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BACKGROUND OF THE I NVENTION 1. Field of the Invention

[1] The present invention relates generally to dual
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planarizing features and |ayers in a sem conductor
manuf act ur YR AIAMALSCENE BLANARIZATRON! ed
Art [2] Dual danmascene manufacturing processes are
becom ng nore common in sem conductor manufacturing.
In a typical dual damascene manufacturing process, one
or nore conductive naterBﬁhﬁmmms deposited in
preV|ousU% patterned _trenches and vias forned
ol Andicw 1o Biley H, Pryichiemi apdhoe] M. Took
sem conduct or substrate to formthe desired
el ectrical circuit interconnects. An excess or
over burden port i BAcHGROBNDOR ¢ MevIRTRONAl 15
often fornmed. THE& overpurden portion ol tne conductive
material is unnecessary and undesirable and nust be
renoved both to produce a damascene feature and to
1. pr Bigldjef the Invemfion sur f ace for subsequent processing.
[3] The overburden portion of the conductive materi al
[1] i sThy presaltliyventomvadaes gowrdlyso dsdmiamesatoc semiconatorat e

mant%ﬁgétglggg pgﬂgg%]pé;:n HI%%E ?)gxlp;'ll%ﬁlﬁrly O s hlzqéi% g’lglgwg%t%rm ﬂcﬁ)plananzmg
feat@ésﬁ@%é?ﬁ%ﬁ@seﬁﬁ%dﬁ@{ok ‘&E\auﬁgtuﬁwg AfedsECP processes.

ese processes S sign |cant shortfalls. By
way of exanple, ECP typically has a relatively |ow
t hroughput, poor uniformty and inability to

effectively r conductive material. WO
2. 20bssiptiogio ﬁ%@&rémsso 2 [4] CMP requires

physi cal contact processes which typically |eave
[2] comutalcdame@cerr@gnamé@ctunrmpr@@ﬁ&seé agPaceBliREMEFe ¢qramon in

ar S F %a S, res$ dw non- uni fanlrean al
semxgﬂ%clqcﬁ) manufacturing. a typical dual damascene manuracturing process, one or

more conductive materials are deposited in previously patterned 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.

[31  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.



inability to suitably planarize interconnect and
interlevel dielectric (ILD) top surface. CMP can al so
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del am nation, peeling) to remaining interconnect and

I LD structures. The CMP-caused stress damage is

further exacerbated by the very poor inter-I|ayer
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processes. SUWWARY OF THE INVENTION [6 Broadlyp
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providing a sy and nethod for ana |Z|ng
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the present inventjon can be inplenented in nunerous
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for planarizing a patterned sem conductor substrate
proce§set-udes receiving a patterned sem conduct or

substrate. The pat4erned semnm conductor substrate
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multiple of features in the pattern. The conductive
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sobsiEanucL o, substrate, Ln.a, dual dammscene or gcess-

semiconductor substrate having a conductive interconnect material filling multiple of

features in the pattern. The conductive interconnect material having an overburden portion.
The overburden portion includes a localized non-uniformity. An additional layer is formed
on the overburden portion. The additional layer and the overburden portion are planarized.
The planarizing process substantially entirely removes the additional layer. The conductive
interconnect material can include copper, copper containing conductive materials and
elemental copper and other conductive material. The pattern can be formed on the patterned

semiconductor substrate in a dual damascene process.



3 [8] Planarizing the additional |ayer and the
over burden portion can include substantially
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Pl anari zing the additional 3ayer and the overburden
portion can al so include substantially elimnating a
| ocal, pattern dependant non-uniformty w thout
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porti n can include exposing the top "surface of the
inclualeér bur den portion to a reactant gas such as a
hal ogen. The additional layer is a halide reactant
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the additional layer, form ng a second additi onal
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reiterative process can be an in situ reiterative
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device is fornmed a nmet hod i ncl udi ng recei ving
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an overburden portion that includes a |ocalized non-

The tepffefadivariprogessAan e an in SiafeiPejiEe progessor med on t he
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havihd's bYRR 6 O e A md S M iEn Snditiile SANRKGRM pattern. The
conductive interconnect material having an overburden portion that includes a localized non-
uniformity. An additional layer is formed on the overburden portion and the additional layer
and the overburden portion are planarized. The additional layer being substantially entirely

removed in the planarizing process.

[13] Yet another embodiment includes a method of forming a dual damascene
interconnect structure that includes receiving a dual damascene patterned semiconductor
substrate. The dual damascene patterned semiconductor substrate having a conductive

interconnect material filling multiple features in the dual damascene pattern. The conductive



i nterconnect structure that includes receiving a dual
damascene patterned sem conductor substrate. The dual
wala00as8eee patterned sem conductor substrate he@T/N§2084/007530
conductive interconnect nmaterial filling multiple
features in the dual damascene pattern. The conductive
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damascene patterned sem conductor sSubstrate. The dual
1nterd@mstsemtlp@tha9mhmlesm¢wmgcmbtabdargaﬁgsmermt‘@m@d\ﬁﬁwgcoaducmr

tiv |ntercon ect ., mat.eri fill rrultl
subsiga: i U8 e ane R U Bt spistat B ing Rirengrve
mterb&ﬁn%ﬁﬁﬁﬁt@ﬁﬁlt fillRE %Idh"i’ﬂle Ravir8ginahe QYA dahL SR Ae BAtdrh OThe conductive
I ncludes a 'l ocalized non-uniformty. top
1ntersan1rfeamatand1 lmwrrgambthuodenqiommthamphdcsj@mcmeﬂlr@n -uniformity.

are chem_cal | con rted to rm .an additio
A (OB H18 250 BRPHASOHE OIS BT FORATICAYEromed to form

an ac?d?ﬁo&\f E‘Ig@f‘{)ﬁjﬁﬁ ov@ﬂiu}deﬂ'i)o?ﬁcﬁl PR ZR 1a§re§ean§% &VePBl@ben
ayer I'ng substantial'ly entirely renoved in the
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addifi@imidyen ng(ié/ﬁ[thﬁdeprocm fchh b coginmisd ahtalrthé adrhaining overburden
pl anari zed. [15] The present invention provides the
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BRIEF DESCRIPTION OF THE DRAWINGS

[17] The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.

[18] Figure 1 shows a patterned semiconductor substrate in accordance with one

embodiment of the present invention.

[19] Figure 2 shows an additional layer added in accordance with one embodiment of the

present invention.



in conjunction with the acconpanyi ng draw ngs, and
i ke reference nunerals designate |ike structural
web@aost2s7 [ 18] Figure 1 shows a patterned PCT/US2004/007530
sem conduct or substrate in %ccordance with one
enbodi nent of the present invention. [19] Figure 2
shows an additional |ayer added in accordance with one
[20]€ ”PE%!R’!@ 80w a Eltﬁtanﬁﬁlﬁﬁgﬁﬁar'oﬂ&%ﬁ%deﬁrbortm 40044 B8R &ith one
PCT/US2004/ 007530 5 [20] Figure 3 shows a
embedlhﬁnau&nhalptqsemlavmuon.ver burden portion in accordance
with one enbodi nent of the present invention. [21]
[21]Fi Bibiuge 4A sEb@Wel iBstEbBdvirg ndemonB @ st eghig: process in
second etching process in accordance with one
accogdined Witk rene smboHiangnt o5 BEPIGSAAAYINGIRN. [ 22] Fi gure 4B
shows the substrate having undergone a barrier renoval
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present i nventian. ?@#%&\6 gur e is a flowmhart of the
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i n accordance with one enbodi nent of the present
[23]i n¥egurd dis a flowphar of themetiad Gperetions of praipuminge lopal planarization,
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accordance with one enbodi nent. of th pr esent
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processes to a substrate 1o increase loca
presmllﬁwhﬁbﬁy |n accordance with one enbodi ment of the
present invention. [26] Figure 8 is a flowhart of the
[zs]rm‘ivg% MMV%IP& tROFBEHIBEralbAOG thd Ql'ibn'ﬁﬁhlfc%h%rgl'oﬁ%nd etch-
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backi proesascippli®@{t)] a ftibgtuate t@instvaseslosal sSmifetraity, iimbéaprdance with one
renoved planarlzed overburden portion in accordance
embqgliment,plethe REFSERIFBYANUGE: t he present i nvention. DETAI LED
DESCRI PTI ON_OF THE EXEMPLARY EMBODI MENTS | 281 Several
[26]eingulr98 s effbwdhareefithe mgthod wpetaipo vEeorpicting glopahepn-uniformities-
em an w _be descElbed It will be

in ac§ P%Wl 8n¢ ﬁ%@%dlg}?fl* ot tge PRSERATE O hat the present

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

with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[28] Several exemplary embodiments for an improved planarizing 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.

[29] One embodiment of an improved planarizing system and method provides improved
local planarization uniformity across a local portion of a semiconductor substrate. The
improved local planarization uniformity substantially eliminates local nonuniformities
caused by features in underlying layers and variations in deposition processes. Another
embodiment provides improved global planarization uniformity across the entire substrate

(e.g., edge uniformity as compared to center uniformity).



may be practiced without sone or all of the specific
details set forth herein. [29] One enbodi nent of an
WO prosed’ pl anari zi ng system and net hod provi deGT/US2004/007530

i mproved | ocal planarizati©n uniformty across a
| ocal portion of a sem conductor substrate. The
i nproved | ocal planarization uniformty substantially
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in underlying Tayers and variations in deposition
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the SEReR SRR 04 AR HOTEBMY LSt ToRSon0 R (higessaAEe overburden
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conductive 1nterconnect material 120 at a fairly
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matefigyer 110 near the large feature 102 before the

barrier |ayer 110 near the densely packed features 106
[33]1wi Figutse? ehqyessancpdditipngliayert2Q@ adqqsi ipgiccordance with one embodiment of

the present invention. The additional layer 202 is formed on top of the overburden portion
112. The additional layer 202 can be a substantially planar fill material (e.g., spin on glass
(SOG), polysilicon, polymer resist, bilayer, UV or thermally curable material, or other
material that can flow to form a planar surface and which has the appropriate etching
characteristics). An optional, relatively thin (e.g., about 25-100 nm in thickness) conformal
layer 204 may also be included between the additional layer 202 and the overburden portion
112. The conformal layer 204 can be a barrier layer or an adhesion layer. The conformal

layer 204 can allow a wider variety of materials that can be used for the additional layer 202.



et chi ng process cannot planarize the overburden
portion 112 of the conductive interconnect material.
WO 3@}/o&i2gure 2 shows an additional |ayer 202 apdEUS1004/007530
accordance wi th one enbodi nent of the present
i nvention. The additional layer 202 is forned on top
of the overburden portion 112. The additional |ayer
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or gaseous etch process) can etc
114,t1n6, Bikdir¢ subsadntihy elim2@®dand t he over burden porti on
112 at substantially the sane rate. [35] Figure 3
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in accordance with one enbodi nent of the present
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lLocal Iy planar in that cal riation , 6,
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of oReATmesH ai‘ilﬁlVP%(ecgo’p‘b’é 2, S et (& B 1, (dl2F2rand CHA).
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surface of the remaining copper 112. The other additives can include, for example H2 and/or

rate.

CF4. Either of these processes is can operate over a wide temperature range of between

about 75 degrees C and about 400 degrees C.

[38] The first etching process is an etch process designed to leave the remaining
overburden portion 112' substantially locally planar in that the local variations 114, 116, 118
are substantially eliminated. One or more subsequent etching processes will remove the bulk
or the majority of the overburden portion 112°. A finish etching process can be applied to
continue the etching process to an endpoint at which the overburden portion 112 is removed

from the barrier 110. The finish etching process can also be included in the bulk etch



process paraneters can be adjusted to control etch
rates, selectivity, uniformty and reduce corrosion
WO p@isieevari ati on of process vari abl es such aBCT/US2004/007530
substrate tenperature and i%clusion of one or nore
additives (e.g., Ar, H2, d, 02, CHBX (X =F, d, Br
1), CH2F2, and CH4). [37] Another approach involves a
procéé%u@hﬁgeqqmp[’&:@ﬁs& bEb: ik E Blsﬁ‘retc@lrcaﬁﬁm&%é sréfé'ch%/é’ BSristehoval and
Kr, as the primary etchant o
passn/ammemmambmgdmndmwbImr[ﬁeﬁalzzmm pree¢rtenrrosidal amil pmﬁecstablhty
provide etch rate, control of the addi t onal
for £ r,@é@@ﬁ%&.%ﬁ agitionad opgfglion giiqrihe ipis R ca%ﬁéﬁﬁ%lﬁ&d not to

s OBRA s go ol BuRHiet B bRttas RS Endhic per 2
to prewdht opessidreanaveovide wiatlgity forfentiadr precessinge of bet wee n
about 75 degrees C and about 400 degrees C. [38] The
[39] fi Fdured & Qhdves e QEEHId FO0aAvRIcGhdBfBRES §e&|)%§ leERGh frBcess in
| eave the renmining overburden portion 11
accogdabsd wrthioat Embodiomnt yf qbb arcaentiinventian. The s¢coué Etching process
variationsg 114, éﬁl .are s

contiDfies 0, e POTE e i 0 el b Presse L el osaions
substnlihnl b)L §gigﬂ‘t§ne'bﬁﬁy Hd h%avﬁlrg otnﬁ‘}eth%bﬁfdnt 0% thd'&nductive material

over n port finish etching process can
(e.g-beopapp bopmtr-tmtamnrg al]we amme)mbmatlcmg prdotbscondudive material) that
., €en d: oi nt 8‘% ,V@)? the overburden portion 112" is
fills thy ’2‘“"“31 t € barrier 110. The finish etching

process can al so be included in the bulk etch WD
[40120Dhk¢ G54 26RinREIPIgSPEBYhe 07584 ctcBingmyeesss candehyibefaetinlly similar

or sBRFAES FaRblS LR S BRSSP R g R et
proc@@rf&uletﬁruen%ﬁ{e%éaa&ﬂa%aﬁ f)ﬁcq R SMPRIrd&Ppdrsh @ % aiélto local non-

provi de st for further processing.
uniferddii¢si ddal 16opé8 éﬂ g.ocauatd by faage 1021164, Hibclocastoms rézes and

concy s Sy Bender I ?ﬂ@r'%&ﬂ@ﬁgﬁe%%?gﬁ Apoiisg o the

overb&def Ec‘ﬁ%@ﬁ 1¢® E£r9§é Rhsed 1rpfh@‘fir§jt%tcﬁﬁlﬂgbfn{)bés¥ rcofﬂ&h‘éﬁﬁﬁlr the
processi ng. Fi gure 4A shows the substra

secohdwiching lpmbessgmn&eai m&dnmdree:tebhtlmetplnlng em;:essthat removes the bulk
accor dance w th ne e di sent
of the FRRgPlangh OVEBE rﬁ? m"tﬁ 'ﬁff &15 Ko wheH 106 bagier avn110 is

poi nt such that the barrier layer 110 will be
osed at all | ocati ons substantially sinultaneously

e
t 20 of th
11 aFig et MY i@ HabindlodERoit o hitfier SRSNEL bibtess in
accofdBd Wah oA 8mbedicheat Hethe ?f&ﬁ%@ﬁ%eﬁﬁoﬂahq{dr@éﬂ oft tRdbarrier layer 110
fills the features 102, 104, 106. [40] The first

is rempedd uo@xpmcaesmdanhy:ing sk Gyerd)2e t @il iy prtior e6the darrlge layer 110
that 1sl%orme 1tl21i1n tﬁ/e tseaturesaIOZ, 104, 106 remain. A typical second etching process

expos

removes the bulk portion of the overburden 112 at high rate and preferably with a high
selectivity to the barrier layer 110. By way of example, if the overburden portion 112 is
copper, a halogen - based chemistry (e.g., C12, CF4, HCI, HBr, BCI3) can be effectively used
for the second etching process. In another approach a physically dominant etch process such
as an Ar (or other noble or inert gas) based sputter process can be used. Various process
parameters can be adjusted to control etch rates and selectivity. The various process

parameters can include adjusting process variables such as substrate temperature balance of



or significantly different. By way of exanple, the
first etching process can be an etching process for
WO prosdi26y the [ ocal planarity of the overbur deer/US2004/007530

portion 112 due to local noh- uniformties 114, 116,
118 (e.g., caused by feature 102, 104, 106 | ocati ons,
sizes and concentrations in underlying |layers). The

react?vrlit élpreaeé‘qqﬁ bdcARRIn b or ARae 3l fesRelet TP Atrhﬁe Xe, Ne, Kr,

burden portion 112 can be renoved’in’thé fi

em)etchlng process. By conparison, the second etchlng
process can be a nuch nore sel ective etching process

[42]t hafgubesVvegowdartBo0k 18 meihed ro@émtlmsrtg eHbARAE a local
overpburden 112' to the endpoint e., mhen t he
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I's renoved to expose an underlying mask 1 ayer .
202 fnd the chmdystive oembwilen hertioarld2ein dpeyaion15o, thteisa¢ond$tch process is

faormed wit |nthefeat 102, ., 106 renmnin.
appliegtp &%?OV%E%F?&I%‘PE& Phg H‘%R 89@10“]]8%\9 oty k
portion of the overburden 112 at high rate and
[43] pr &f @ aisnatine @mbadlmegxh opseAties Sl icerya s@inchisegdinishegtch process as

desopfkEiugh s 395%a S aRise RS Py lish SEp U E ey barir

remdval Qnd }f)a@i@atl fghifte rdbdininMcondfelide nfaddtiab €2(R{of 6 ¥dny @bﬁfosmn and
used or the second etching process. |In another

provijeptabalitly fer forther praddssingo mnr?ddttw@@]clpepﬂ’ﬂ@u @ger thgdimishaich process
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various process paraneters can include adjusting

441 PERES P8 PHERs B BRERTbATh 0 rORD G Back processes

applfeﬁd@hlsulﬁstﬁfé%ﬂoﬁtﬁ incaetde 1dval wEf@mi®f ineReordinddarith one embodiment
additives (e.g., H2, 02, Ar, He, Xe, Ne, Kr, etc.).

of th ppaseriguanéios. Figuze 7 umﬂwa@hartsw ofthe methed pperations of the

rations of perfor,mng. a Ioc a
cheriBdsPhistean drt REbTaCE R B PrebTss <) Etalrag B WBincldhse toca
umfdn’&ﬁi@/n 1 RRordhficeOPEN 8hd &bodent ke pdeknt irveation. a)eEhad@2in
is added on top of the conductive overburden portion

Figutel @A, the sulsprete00 dwas B s@hstantiglly new-plapacovegrugdensgortign 602 with non-

e SEBe it AR R B I O ) o
operation 515, the second etch process is

[45] e Relearingeow &nighies §BAnsr b ift ersiatisgy 15omn a@iho% lftyﬁ’é604 is
form%ﬁ%%%lg]gf the overburden portion 602. The additional layer 604 may be deposited or

formed on the overburden portion 602. By way of example, the additional layer 604 can be
formed through a chemical conversion of a top-most portion of the overburden portion 602.
If the overburden portion 602 is copper or copper alloy, then a controlled exposure to a gas
can form a copper reaction product layer 604. One example is a halogen gas that can form a
Cu-halide layer 604. The copper reactant layer 604 diffuses into the surface of the copper
overburden 602 to convert a top portion of the copper overburden 602. Processes for

chemical conversion of copper are known in the art, such as Nagraj S. Kulkarni and Robert



[43] In an alternative enbodi nent, operation 515 can
al so include a finish etch process as described
wW@banes428ubsequent processes after the fini sh PETOSHA$007530
i nclude selective barrier 19enoval and passivating the
remai ni ng conductive material 120 to prevent corrosion
and provide stability for further processing. An
e r
D e P L Rk oL Loy e e, Oy Pehing, and
Planamt ation aif CopperSyloprmahsSEleatrechichscal Sowiety, 4P (140 ﬁiﬁZﬁtGGﬁ@ 2002.
material 120 to prevent corrosion and provide
[46]St &bhddihet ek@hpleliht Raditiphaders 604 can bdddpokit@iLortte @hei®lrden
show a sequence of chem cal conversion and etch-back
portion$0ds Tbe depnsped lagen @drcasindudesa polpoer kaperor@nexide layer being
dance with one enbodi nent

;
depoé?te‘?ﬂ%H'k‘?lroé’g%’hnfé%@?gﬂ?qa@ﬁfrFi gure 7 is a flowhart 700

of the nmethod operations of the chenical conversion
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Subs{gﬁﬁa@yﬁragw den portion 602 I f the overburden portion
iI's copper or copper alloy, then a controlled

[48] F;?gl %ﬁ&%rs@&s of c%?@eﬂc o‘%f’ﬂuﬁdﬁ%ﬁﬂﬁﬁ& oA H 8? H&Eendence of
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comBourfdfoliahtichecah g @pl&ﬂl‘j acHi&@e(tbijﬁﬂlzh%&hé atmpelr ayme (IiQ14=:act1ve
diffuses into the surface of the copper _overburden
Spec 2nteH aqeo ffyQPPET @ufl@ptlcpbmtth@ ANgHENCE [ar BGBIde @ CHoBEqR, pRpBisrsion of

elen%ﬁé],\ﬁgpfrp%% qﬁazg%),?{ﬂo 501%12()?]1@d%k?a000 §¥re1r§5a' ;%Q tQIE oﬁﬁﬂﬁ&é sfale® By way of

ar ni

exanelB G dalfon 20 e &%ﬂ&% cBﬁfUuUS%QQﬂﬁ@@MEﬁ@e (QT1or Coettiof 4t.the
A@pllcatlon of olatlllty D agrans for Low
O

surfaceepe peauy irea cidoyineplekina gt losisy tenmemﬁlafﬁ eg-i A0@fegrees C).
Copper", Journal of Electrochem cal Society, 149 (11)

[491G52te Gﬁ:ﬁ%ac]Z Phess ihvid}es madwioh foé thiexepppt eompdumd to another
addi tional | ayer 604, can gied on the

e de
CheWé‘ro@mRﬂ’éﬁ caple ¥ rbemngolafﬁ%a c¥ing theyirfageaf thgsemaining
over Hg 2 t@t?é t%f%@rsu{)ﬁ e?zﬁur%x Bg%%a%%&aﬁﬁien fhere can be a

e 0Si over n porti
reduction of the CuC12 to volatile Cu3C13 in the presence of reactive hydrogen species (e.g.,

H2 plasma). Alternating the shape—dependenf conversion followed by etch-back of the
converted portion can lead to bulk removal of the copper overburden portion 602, while

simultaneously planarizing the topography (e.g., profile) of the copper overburden 602.

[50] In operation 715, if the overburden portion 602 is substantially planarized, then the
method operations end. Alternatively, if in operation 715, the overburden portion 602 is not
substantially planarized, then the method operations continue at operation 705 above. In one

embodiment, operations 705-715 can occur in situ within a single etch chamber. In an



[47] Referring now to operation 710 and Figure 6C, an
et ch-back process is applied to renove the additiona
wo aye088267. A portion of the overburden porti oPCBHOR2008§07530
al so be renoved. Renovingit he additional |ayer 604
results in further softening (i.e., planarizing) of
the profile of the overburden portion 602 to profile
alG@Gitive @iheod@uerthaiperdtion tldstan ntdua bt situsofl caminclutiég ECD or low-down

fog(%n%lg.F %gocﬁs&P%t? G Oc\alveertfl3 g%mﬁ{%ﬂ 4anar} ngrﬁﬁrgFA%P%Jrgglg {zézd & shown in
Figfle®TL i Vity mrth the copper overburden portion 602.
Operations 705 and 710 can be repeated nultiple tines
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subseqﬂent profiles 606 and 606", as shown in
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subpteade brine BIPoEEd it DRmAYRdAYEE ﬁoeﬁ%ng ipgsyyface agpan ECS can be
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substantially planarized, then the nethod operations
[53Nd. TiA ot ahd/Sktgms désciibeddp Eigates A+V abbbe ddsbrtbe various approaches
over bur den portren 602 i s not subs antially

tosubstantiplwelimingiing 10935 Pattarh dgperfsat 2y m&l&ﬁ% inggevepurden
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u ana can I nc
of the substrate and other non-uniformities that are not localized phenomena.

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

uniformities are substantially eliminated such as through CMP, ECP or the methods and



force CVMP processes to achieve the substantially
pl anar overburden portion 602" as shown in Figure 6D.
wQ 2j/0842¢7 met hod oper ati ons descri bed in Fi gurBGT/682084/007530
can be used as a planar bullk renoval process that
perfornms both planarization of the non-pl anar
over burden portion 602 and renoval of the bulk of the
itk bRl g e e D R OB e s and
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mappi ng technol ogi.es that are known in the art. B
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or conpensated for. The thickness of the very thin
hundred anes ‘PméHh@EFé@We filmcan also be measured within a
multi step process such as within an etch, CW or
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[58] The recipe (e.g., selected values of process variables) that is selected is selective to
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 (e.g., excess

removal of the conductive material 120 in the features 102, 104, 106).

[591 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,



uniformties are substantially elimnated such as
t hrough CVvP, ECP or the nethods and WO 2004/ 084267
wEOAES6e04/ 007530 12 uniformties are subst anCT/ab1094/007530

el i m nated such as through1®€w, ECP or the nethods and

systens described in Figures 1-7 above or any other

nmet hod known in the art. Substantially renoving the
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of a ?r%@# @Ft &#A% etc 1é1%c§]s's rgs‘u t1 %lél gérc%p&)%}er ?e%% 511 @1@ cBlitefof 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.



copper, e.g., a typical selectivity range of copper
etch over barrier etch in these processes is greater

wo ban/ostzeut 1 but | ess than about 3) and that BPET/0S2004/007530
mnimze any recesses (e.g.d4 excess renoval of the
conductive material 120 in the features 102, 104,
106). [59] The finish etch can have relatively sl ow

[62]€t Gy d's@(ﬁ RSrefnah cBARL6R mrth@ﬁest:flﬁuér%ﬁh@ {¥@ntion, the term "about"
over burden portion 902 and the barrier [ayer 110 t

means #f-H0%e Bmy/ay eﬁ@@mplmttbe plresef "ehmurzég deg@es W)mdlcates a range of

2004/ 084267 04/ 007530 , 4, 106 W
betwegn é%g gegfsest and gﬁg"rﬁf?@ f@ﬂ{l 15’S fyriher PPIEFCIPWQ ﬂB"é fhg igstructions
t
repri U6 el i offonk B Hehres!sT, & biofHob ol oA ARMorN f fho order
illusetiel; omickatmilahe pocessmgakepesdnted ycthe dpdatlc'ﬁ’rsenﬁy natlbe necessary to
et ch- back roce%s i ncl udes etch-hac

E of &P ngsk
prachigg Weitnyentar/ awiheh &hq pieraiatseles arbegiin KRS §rain {d¢ean also be
I: f
impB kR 40 B0 dond RO L O L AP RAL B RO, o
hardafisk d@\t&xﬁtaamn;ﬂtelrmr pliadproctsat cone®] wstdm (8.4 aptocessfpatrol
and ILD loss (e.g., any copper recess is globally
systeiA)-f orm across the substrate 100 at the end of the

final etch and barrier renoval processes). In this
[63]i nétlthough thelferegping inventon hesegn idnscltilbdcéirasomﬁ dedaibfor purposes of

ess to etch- b k t he sk nate
clar B P O o i O PR BB o0 Chaes Aoy o mey be
pracﬁ@&p@fthlﬁfgﬁ e&%pe olB&'leW?% erfiibd €23HR) ﬁcccﬁ‘dlﬁ 0&@ r&@ﬁﬁ%nb%dlments

process re the gen concentratlo Fow an
are te bb sbnsdared anjblestadtive eand ot ]_[&WI‘I(?'&V@ and thes&vdnlman ishatitd be limited to

200 degrees C) wl | aip a | ow copper  etch rat

the depils i m;herein, jyuf iy @ﬁmff @?fgmtm the,scope ﬁ%@qqlwée%gﬁthe

Any plasnma feed gas including hal ogen

apm$@%§§%€% species (e.g., CF4, C2F6, CAF6) can be used.
Etch rate control addltlves can include Ar, 02, CH2F2
and others can al so be included. [61] If the gl oba
copper recess and/ or mask/1LD | oss are non-uniform
across the substrate at the end of the finish etch
and final etch-back process, then additiona
variations in the recipe nust be taken to correct for
the gl obal non-uniformties. By way of exanple,
typical instances are a result of etch non-uniformty
are described as center fast or edge fast etch rates.
In either of these instances, can result in a
variation in copper recess and/or mask/ILD |oss
across the substrate. Conpensation can be achieved to
counter this variation to obtain globally planar
features with mniml copper and mask | oss utilizing
appropriate uniformty 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
| arger copper recess in the center of the substrate
waeaw4log26pnpensat ed for by an edge-fast final epCTOSHaEBO7530
process which selectively 18tches the mask material to
bring to the same | evel 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 uniformty control include
thPlrisef'lﬁﬁﬁe‘?fis.I enperature variation across substrate, ion
ux uniformty controls, gas concentrations and
chanmber wal | tenperature. (@§ihgfions to contro
selectivity include reactive hal ogen species
concentration, substrate tenperature, and bias power.
WO 2004/ 084267 PCT/ US2004/ 007530 14 [62] As used

1. herghRiod fePPBREZR ] YittefnddNenitnandtbt Jubsirab cbRBrising:
i nvention, the term "about”™ neans +/- 10% By way of

ex L ! i i J
 anaei e b B PRAGetr S AR RGR cpd ioh (P g e
mateidl ifillbes 4 plutabiey ofafepiuessiia tiethattea, tHeh@ndusive stefooRfect material
represented by the operations in Fi%ures 5 7, 8 are
haviggan ogeibprdsa PeBimaymefadepalized Rop-HalybE
illustrated, and that all the processing represented
by fomsng pe pddifions layayomthte dyerbuedsegwation; ind pr acti ce
the invention. Further, the processes described in
Fi glanafizibg the @idétichaCaneraind ohdeverburpéepatibe,hé Bdditional layer being
software stored in any one_of or conbinations of the
substamtially petizRivEmeYedin tha Pn#iARE BIOCES. of a conputer or
m croprocessor control system (e.g., a process contro
system). [63] Although the foregoing invention has
2. bedmeaesigsd Sedhinl , SaHEeeifl ?Iaﬂhﬂiziflg? fheidaRBaS]aOdr andlltid beyburden
of understanding, it will be apparent that certain
portipmanejudesanbstanslly ictminaing atagal inpatteyy dependrad nop-unifernite
scope of the appended clains. Accordingly, the present
enbodi nents are to be considered as illustrative and
3. Notrheesdifdddft8m BRehetdif plani@iht e 4dditidahl hferR@d the overburden
limted to the details given hérein, but nay be
portipndhélindas swbstimitially lsbiminating adoachl.aupticanadepen dand hon-heiformity without
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4. The method of claim 1, wherein the additional layer and the overburden portion have

a substantially 1:1 etch selectivity.

5. The method of claim 1, wherein the additional layer is formed substantially planar.
6. The method of claim 5, wherein the additional layer is a substantially planar fill
material.

7. The method of claim 5, wherein planan'iing the additional layer and the overburden

portion includes etching the additional layer and at least part of the overburden portion.



1. A nethod for planarizing a patterned sem conduct or
substrate conprising: receiving a patterned
wa@eowmosnduct or substrate, having a conductive PCT/US2004/007530
interconnect material fillilfag a plurality of features
in the pattern, the conductive interconnect materia
having an overburden portion having a |ocalized
no t fon [
B B O A MR e R 3 Dfpose a barer
lmmfﬁyﬁmdamdmﬂhﬂnnwdﬁ@ummen portion, the additional |ayer
being substantially entirely renoved in the
pl anarizing process. 2. The nmethod of claim1, wherein
pI t
9. DortE SN L Ser i Rorm il ol T 86 e Ofourden
poﬂmtlhdﬁdi‘es depeivdAn tomentinga foprsoifhee and.a (dh poﬂmnm‘fdheaéverburden
claim1, wherein planarizing the additional |ayer and
portide overburden portion includes substantially
elimnating a | ocal, pattern dependant non-uniformty
W thout inparting nmechanical stress to the plurality
10. of Theatetidisof cfaim¥) evivedih okernitally @nveding\attep elhrlﬁadehlﬁd a top portion
additional |ayer and the overburden portion have
of theigystharden ortjomingludesexposing ¢hq top syrfacs of thesovashuiden mrtlon toa
ramgﬂglgll wherein the additional l[ayer is forned
%?antlally planar. 6. The nethod of claimb5,
wherein the additional layer is a substantially planar
fill material. 7. The nethod of claim5, wherein
11. pl diha meZthg)ftoﬂmmaHU wthieesim the | reagéant garols ethalagerr bur den
portion includes etching the additional |ayer and at
| east part of the overburden portion. WD 2004/ 084267
12. PCTALSLAH Q123010 Whefin TRedIROANDaRr i€d BhllBe feactant product of
further conprising a second etch process to expose a
the doartirden pdragrer fornmed on the patterned features. 9.
The method of claim11l, wherein form ng the additiona
| ayer on the overburden portion includes chemcally
13. CORVEdiG &% JAR, $ WHAGH pﬁlﬂgnﬂn% fHe a@@ftfo‘n@lnla%r anB®he overburden
overburden portion. 10. The method of claim9,
porthmencﬂust@hfhmg:mb layiditionaldayer agd at leasppantiof ﬁnce)valrbdr@ntp@plon
portion of the overburden portion includes exposing
the top surface of the overburden portion to a

14. " ARE YU RPGY-claim 9, wherein planarizing the additional layer and the overburden
portion includes a reiterative process including:

etching the additional layer;

forming a second additional layer; and

etching the second additional layer.
15.  The method of claim 14, wherein the reiterative process occurs in situ.

16. The method of claim 1, wherein the conductive interconnect material includes

copper.

17. The method of claim 1, wherein the conductive interconnect material includes

elemental copper.



11. The nmethod of claim 10, wherein the reactant gas

is a halogen. 12. The nethod of claim 10, wherein the
wadaunsaeal | ayer is a halide reactant productPOf/US100€007530

over burden portion. 13. Thd7nmethod of claim9, wherein

pl anarizing the additional |ayer and the overburden

portion includes etching the additional |ayer and at

| east part of the overburden portion. 14. The nethod

of claim9, wherein planarizing the additional |ayer
18. andht heetipndeofjaiceh, wipsein itherpattam is dermned angthe pattgrnedesemiconductor

I ocess ip | udi ng: etching the additional |ayer;

substigierdf A¢tua BHTRIATSPonal | ayer; and etching the

second additional |ayer. 15. The nmethod of claim 14,

wherein the reiterative process occurs in situ. 16.

Th .ho L ai r.e] . tive
19'in?%%%%%ﬁéé¥&%§?@?$§%“F§@§&gégh&ggﬁﬁ $. 7. The net hod

of claiml1, wherein the condyctive interconnect .

et IVATE § e eiels TP iR RSBV INGS SGHF desigreomnect
matég\ﬁgil ‘rﬁel : {é&%gﬁgfreﬁt%?? ]n§ glre-r?égelgﬁﬂ’{%%gngtgctﬁﬁg ?I?Itgf'é:%nnect material
haviag ah oentiucien portrmlistvingtadocalized dorabnidemEscene process.

19. A sem conductor device formed by a nethod

COMEigs BB addig6] Ydyeg ol tHRave®uRRE pdenens anguct or

substrate, having a conductive interconnect naterial

filldd . . i t .1 .

comerr e B addis Qe SO SRrb Rl fortah B MUHOR layer being
subspmtibil penthralyi mmosed mcthé plaedtiziomnpronessor m ty; form ng an

addi tional |ayer on the overburden portion; and

pl anarizing the additional |ayer and the overburden

ory | L1 . bej ] M

20. gn fA? fngtfﬂ?dto? ?oﬁﬁgé IL dﬂﬂ%aﬂa?éaétﬁé 1@%8&60%&1&&9 Eé@bhé&ng

re renove n the planarizing process.
R aRe BT SR R S BB RSB e o conctve

intet@8hdesf ﬂﬁféﬁﬁpﬁilﬁg RGaRly T¥OiEAinahe DaMI dAtha8ccn PatshI the
i nterconnect material filling a plurality of features

condugtivé$intatca@inediamaist elnevppgtanarvarbutdes portion having a localized non-

uniformity;
forming an additional layer on the overburden portion, the additional layer being

formed substantially planar; and

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

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

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

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

chemically converting a top surface and a top portion of the overburden portion to

form an additional layer on the overburden portion; and



conductive interconnect material having an overburden
portion having a localized non- uniformty; formng an
wadaunsaeal | ayer on the overburden portion, tPET/US2004/007530
addi tional |ayer being fonsed substantially planar;
and etching the additional |ayer and at |east part of
the overburden portion to substantially planarize the
ov grahmﬁﬂﬁg tHOIdditRfhal 1ta§fe°r aad et dx@ﬂﬁirdérﬁy&ﬁo}? %é‘ Qddfitional layer being
stantially entirely renoved
SUbSf&Dﬁ&hlm@}ltae]du@mod@mSh@nlanmm@ p:lomse,clhe plahaﬁtmg @rocess includes a
risin ceiving a dual damascene patterned
leuﬁgﬁggggﬁﬁﬁgpgﬁggﬁbstrate havi ng a conducti ve
|ntercog@gﬁ@tﬂgg@ﬁﬁ@kdfggj|ng a plurality of features
in the dual “damascene pattern, the conductive
|ntercoﬁnnnngwaﬂmndadmhamﬂhgeamndverburden portion
having a localized non- uniformty; chemically
conver t éfefing thOfecshd ﬁcﬁﬁ@mﬁpm é&.top portion of the
over burden portion to forn1an addi tional |ayer on the
over burden portion; and WO 2004/ 084267
PCT/ US2004/ 007530 18 planari zing the additional |ayer
and the overburden portion, the additional |ayer being
substantially entirely renoved in the planarizing
process, the planarizing process includes a
reiterative process including: etching the additiona
| ayer; formng a second additional |ayer; and etching
t he second additional |ayer.



