adjustin r.ocess vari abl es
such as su g???ﬁéﬁggﬁ%%ﬁgﬁéﬁg OQPQH% “%‘%#@%éﬁﬁﬁgfgﬁg%ﬁég%a‘ﬁﬁ i ncl usi on
of one or ploraeizaddi ini acesdfiee gith o2 enB3diméit,of B, profent ilNntilsd., In@dpéra)ion JbEe

e o Bk B9 ODa Rl 0, RSO Eorl e Lo Lhe segond elchno
bul k pot i cropfhe Fibke e@M@f&Hﬂ’Sdﬁﬁbﬁ@@ t@REhRATHE nfortR¥8he ddddiont f-aPcrtZI@Q an@ie
rate. Appropriate and independent endpoint signals can be collected to
ensure coOnPIEtize PERbar RiFtiehEl 2oVR pBurERes 131Re saeencheiplr prepess iyapplied tor
exanpl e opkihed 1€ MnSSiifR ovREaLT RREQPY1 A t%cfi@ti,ngbltﬁﬁt. can be used.
[0056] In an alternative embodiment, operation 515 can also inciude 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.
[0057] 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 Iocal uniformity, in
accordance with one embodiment of the present invention. As shown in Figure 6A, the
substrate 600 has a substantially non-planar overburden portion 602 with non-planar surface

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



[0055] Figure 5is a flowhart 500 of the nethod operations of performng a
| ocal planarization, in accordance with one enbodi nent of the present
invention. In operation 505, the additional |ayer 202 is added on top of

t he conductiwe 2en@rddur den portion 112. In operation 51.Rcrtdeecsfobswsi etch
process is applied to renove the mgjority of the additional |ayer 202 and
the conductive overburden portion 112.10 n operation 515, the second etch
process is applied to renove the remaining overburden portion 1.12' to the
endpoi nt . POBB&eldrringmovate Bpwat 6% encbrrtj)nodpdmioh 709 parabition] bl cwans aksed

include a fi Locess a bed abov Subsequent processes
after the T |t§1llil’ giﬂ[h %ﬁlblplg?{l ?Oﬁ%?%(iﬂg‘ 2@ iopal ’Bé‘?‘rﬁfe)@r“ay & HeRPattedy dormed on
passi vat i nige di-\h:d)uiﬁﬁiﬂdo[’tld’:ﬁ@ﬁ@oB@}bkﬁlf}/lo‘{i'exa'i@Q@EHe@Hdllrg&iltI@cp@(ﬁVcﬁﬁ'Bc £RREPSi on and
provi de stabr |.i té for further processing. An additional operation after the

finish et WO ?&“C%&?ﬁ"slél%é%ri@?réoor’ropﬂroa o§ thg wiverberaen pqmmemi\/éf@ny
material  Ruébomky p&ﬂ§§6(‘fﬁfs% dﬁﬂ}?of 1'}1'119? the%%rkgﬂﬁollle\ﬁeex Lerd gl a@lga?-a@%ﬂ

prevent corrosion and provi st ab or fur essrn
Fi gures 6ACBIPeEFERia Hedisehew O, @Ine mfmallle selviegsi g ﬂw’ﬂdarﬁ"[oﬂh{ilﬁarQlkﬂ]de

processes i rat.e ease uni f or

accor dance” \%p("t;dﬁ gﬁgtcgw%o%ldg@ﬁtlgﬁ@f G&Z{)‘gfﬁlSCF e@%%‘? Siuﬁ?/cg r?f Fh&?omﬁ g mém} é&

f | owchar t to7g@avet dtdpa)ommhddhmo@patdvamsldoﬁ stherrehrests @cﬁ:lcherﬁi@m\é@hﬁdrﬁﬂn and

et ch- backmg)ppg1 aelg%ggwa% (EI qh iﬁé s%ir]%te 600 to increase

uni fornmity, frn -accor dane& whth? gipshtnddtobed BF@@@ntAHPHQféWPPeSn As
shown in Frbgiﬂhar I6iAg raink €or limbEérﬁrﬂian@Q@lymm §ﬁtbﬁl%ﬁd?i7h@énl of d@)ﬁf}ezpl.l%ﬂﬁﬁi

over bur den n 602 w th non-planar surface profile 606, simlar to the

orti
substrat e° ff%‘o“ﬂjég%‘ﬁcb‘e‘iﬂ’crew ﬁ%ﬂrlgG@Oaﬁé% 204D 2005/ 076349 PCT/ 1J
S2004/ 0439b89) I%anot(ﬁ@ﬁaﬂungﬁf ﬁ"rl% Hrﬂgorﬂr@ éél%og pe %ﬁ’g{%ﬁ%q the’ errtla Od%e*rggzttl |O(r)]n

705, an additi onal %ller fornme ov er
602. The %’dr'lihﬁélﬁmsﬂr 16@@4a1nmy.utiea pl@pmsuimdomn cﬁpoddﬂajzbﬂbﬁnngﬂb;ﬁ)sm&rﬁrburden

portion qgggvg&uﬂ? Syl e, the additional |ayer 604 can be forned
through a chem cal Conversion of a top-nost portion of the overburden

por tion d0260]iKefthieg now 6y bperdien 7pOLid FBuEO2, diSctE0PREpreksGORRRLA& | oy, then
a control leﬁgv ‘?fgoﬁé{ %&P s can form a copper reaction product | ayer
604. One ‘éxanp e %1962) GaROTHIRS ey FRYFIR FOIPn AR Nk alsp&ger 604. The
copper r&amb@aalt Rey@ingbdaddiifdndSigser 604 Rs4iR6n %ﬂl&%@toﬁ’ﬁ] tihe ol g Rtgﬁﬁg)é)cg

ur

overburde ? to convert a top portion of the copper ove
Pr oc esseé 1l R ecoxer ey @Pléioﬁr@o%io Pléﬁlmﬁéﬁ éﬁi@ Gerlmide bw’DStahmaIarrSthe@uc h as

Nagr aj Sthé@Un&ﬁMﬂ!ri RO R po-lrtzonl%@libf (l%u arbﬁlach gllallngaérh Bﬁ) ‘:alfl ?%plp]er "

Di agrans for Low Tenperature,

Jour nal etch-back selectivity with the copper ovelbmden por tion 602 Operations 705 and 710 can be
repeated multiple times to substant;ally planarize the overburden portion 602 to subsequent
prefiles 606" and 60677, as shown in Figure 6D, until the resulting profile is substantially planar.
[0061] 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
example, oxidation of the copper to cuprous- or cupric chloride (CuCl or CuCl2) at the surface
can oceur in a chiorine plasma at lower temperatures (e.g.. < 200 degrees C).

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

CuCl2 to volatile Cu3CI3 in the presence of reactive hydrogen species (e.g., H2 plasma).



of El ectrochem cal Society, 149 (11) G620-6632, 2002. [0059] In another
exanpl e, the additional |ayer 604 can be deposited on the overburden
portion 602. The deposited |ayer 604 can include a polynmer |ayer or an

oxi de | ayer wenuwgiusposi ted on the overburden portion 682200603912
Referring now to operation 710 and Figure 6C, an etch-back process is
applied to renpve the additional |ayerl604. A portion of the overburden
portion 602 may al so be renoved. Renoving the additional |ayer 604 results
in furt herAEQﬁl&t'mlgitlnrgsh(ape:—éepenqiﬂnamwbmon ddllonfed by Ia@h-pn@:f afltee @hvértee poutemban den
portion 602 to ofile 6 e | i de . su |aII sof the

Pont our's. ored RARLVEPRTHL heisarits 81 BO9 Berar D) VS PSS NARRELTH o
subst ant i ahé ypdgriphyel@hphEnk Seleeohpitiobybivithsd2he copper overburden portion
602. Cpergb ns 705 and 710 can be repeated nultiple tinmes to

subst ant i 9%56?8ﬁ%ﬂﬁ¥§”@h@“EV@@@HFH@ﬁO%@Fﬁﬂ%ﬁSﬁﬁﬁmﬂ@h§ﬂ5§@aﬁbﬁﬁnﬂﬁ?of|Ies

606" and 6Q&hod ﬁﬁm%@ﬁé"@hd '}\lfelugiﬂ(fé 8P df)@lta'tzl)n Hsethe%%{]b{lfd@:g B508 bbLishnSt

substantial ly planar. %1 conversion o coppg over burden

portion GGEbﬁ@nmﬂiP%gméhép@mdépémﬁ@ﬁ@gﬂ@ﬂmsg@nwammdmﬁ@hmaﬂﬁbwomadn@ee

typicall Y e ?@ghﬁ%ﬁﬂ Bé(l 9&18%’0%'75‘90&: CSI RRET w6 funaszrw%Jet m'bel In grpeCI es
pper ‘o r'd 4 1 ud

interface. lzation'in |s i NSt ance cal 1 nc € a chém ca
conversiomhamMUWﬂamm@dnaML¢¢mpem1Tﬂhﬁn@ﬁﬁ@exaaamﬁ@mmdeMEECPQppﬁwdomna

positive qxid n state. oxi d t|on of he copper to
cupr ous- Wc%g%b9E08ﬁF§ ?&nggﬁéﬁu e gggyn%fw?ﬁ ELPeTHeR o éﬁgﬁg% ina

chlorine piasswnat |ower tenperatures (e.g., < 200 degrees Q [0062] The
etch-back rocess invaol ves reduction of this copper conpound to anot her
cheni cal obhretrp aptialion destihe \pdiigrey G-anen harsed penplptry beleemord ace

of the r e'ﬁpdc@ésrﬁ%t %Mﬁ&%‘rér%%la@aggamﬁtof biheoh, ';?fa%% (ﬁ}é%?g USrlaReh fé'il%J ngy

way of exanple, there can be a reduction of 0 Vol &t |
in the pr@%@ﬁ@eﬂoﬂWh%ﬁﬂﬂﬁuwénmpdmeééa speci es (e g , H2 plasma). WO

conver ot ol el ThuBar By B ARCREERE Sttt e Auh O ol e FORRRBRT BENE PRAETS Y bul

renoval ofnotde %ﬂﬂﬂGJHOWMQ&’}fbﬂﬂldﬁﬂespﬁﬁbplﬁg\ 1R300 31 th afd 1@%@@3@1&&1 By way
planar|2|n profile) of the cog over burden_ 602.

[0063] In ged‘é‘P’é?f §“HF1¥€ sélﬁg b(?é%u%@wkﬁ%wf (5 OBOLUIden BUHER Ak 147 y

pl anari zegh dets&iﬁﬂdﬁlh@omﬁsﬁlb@Glfn@cl)@rqaﬁvht@ﬁtsfxﬁmganoﬁ'Ib)%m;l@ﬁ2 ¥&ltd Shte vepBL ati on
715, the overburden portion 602 is not substantially planarized, then the

met hod op8PariPBHaue 8@{ Thodla Spertabiean SeosbtoVEng Eddyoresrene ibgdikiretel. .
oper at i 0ngled 03 DEANGAR 3C8MY and .S Phidnh S Hc AR 194391083 Shifiashamhelyq I n an

Method For Metal Residue Detection And Mapping Within A Multi-Step Sequence by Gotkis
et al., filed on September 19, 2002.

[0066] 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 variations in
removal rates of material in the center of the substrate as compared to the edge of the substrale
and other non-uniformities that are not localized phenomena.

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

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



alternative enbodi nent, operation 710 can occur ex situ and can include ECP
or lowdown force CVWP processes to achieve the substantially planar

over burden portion 602' as shown in Figure 6D. [0064] The net hod

oper ati ons deecsosbmdisd n Fi gures 6A-7 can be used as a plramarszbuloksorenoval
process that perfornms both planarization of the non-planar overburden
portion 602 and renoval of the bul k ofi2 he overburden portion 602. [0065]
The | ocal planarization of the substrates 100, 600 can be determ ned

t hrough arfigonel-Gnbovedrenpbisemehal kdor@vin tHeayie rSubhintinN e ssndvapnhdi@calized
technol ogies that are known in the art. By way of exanple, an eddy current
sensor carmfap’ PH’%“THOEP?]@é‘ébsiﬁ?flmtlﬁelofﬂ}@’r%%“?ﬁéerﬁl JyERoRTdsH Partion syep s they g

descri bed pimagsmaveinr@mReidd 132 Rake i mepRls satd on 10/ 328,912 entitled
System Method And Apparatus For Thin-Film Substrate Signal Separation

Usi ng Eddyl0@ e Byhaee aqubstantially remavied, edhnerizebes etiiiglen p@tiop8¢inand U. S.

Pat ent Appl.} .00, L , al Resi due
Det oot i on 5 %%%ﬂtﬁg’“%?%ﬁ?ﬁ%&ﬁ%ﬁ%l’%ﬁ?ﬁ%@%’@%g %&@‘gﬂfg‘%ﬁ?&‘m ., filed
on Sept enpdmadigsd ROGRrdeh@OSH] THhearnetahodsvan thisyettendndesiom soddasiarfe®i gur es
1-7 above hgn? cri b%t_gario¥Lfs ,a%igr oaches to substantially elimnating |ocal,
pattern depe 8%%% HENS {fh 5P ties in an overburden portion. However,

met hods anobesy st emmatdasas| feehbshatEingh Ei%aleﬂrmﬁzs'ﬂbﬁ/\éﬂmﬂﬁn Rettiodiis Meipky taddr ess
correction_of global non-uniformties. obal non-uniformties can_include

vari at i ond9SHEY 38 BRIy pry glebad porrppifrmitics inthe planaged evergprdemporigihsticat e as

conpar ed bHfnhifea@R88uRkn bhgios URSII BifRed 30 o BRI o PR ML Q5 MbLASsthat are
not | ocalized phenonena. [0067] Figure 8 is a flowhart of the nmethod

oper at i on tgggestmumpineecinatpiss Shire inown Wrthé or m deéseieil nbexse dhdampringdtrh one
embodi men%e91‘sim_é‘v-tnfn%ﬁ@%—ran@gr%gésg &&;nb'c:- PRt ete}?t@m%%m& l-lsegpa%se@& e having
| ocal i zed non-uniformtres such as feature-pattern depend‘lan

non- uni f orimanthegls A in sithenapyg brree gampdrd bodynhsio @deilvedor thosubpepatti on 810,
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global non-uniformities in a finish etch process. By way of example, 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.
[0071] The recipe (e.g., selected values of process variables) that is selected is selective o
barrier layer 110 (i.e., will etch the barrier at a much slower rate than the recipe will etch the
copper, e.g., a typical selectivity range of copper etch over barrier etch in these processes is
greater than about 1 but less than about 3) and that will minimize any recesses (.., excess
removal of the conductive material 120 in the features 102, 104, 106).
[0072] The finish etch can have relatively slow etch rates for both copper of the remaining
overburden portion 902 and the barrier layer 110 to minimize any recess into the features102,
104, 106 with respect to the remaining height barrier of the barrier Jayer 110. As a result, the

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



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. [0069] In
operation 81%p tih@rsubstrate with the planari zed over bureenuportoum i s
mapped to identify and quantify any global non-uniformties in the

pl anari zed overburden portion. The pladdarized overburden portion can be
mapped with any one or nore of several known |ayer thickness mapping
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controls during the final etch-back of the mask/[LD 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 etches the mask
material to bring to the same level as the copper level in the features 102, 104, 106, Typical
selectivity obtained in this process is greater than about 2. Variations of the recipe to provide
for uniformity control include pressure, temperature variation across substrate, ion flux
uniformity controls, gas concentrations and chamber wall temperature. Variations to control
selectivity include reactive halogen species concentration, substrate temperature, and bias
power.

[6075] Figures 10 through 11C describe the method operations of dual damascene processing
in accordance with one embodiment of the present invention. Figure 10 is a flowchart of the
method operations 1000 in accordance with one embodiment of the present invention. In an

operation 1002, a patterned and filled semiconductor substrate 1100 is provided. Figure 11A
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[0078] In an operation 1004, the semiconductor substrate 1100 is planarized. Figure 11B
shows the patterned, filled and planarized semiconductor substrate 1100 in a dual damascene
process in accordance with one embodiment of the present invention. The uneven overburden
portion of conductive fill material 1120 has been substantially removed in a bulk removal and
planarizing process such as described in Figures 1 through 9 above. A CMP process (e.g., a
low down force CMP process) can also be used to remeve the bulk of the overburden portion
of the conductive fill material 1120 and planarize the conductive fill material 1120. A
minimum quantity of the substantially planar overburden portion of the conductive fill material
1120° remains after the bulk removal and planarizing process.

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

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



WD 2005/ 07634') PCT/ OS2 004/0 4 39 1 2 14 shows the patterned and filled
sem conduct or substrate 1100 in a dual damascene process in accordance

wi th one enbodi nent of the present invention. The underlying substrate
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the Condugetlén\dli aifignl Af tﬁ@%eﬁ'{ohgiayers of material. Delamination can occur due to the shearing
forces imparted to the semiconductor substrate 1100 by the typical CMP process. However a
relatively low-down force CMP, for example with down force less than about Spsi does not
impart significant shearing forces to the semiconductor substrate 1102 during conductive fill
material removal. Transitions between low-k materials and other materials can be especially
vulnerable to delamination due to the relatively low adhesion characteristics of many low-k
materials.
[0081] However, etch processes, such as are described herein, can achieve an etch selectivity of
about 10:1 the liner layer 1104 to the mask layer 1110 without imparting shearing stresses to
the semiconductor substrate 1102, Etch processes can thereby more accurately etch the liner
layer relative to the mask layer. In this manner the removal (i.e., ctching) of the liner layer
1104 can be more accurately controlled and a sharper edge transition between the mask layer

1110 and the conductive material 11207 can be achieved. Further, since the mask Jayer 111015

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



1120' remains after the bul k renoval and planarizing process. [0079] In an
operation 1006, the remaining conductive fill material 1120' and the liner
| ayer 1104 are renoved to a desired endpoint (e.g., so that substantially
all of the mabendsabesgtesi red to WO 2005/ 076349 PCT/ US20044 043940155 be
renmoved has been renoved). This operation can be acconplished by one or
nore steps as previously described abodé. Figure 11C shows the etched

sem conductor substrate 1100 in a dual damascene process in accordance
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CWP operations, the liner |ayer 1104 and conductive fill material 1120
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force Iesi %?F about 5&2{] 0€es qu& _f’dmz)art sil?nifi cant shearing forces to
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1130 to be patterned for subsequent device formation processes.
[0084] In an operation 1012, the dielectric layer 1130 is etched to form features 1134, 1136 and
1138. Figure 11F shows the semiconductor substrate 1100 with the features 1134, 1136 and
1138 formed in the dielectric layer 1130, in accordance with one embodiment of the present
invention. The features 1134, 1136 and 1138 can interconnect with the underlying conductive
fill material 1120” in the underlying features 1106, 1108 and 1109 as shown above.
[0085] In an operation 1014, the features 1134, 1136 and 1138 can also be filled with a
conductive fill material. Filling the features 1134, 1136 and 1138 with the conductive fill
material can also include applying an appropriate liner layer 1140 to the interior surfaces of the
features. The method operations can then end or the method operations can continue as
described in operation 1002 above,
[0086] Referring now to Figures 11G and 12A through 12D for a more detailed description of

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



about 10:1 the liner layer 1104 to the mask layer 1110 wi thout inparting
shearing stresses to the sem conductor substrate 1102. Etch processes can
thereby nore accurately etch the liner layer relative to the mask | ayer.

I n this mannego dBe7senoval (i.e., etching) of the liner pa@aygnnibifdh can be
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[0088] Figure 12A shows a detail of the region 1200 of the end point of the substrate 1100, in

accordance with one embodiment of the present invention. Figure 12B shows another detail of
the region 1200 of the end point of the substrate 1100, in accordance with one embodiment of
the present invention. Btching chemistries can be more accurately selective than CMP
processes and therefore the top mask layer 1110A can be etched while the liner 1104 and the
conductive material 1120 are not affected. As shown in Figure 12B, the top mask layer 1110A
can be etched until substantially even with the liner 1104 and the conductive material 1120°
(i.c., the dishing depth Ah approaches zero). Alternatively a low down force CMP buff could
also be used to remove at least a portion of the top mask layer 1110A, One advantage to this
method is that since the top mask layer 1110A is at least partially removed, then the top mask
tayer can be much thicker (e.g., greater than about 1000 angstroms) than typically used without

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



invention. The features 1134, 1136 and 1138 can interconnect with the
underlying conductive fill material 1120" in the underlying features 1106,
1108 and 1109 as shown above. [0085] In an operation 10.14, the features
1134, 1136 amd20%8%:3ean al so be filled with a conducti viefidzbosmatoeri al .
Filling the features 1134, 1136 and 1138 wth the conductive fill material
can al so i nclude applying an appropriatle |iner |ayer 1140 to the interior
surfaces of the features. The nmethod operations can then end or the nethod
oper at i oNgoEsN FERR 1 ITIShoks anct@sCictdiad t!‘ierregipleﬂmd ainhclddpombaftbe subSOBE]

Referring nOMItO Figures 11G and 12A t h 12D for
descri pti oACHAn agoR aP@h%U%P“%%“%WHB%FH 8%§§“ﬂ@§€r?ﬁé OW%mﬁﬁgP%?g%n 1006

of Figure tﬂ&te?%ﬂ@la K gUubR A & bnpCer %Q&Qﬁé\@a 0349 REH ISR QA4NiA3HAAs 17 a
flowchart of the neghod operations 1006 for renoving the renaining

conduct i veclegtive tcmﬁxeemd@ﬂymamz@ layey 1 HB. ddsickcapres§eRsan B 2 PiaPF“%l?;téleloﬁaWEte with
oné enbome&%&%oc%% X ccgﬁf?%g%af%g]é% 1;1'191@ is ook é{f ?en]r(%ﬁdtiné %Egttﬂ'fa’]eg@f gaOW

detailed vie e reqgl he ma yer
conductlvemnmhmgmatkm@@aulansMamupdsmﬁmhbdhnémmsbdﬁWﬂhﬁDp@Hﬁwabfw@h“er

T110°i ncl DHEESIe FotecnyaRe ™ T oa Tabb e Rt A REuE AR el NEpRRy D!

pri or arthgwﬁmﬁmgnﬁhugmanﬁ&@&enaﬁkmbayer(s) 1110, 1110A 1110B, as
applicable, are typically left within_the mater However .. due to

the hi ghel0420] ¢ eesefrog fieh PERSRSSPraTTibed pFignnss 'ﬁ@rﬁbPYﬁ %‘Eh%’é%"eél?e i sk

layers is desid Bﬁdlllﬁlﬁ\gfl'a'éﬁef&gﬁ‘le t&b@%ﬁeltlﬁ%r SONAYE bl M@l WlidknBR e icader hd20' and
l'iner |ayer bei n ightly dished as conpared to the top surface of

t he mask |199€earnvmqrosxm Mhws. dorctnogahe pp magiatager LA ipllly raroved diegi ng

dept h of el ow I fod q%%% t he
mask IayeFgm%%%ﬁw?m£&%fﬁgﬁﬁgﬁgagﬁfg@dﬁ}&flck es%ﬂ% ts%%%@f%%gxfg@ggﬁﬁt 1000
angst r ons farureor @6 aAnd sant y piT@gethdrl Thhasledyingmyek byelhidtl (B emn bwut 50 and
500 angstro eca he mask 1110A qui red
to be OVP(&EJFsIE 'Vé&gut{ﬁw¥%%ﬁﬁ #ﬁ%?n WPEHBJ& yﬂaﬁégg p?%ggéggﬁ&jgg

nore f1 exighidnbtyyihSb@fiovihpedat & thbeartlarmseane tehupsudesliignend drddt mleess
materials can be used to performother functions. g w?%$of exaqg t he
top mask Fagdive ©1the Auksaintegnatpal fefufly gemnvg esrior Rapk kyerdd 1ot IURPEE Por  t hei r

strength ﬂﬁdeQIQﬁimsﬁ raf S RhSHANGEHL @Qﬁﬁéét&?pm&\ﬂsﬁ e ARd Qxiidas kayers have
good deposit and adhesi on characteristics and can be easily and accurately

et ched. Osenihenduptes kutsanie bealwadonvaplarmastihahanberghsh sdar e SEFes e BEY above.
[0088] Fi gur Gllan% r}ﬁan%\{'\ﬁat%n O%Efﬁhgn‘;ogcscn@gd fnelglrlﬁ@ ié%g&e()f the end point of the

substrate
[0(391] Figure 12D shows yet another detail of the region 1200 of the end point of the substrate

1100, in accordance with one embodiment of the present invention. As shown in Figure 12D
the liner 1104 and conductive fill material 1120° are etched so that the dishing depth Ah”™ is
significantly reduced as compared to Ak’. In this manner the dishing depth Ah” can be less
than 250 angstroms.

[0092] Figure 13 is a flowchart of the method operations 1008 of applying the subsequent
dielectric layer 1130, in accordance with one embodiment of the present invention. In an
operation 1302, the dielectric layer 1130 is applied to the semiconductor substrate 1100,
Figure 14A shows multiple dielectric layers 1410, 1412 that make up the dielectric layer 1130,
in accordance with one embodiment if the present invention.

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

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



accordance wi th one enbodi nent of the present invention. Figure 12B shows
anot her detail of the region 1200 of the end point of the substrate 1100,
in accordance with one enbodi nent of the present invention. Etching

chem stri es wanoberawr e accurately selective than CVP precesses/oand
therefore the top mask | ayer 1110A can be etched while the |iner 1104 and
the conductive material 1120' are not aPfected. As shown in Figure 12B,
the top nmask layer I 110A can be etched until substantially even with the
| i ner 11041E0d! tigre dheheot.i Tnen typitdpiviat arl p20ess tifsitotel. thickinas dff tshiliagcwiept h Al

ioed to r chbue e FALERRRbRRRG bR e RolPeibh dSe Thyaresrn o Feyder % °°

advant age Wil HehdeScrib@@ ihadrd detdiNRions kRCBe1tNSe 10fs MK 14 1@%ah hdtkQbal s at
| east partjall nov. then the top mask |ayer can be nuch thicker

r ed,
(e.g., grée ECEPQISF Hgﬂgﬁgaﬁﬁlym@h&ﬁ&w &Y angpeamis (9 gi- abaut §0QPsEAGRE t hout
I npacting e @vgr akhydyopekneRAHRCHBELSE LGS 9413 18 19 ElnRlspRlAass VO 2 00
5/0 76 349 PCT1US2004/ 043912 ° 1s [ 0089] Frgure 12C shows angther 3etall of
t he regi orSP200 Agfaghlayes idanpbiechthegfontifienag blel # aarebe redi@eq andrsubgodialance with
one enbodhg@ﬂﬁtgi the present invention. As shown in Figure 12C, the top
mask | ayer 11 %A can be conpletely renoved by an etch process chem stry
that is dJ00%Gth eeothe ekheplantefitsy dingemasiyel ayl@rcad Bl OBw-Thelcetic gt ess can

be a plasna.etch or wet . etch process ince the top mask layer 11 1QCAis
conpletel3%?%&@@§ﬁ?mfwggﬁ85ﬁﬁﬁﬁkﬁgéa%ge?ﬂé‘“P1@5“ ﬁﬁﬁgﬂﬁgﬁnﬂ' 7141108 i s
slightly dhahed BydepbheainpM, ISOdDeh¥vaihaot-pRnslH-t ARt 8 pdrhd( fdrBgh 1a%04
and the cg&%ucilve material 1120'. The di shing depth Ah'can thereby he
significa QCLIess than Al described in Figure 12A above. [0090] The

stress-fr ¢eog2 GDaPEREARNAI06 ERE: BEG: i dTh W ﬁger}s-a‘%xdék?%"tﬁe GAlcdRMQYe the
entire top mask |layer 1110A, therefore the top barrier layer can have an
initial tRMeskaEdd0df FignealtdBrshoham thitlobgedngkyerdre0 or thesereicoRctoheubstrgience

the top l r.. 0A. s ful.ly. remyved, then a .conductiv teri al

coul d e 2o RO O Scehiiobin TRIREpih i Baishe g FoFORR A 11 e
f eat ures 1486(or 108 subdechtidiaged edrs) chh@e uddderd furmner BReK deayarpidblif8 can
be very thi e.q. |less than about 5 angstrons). The underlying mask | ayer
11108 can léf"'s St %Ca“-@ﬁl?aé‘fﬁx Pl fanlyiveg od v 6p Hap B @éﬁ- be the
sane mat e(0(8k] BSanldpRrsidRISTAUR Ak R 1h.), 84 ONhnRN9seSS neSBhakiddve to the
substrate _material to fully renove the top nask | ayer 1110A'to expose the

under | yi n§e8tkt T Bows pedaniizad thighdiplegirip layenti 26t ishcprdres itk ane rabastmpity

Sﬁ@'hi Sg } gfr %?Ergs%tﬁ @é@g@@gg}é Bﬁsﬂlé'ﬁ}aﬁwilaéf?hé Bir@HRA 11y Rt ARGk E g hamber
planatization operation. The planarization operation can be any type of suitable planarization
process {¢.g., CMP, low-down force CMP, stress free planarization, elc.).
[0097] It will be further appreciated that the instructions represented by the operations in any of
the above figures are not required to be performed in the order illustrated, and that all the
processing represented by the operations may not be necessary to practice the invention.
Further, the processes described in any of the above figures can also be implemented in
software stored in any one of or combinations of the RAM, the ROM, or the hard disk drive.
[0098] Although 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 equivalents of the appended

claims.



renoval and planarization operations described in Figure 10 above. [0091]
Figure 12D shows yet another detail of the region 1200 of the end point of
the substrate 1100, in accordance with one enbodi nent of the present

i nvention. Asoshewnsin Figure 12D the liner 1] 04 and candubixesoii | |
material 1120' are etched so that the dishing depth AIl" is significantly
reduced as conpared to Ali'. In this nather the dishing depth AIl" can be
| ess than 250 angstrons. [0092] Figure 13 is a flowhart of the method
oper at i ons¥AR08ciefnadpp!l yi ng the subsequent dielectric layer 1130, in
accordance with one enbodi nent of the present invention. In an operation
1302, the dielectric layer 1130 is applied to the sem conductor substrate
1100. Figure 14A shows nultiple dielectric |ayers 1410, 1412 that make up
the dielectric layer 1130, in accordance with one enbodinment if the
present invention. [0093] In an operation 1304 one or nore non-planarities
1414 are identified in the dielectric |ayer 1410, 1412. The planarity of
the top dielectric |ayer 1412 can be critical for accurate |I|ithographic
operations (i.e., masking and subsequent etching) such as described in
operati on WO 2005/ 076349 PCT/1JS2004/ 043912 19 1010 of Figure 10 above. In
a typical prior all process the total thickness of the dielectric |ayers
1410, 1412 nust be relatively thin (e.g., |less than about 1000 angstrons).
However, as w |l be described in nore detail below, the dielectric |ayers
1410, 1412 can have a total thickness of significantly nore than about
1000 angstrons (e.g., about 4000 or nore angstrons). By way of exanple,
the dielectric layers 1410 and 1412 can be spin-on glass (SO5. As each

| ayer is applied, the non-planarity 1414 can be reduced and substantially
elimnated. [0094] In another exanple, the first dielectric |ayer 1410 can
be a lowk dielectric material while the second dielectric layer 1412 can
be SOG or other substantially planar dielectric material. By way of
exanpl e, SOG can reduce non-planarities about 50 percent for each |ayer of
SOG [0095] In an operation 1306 another |ayer of dielectric |layer is added
to the sem conductor substrate 1.100. Figure 14B shows a third dielectric
| ayer 1420 on the sem conductor substrate 1100, in accordance with one
enbodi ment of the present invention. The third dielectric |ayer 1420 (or
further subsequent dielectric |ayers) can be added to further reduce the
non-planarity



1414. As shown the non-planarity 1416 is substantially |l ess than the
non-planarity 1414. [0096] In an operation 1310, the dielectric |ayers
1410, 1412 and 1420 can be planari zed. ,4Figure 14C shows a planarized third
dielectric layer 1420, in accordance with one enbodi nent of the present
invention. A planar portion of the third dielectric |ayer 1420' renmins
after the planarization operation. e nari zation operation can be any
type of suitable planarization proc >g., CWP, | owdown force CWMP,
stress free planarization, etc.). [0097] It will be further appreciated
that the instructions represented by the operations in any of the above
figures aré. not regiiodéer fooning apepfiomaeefor m & fusl deescend stgfyrat ed, and t hat
all the prg&e§§5ng represented by the operations may not be necessary to
practice t G PRVERt i on. Further, the processes described in any of the
above f§gures caschlimoa petcrigll BednddctonsutsehteWarvingsd Brsecoriducdvy one of or
conmbi nations of the RAM_ the ROM or the hard disk driye.. [0098]. Al t hough
the for egoiHgFePmeshmpisHahldng @ahuraty afitgaderes i SﬁﬁﬁﬁﬁﬂéPﬁ“ﬁGPn%ﬁ$ﬁ%ses of
clarity of. IO | Ldn-BenanRa that . certain changes and
nDdificatigﬁ§g§%§%§@gkg?g%#énedﬁﬁ}gﬁPn thgﬁg%g e J?Ethe appended cl ai ns.
Accor di ngly, t helapamsegthesrveobindempsrtianevithout imepacimsinddrand-ahsirds faiber at i ve
and not restrictive, and, the invention iis not. tq be limted to.the details
i ven_ her optiralfy! ey Be G e T R O BET NG UG PS5 of  he
appendeyl  Gh@h#B thiee2DODIOAB3 AN PEb/ 2B HE3&EZhar?dbouVhRd angitréing med i s:

21 CLAIMS 1. A nethod for form ng a sem conductor in a dual danascene
structure conpRPREYing? fBishetteh (f eEoxe thiemaliees SbsiaabHBURIERY cyeErdeat e,
havi ng a thE%nconductive interconnect material filling a plurality of
features i t%e’pattern, the first conductive interconnect material having
a non-pl anar ovexdatindemgpkridyeonhe plagh &yezhaving dreingied thiuresenf lpsrtharon

wi t hout inparti nmechani cal stress to the plurality of features, |eaving
a remainin %ﬂ@g$§ﬁ§ﬁﬁpwy pl anar overburden portion 10 having a thickness

of grepfer thanfzehg ANGREERABIRY ] S8verohaR: ABRMzed @Qe@B@8EA S6FEON; appl yi ng
a finish etch to renbve the remaining substantially planar overburden
forming a mask on the subsequent dielectric layer;
forming one or more features in the subsequent dielectric layer; and
filling the one or more features with a second conductive interconnect

material.

20
2. The method of claim 1, wherein the mask layer includes two or more mask

layers.

3. The method of claim 2, wherein reducing the mask layer includes removing at

25  least a portion of one of the two or more mask layers.

4. The method of claim 2, wherein reducing the mask layer includes removing at

least one of the two or more mask layers.

30 5. The method of claim 2, wherein at least one of the two or more mask layers

includes a conductive material.



portion; reducing a mask | ayer, the mask |ayer having an initial thickness
of less than about 250 angstrons; 15 form ng a subsequent dielectric |ayer
on the planarized over burden portion; 22form' ng a mask on the subsequent
dielectric layer; form ng one or nore features in the subsequent dielectric
| ayer; and_ filljng the one or re features wt second conductive

i nterconne®t  ndt&method 5?9?32“’ }F&g"eﬁ%f‘ Fsycioe thy ’5‘?% ﬁyervm%li" FCPRErask | ayer
i ncludes twp Qisk& mask layers. 3. The nethod of claim2, wherein

reduci ng the mask 1ayer includes renmoving at 25 |east a portion of one of
the two or nore mask |layers. 4. The nethod of claim2, wherein reducing the

mask | ayer .i ncl ygdes_ r.enpvi | east _one of the two .or, pore nmask |ayers.
305, The et hod il ahe G aiehaf R Badte bl Y R IRt RIS 2 msk
llayers 5i nebuidasfehftisiduses ol Biatcdal subdtanBallylleeclvatihoeengfiniakai m |,
wherein reducj ng the mask | ayer includes renmoving the mask layer. 7. The
met hod of @paicmof thadheskdpyery educi ng the mask | ayer includes renoving a 5
portion of the first conductive fill material substantially level with a
remai ning portion of the mask layer. 8. The nethod of claim1, wherein
reduci ng t Be maSke heytex dfntdimde svhetdhiaigeinpehe magklayayiecluddsGiehingihe net hod
of claim1, é\?garyei n the subsequent dielectric layer includes a |owk
dielectric al. 10. The nethod of claim 1, wherein forming the
subsequent dielectric layer on the 15 planarized over burden portion

i ncl udes pl anari zing the subsequent dielectric layer. 11. A nmethod for
form ng a 8eni cdhelmsthed dfglaamdy atherrimtscebsequent geglegtac layer includes a

low-k dielectric material.

10. The method of claim 1, wherein forming the subsequent dielectric layer on the

15 planarized over burden portion includes planarizing the subsequent dielectric layer.

11, A method for forming a semiconductor in a dual damascene structure
comprising:
receiving a patterned semiconductor substrate, having a first conductive
20  interconnect material filling a plurality of features in the pattern, the first conductive
interconnect material having a non-planar overburden portion;
planarizing the over burden portion without imparting mechanical stress to the
plurality of features, leaving a remaining substantially planar over burden portion
having a thickness of greater than zero angstroms and less than about 500 angstroms;
25 applying a finish etch to remove the remaining substantially planar overburden
portion;
removing a mask layer, the mask layer having an initial thickness of less than
about 250 angstroms;
forming a subsequent dielectric layer on the planarized remaining structures,
30 forming a mask on the subsequent dielectric layer;
forming one or more features in the subsequent dielectric layer; and
filling the one or more features with a second conductive interconnect

material.



conprising: receiving a patterned sem conductor substrate, having a first
conductive 20 interconnect material filling a plurality of features in the
pattern, the first conductive |ntercoqﬁect mat eri al havi ng a non-pl anar
over burden portion; planar|2|ng the over burden portion mnthout i nparting
mechani cal stregss to the urallt of features, Ie Vi ng ni ng
subst ant i af 1% % f et ! "g"d y’l"eﬂfi‘ EOVRE DR gnagk EH’FEWH ES na}lnageat er
than zero ﬁﬁgﬁ&&qgﬁxand | ess than about 500 angstrons; 25 applying a finish
etch to renove the remaining substantially planar overburden portion;
removi ng a mask | ayer, the mask |ayer having an initial thickness of |ess
than about 250 angstrons; form ng a subsequent dielectric |ayer on the

pl anari zed remai ning structures; 30 form ng a nask on the subsequent
dielectric layer; form ng one or nore features in the subsequent dielectric
| ayer; and filling the one or nore features with a second conductive
interconnect material. 23 12. The nethod of claim 11, wherein renoving

t he mask | ayer includes etching the mask |ayer.



