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I NVENTION 1. Field of the Invention [1] The present invention relates
general |y tovdae g dsfascene sem conductor manuf act uri ngP@ProLeE8es30 and
nore particularly, to nmethods and systens for planarizing features and

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

Rel ated Art [2] Dual damascene nmanufacturing processes are becom ng nore
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manuf act uri ng process, one or nore conductive naterials are deposited in

previously patterned tr h i i ] uctor substrate
or films formed on the M'r@mgmgﬂéﬁémg%ﬁgwey red
electrical circuit interconnects. An excess or overburden portion of the
conductive material 1is often fornmed. The overburden portion of the
conductive material is unnecessary angl, in@gsirable and nust be renoved
both to produce a danascene feature and to provide a planar surface for
subsequent pr ocedgikang P- [-ghokyite Aagiswdy fdey %ﬁpﬂiéﬁe@mﬁw ogldueas ve
material is typically renoved fromthe sem conductor substrate through
chem cal mechanical polishing (CWP) and el ectro-chem cal polishing (ECP)
(e.g., etching) processes anBacwroetn onsriof [[OVENaIGNECP processes. Each
of these processes has significant shortralls. By way of exanple, ECP
typically has a relatively I ow throughput, poor uniformty and inability

to effectivyely ¢ v - ductive material. WO 2004/ 084267
PCP/ US2004 DO?SQ%{ED%q?QW&Rﬁ’QI?eqUi res physical contact processes which

typically kﬁ avel“i'(z:eopr}gs%%ttimr/e%ti%r? %él&gsegse’nerally to dual damascene semiconductor

manufacturing processes, and more particularly, to methods and systems for planarizing

features and layers in a semiconductor manufacturing process.

2. Description of the Related Art

[2]  Dual damascene manufacturing processes are becoming more common in
semiconductor manufacturing. In a typical dual damascene manufacturing process, one or
more conductive materials are deposited in previously patterned trenches and vias formed in
a semiconductor substrate or filins 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.

£3] The overburden portion of the conductive material is typically removed from the
serniconductor 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,



or cause corrosion of the various materials, or result in non-uniform
renoval , and the inability to suitably planarize interconnect and
interlevel dielectric (ILD) top surface. CVMP can al so cause stress rel ated
damage (e.g., interlayer delam nation, peeling) to remaining interconnect
and | LD st rudPdrEds+the CMP-caused stress danmage is furtPErUSREO8TBAt ed by
the very poor inter-layer adhesion charfcteristics of the nore-recently
used materials. Reducing the physical force of the CVWP process to reduce

t he physical stress can often result in unacceptably |ow throughput rates
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are described below. [7] One enbodi ment includes a nethod for planarizing a
patterned $&mM chndebbdthe faufshd, Alege isNGletdiVS af BEEHWINTanArifak b8 laneshd
sem conduct or, subst r at The patterned senicqonductor substrate having a
conduct i ve”i‘eﬂfoéi R BRFEELY Hdsabitantialy femong oriibure ratetal whalsmipigding t he
pattern. dysmngw@g foMe ﬂeﬂ]taﬁlﬁlf'gqgﬁlﬁf%g ml%mléded ??a\ﬁhlfbgn@éysﬁﬂlein@%ém portion.
The over bur ortion includes a localized non-uniformty. An additional
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mat eri al carocessed ude copper, copper containing conductive materials and

el enental copper and ot her conductive naterial. The\Pattern can be forned

[6] Broadly speaking, the present invention fills these needs by providing a system and
method for planarizing a semiconductor substrate. It should be appreciated that the present
invention can be implemented in numerous ways, including as a process, an apparatus, a
system, computer readable media, or a device. Several inventive embodiments of the present

invention are described below.

[71 One embodiment includes a method for planarizing a patterned semiconductor
substrate includes receiving a patterned semiconductor substrate. The patterned
semiconductor substrate having a conductive interconnect material filling multiple of
features in the pattern. The conductive interconnect material having an overburden portion.
The overburden portion 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.



sem conductor substrate in a dual damascene process. WO 2004/ 084267

PCT/ 1752004/ 007530 3 [8] Planarizing the additional |ayer and the

over burden portion can include substantially elimnating a |ocal, pattern
dependant non-uniformty. Planarizing the additional |ayer and the

over bur den p¥PEHEAR%EAN al so include substantial ly elim ne@i/vggoengeal
pattern dependant non-uniformity wthout inparting mechanical stress to
the plurality of features. [9] The additional |ayer and the overburden
portion can have a substantially 1:1 etch selectivity. The additional
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reiterative pro ess that includes etching the additional |ayer, formng a
second add?”tCF | ayer, and etching the second additional |ayer. The

reiterativ rocess can be an in situ reiterative process 12] 1 n anot her
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a halide reactant product of the overburden portion.

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

The reiterative process can be an in situ reiterative process.

[12] In another embodiment, a semiconductor device is formed by a method including
receiving a patterned semiconductor substrate. The patterned semiconductor substrate
having a conductive interconnect material filling multiple features in the 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



and the overburden portion are planarized. The additional |ayer being
substantially entirely renoved in the planarizing process. [13] Yet

anot her enbodi nent includes a nethod of form ng a dual damascene

i nterconnect structure that includes receiving a dual damascene patterned
sem conduct owo suhstzat €. The dual damascene patterned serm/cQmNawetser
substrate having a conductive interconnect material filling nultiple
features in the dual danascene pattern. The conductive WO 2004/ 084267

PCT/ US2004/ 007530 4 interconnect material having an overburden portion
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a

substrate. scene patterned sem conductor substrate having a
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damascene tern e con Ive “inteéerconnec avin

over bur denimpatdrinest strthéttirel that insdless @cdi m@glaldneldiammnmpafttenm chmcodﬁu'ckop surface
and a top rtion_of the overburden portion are chem cal verted to
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substantially entirely renoved in the planari zi rlllg process. The planari zing

process i nwlt%mgctanat@‘raﬂ Barg seovpitgEdes $ortienthat Hisludereslocalizeh neryUpifRamity.
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and advant ggesi-afg frb&sd. NiRHliranzing bﬂoc&@ﬁ@[@iz%&ﬁﬁﬁﬂveﬁﬁmi fh&t includes
etching the additional layer, forming a second additional layer, and etching the second
additional layer. The reiterative process can be continued until the remaining overburden

portion is substantially planarized.

[151 The present invention provides the advantage of minimizing mechanical stress while

substantially eliminating localized non-uniformities.

[16] Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,
illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

171 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.



foll owi ng detail ed description, taken in conjunction with the acconpanyi ng
drawings, illustrating by way of exanple the principles of the invention.
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 17] The present invention will be
readi |y understood by the follow ng detailed description in conjunction

w th the accefrgapi4e’ draw ngs, and |i ke reference nuneredgustesiogriate | i ke
structural elenents. [18] Figure 1 shows a patterned sem conductor
substrate in accordance with one enbodi nent of the present invention. [19]
Figure 2 shows an additional |ayer added in accordance with one enbodi nent
of the pr égﬁnt Figmmamhm a SWBtR0aNY DI8H2 67crPCTAUSRTOO4n00FE3Mice Bith208 Fi gure
3 shows a su qJé anar Qverburden portion in accordance with one
embodi nent %i°° lﬁgnL? H?“?ﬁv%ﬂiiBn [21] Figure 4A shows the substrate
havi ng und on second efchin ocess .in accordance with one

erboat ment 66t GV ES S Th e R o e s SHTGUE IS Bust r at e
havi ng UndQ&Qﬁ@ﬁc@whﬁbﬁé&ﬁ&ﬁﬁﬁ&ﬁ@kﬂ@rﬂﬁﬁﬁ%ﬂhﬂumﬁccordance with one

enbodi ment of the present invention. [23] Figure 5 is a flowhart of the
net hod operadii 0BEuRf 4PQIAQ A NPstid PSRl uﬂhégélfe'aztﬁhﬁé?”emodaﬂ RBELPfdance Wi th
one enbodi nent of the present invention ] Figures 6A—6% show a sequence
of cheni calcesdnpes with Anagiabasiaent bhdr P{?ﬁ%@@@@ﬂ applied to a substrate to
increase local uniformty, in accordance with one enbodi ment of the

present i ny&Ht i Bigurd P8 flewghaeofhe method ppwriras of piformgmdoévbplanpizrten. ons of

the chem cg), %81@1\5%;3%181 n%%%b%&%%m&‘gﬁe AR SN E N Jp2PPl1ed to a substrate to

i ncrease Ioc enbodlnent of t he
pr esent |nY eratlon of
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t he presentapplizd@nt buBdtirate to increase local uniformity, in accordance with one embodImenL of the

present invention,

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

embodiment of the present invention.

f26] Figure 8 is a flowchart of the method operation of correcting global non-uniformities

in accordance with one embodiment of the present invention.

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

with one embodiment of the present invention.

DETAYLED 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.

{291 One embodiment of an improved planarizing system and method provides improved
local planarization uniformity across 2 local portion of a serniconductor 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).



[27] Figure 9 shows a substantially renoved, planarized overburden portion
in accordance w th one enbodi nent of the present invention. DETAILED
DESCRI PTI ON OF THE EXEMPLARY EMBCDI MENTS [ 28] Several exenplary enbodi nents
for an inproved planarizing systemand nmethod will now be described. It

w || be appawentiitpizéhose skilled in the art that the prEsS@N200400E6t i on
may be practiced without sone or all oft the specific details set forth
herein. [29] One enbodi nent of an inproved planarizing system and net hod
provi des inproved |ocal planarization uniformty across a |ocal portion of
a semi condudior Fgutssh shatve a pittencd sepricoudetdroulstratel [@har a dedl idamameriefpmmst y

subst anti al.l m_nat.es. | ogal formties a sin
under | yi ng i écfglr 4" Enc Ehv%{]re id O%W?“P#q e SSEPE‘PB?{I“BPoﬁ%%‘%’éXWA@ cen
enbodi ment ppt@rddte pait OPhe vedicghddal maheaatigairodss 4h bos Hheﬂ)ﬁarﬁé‘sl’c@ﬁs t he

entire substratg‘eﬁféeg% , edge uniformty as conpared to center uniformty).
WO 2004/ 08456 apesfig %mﬂo@%sw b@Sﬁ%éﬂPﬂfﬁ?@&wuw@%w A hsgrhsaptpd o

sem conducwad%ypﬁﬂ%a&ﬁnéa% {sPlaRd Whdlre @@7@?%0 CRECHDVACEES a shBACHAkHBRACE Wi th
one enbodi nent of resent 1 nvention he substrate’ 100 has been

patterned aslapsfeatige lﬂﬁéﬂ%@h’ﬁl@bﬁwﬂ% &80 thalus desely Ph@(ﬂéﬂ@@éﬁs Abetieas a dual

danmascene n S e
substrate %% H_Pﬁééﬁlgcfj n&?lr a({' (e)ﬁ%%%m I %@%ﬁges&gp ’P%Mgae&%gegt Rk i Egatr)llﬂl(l;{et ed
f eat ure 102utsatgl00 dir esvmbyuctive dnteredmedt maatatuhl 2er Thecomdutiite mtmso;hratted feature

104 and sever al atu es 106 that are densel acked together. A barrier
| ayer 110 P?teélla}s{?% Cﬁ‘& BEEECT FHEPRFA A PN Of Or]*&!/ “dgﬂtﬁ’elr’%af?r\fgi cally a different

mat eri al tgﬁi t he bstrate 100 or. a conductive interconnect materi al
d

1.20. The ubt P% wﬁ%?%whé@tof thretoBfICHre PHUCUBACHHRAEED pet e387 9% opper

al l oy or othee uegaduet iye IU@tl%hﬁ’tll1nclh§édcoﬂ€'sp@ﬂ<ﬁﬁ§’}Hcgl%dﬂ%étloﬁg1134121(9f the
conductive interconnect material 120 extends above t features 102, 104,

106 and i nélladkiclnspy ddpordihigdanawaiande Hashatn. 6@&1};@41’,%@@6102 hagig i n
thi ckness 951&%%&391%%1?@ £‘81%a qf EHeQﬁc,I&Pegs filite f\{%?oc dﬁeéltsp'sé,ﬁ(i#%pg%ﬁ oI éﬁrtge]‘OZ

has a correspon arger ECI' ease | n e ov
portion 1lﬂleamakm|ﬁ¢mnedo4 ovhi¢thers aggHtigrsmbatvarigichQd ,thiumieszi”ofhiaiswarbsidcg htly
smal I er Var I ?& Iﬁetdghs% ynp%%lsed()fgﬂllglgse 16%"%5? g:rsoqgewhat increased thickness of the

overburden portion 112,

[32]  Typical etch processes etch the overburden portion 112 of the conductive
interconnect material 120 at a fairly uniform rate over the entire wafer area and therefore the
typical etching process will expose 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
etching process cannot planarize the overburden portion 112 of the conductive interconnect

material.

[33] Figure 2 shows an additional layer 202 added in accordance 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.



portion 112. The densely packed features 106 have a sonewhat increased

t hi ckness of the overburden portion 112. [32] Typical etch processes etch
t he overburden portion 112 of the conductive interconnect material 120 at
a fairly uniformrate over the entire wafer area and therefore the typical
et chi ng pr oc¥8s044{0B426expose the barrier layer 110 near tPEriswig@otdat ure
102 before the barrier layer 110 near the densely packed features 106 wil |
be exposed. In sum the typical etching process cannot planarize the

over burden portion 112 of the conductive interconnect material. [33]
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sna orﬂaaseous etch process) can etch both the additional |ayer

(e.g.

202 and théI%Jé§ P derruptrttiabnciadage. substantially the same rate. [35]
Figure 3 shows a substantially planar overburden portion 112' in accordance
with one &bodiiBital sribenwy Jélg@lﬁ@ condifiops thahororde adsectehwslosddmticbyran | ayer

202 forns 1oy B ers 100,
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allow for tuning for the desired 1:1 selectivity. Although any plasma feed gas producing
reactive halogen radicals can be used, CI4, C12, and HC] are typical examples. Various
process parameters can be adjusted to conirol elch rates, selectivity, uniformity and reduce
corrosion include variation of process variables such as substrate temperature and inclusion

of one or more additives (e.g., Ar, H2, Cl, 02, CH3X (X = F, Cl, Br, ), CH2F2, and CH4).

[37]  Another approach involves a sputter dominant etch with Ar or other inert gas such as
He, Xe, Ne, KT, as the primary etchant of the copper overburden portion 112 with other
additives to provide etch rate control of the additional layer 202 and passivation of the top
sutface of the remaining copper 112, The other additives can include, for example H2 and/or
CI4. 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



114, 116, 118 are substantially elimnated. [36] A typical recipe wuld

i nvol ve conditions that provide a 1:1 etch selectivity between the
additional layer 202 and the overburden portion 112. By way of exanple, if
the additional layer 202 is SOG and the overburden portion 1.12 is
copper, therwa?2malodgen (e.g., Cd, F, Br, |) based chem BtT/yspeawisdes etch
rate control for both the SOG as well & copper to allow for tuning for
the desired 1:1 selectivity. Al though any plasm feed gas producing
reactive hal ogen radi cals can be used, CF4, Cl2, and HCl are typical
exanpl es. VYarceguSubjeromepociarsatfitet e sinchntchearngiiudé etectioe bantnrahoed eld
rates, selectivity, unifarmty and redu corrosion include variation of
brocess vartabieas LECHRER"E (e PAE IR LB A ORET AY BB or
nore addi t ifesrike pheessiVg, All2addidonal Geradidaftet eFinfsh fdh caBbe ddslgnePhidfe, and
CH4). [37].  Anot her approach involves a sputter dom nant etch with Ar or
ot her i ner tiggdisan{yormgy anpanatoral bigonlyrassivaie thpeenppining egndteisanaterist 13he

copper oveq@&&QgQC&gﬁ&hqﬂd &%k%ﬁ%%%9§ﬂ§@mﬂ@9ﬁb&kﬁﬁ% to provide etch rate

control of the additional layer and passivation of the top surface of

the remaini 3 99%9%r4%s’|h%ws HQ%LIB&HE?JIO%%%&BE Eﬁéer%o%g aisgccolnﬁg{%hinfc%ocg%%wl e H2
and/or CF4.""Eithher of these processes is-can opérate over a w de
t enper at ur ecovaihges with betavedimeabofrte pEsae greasonCTandecabd etchid@Prodesgr ees C.

[38] The first etchin rocess, i n _etch pr.oce desi gned .t.0o | eave the
Fommi ni ng COUBPEUPABAEBIE o U 3 R (AR | AT b eRTT) “BIEREOM that the
| ocal vari afis@ngalllsdnullboushlBd mﬂfﬁlgs)u@&hea]ﬂﬁi;i@{ 120 &lthedRatide nfdgaor nore
subsequent etching processes will renpve the bulk or the mgjority of the
over bur den b §9PBH: qopper-coplafiing dloveendhonyinstioweand et cpadughipt Palgrigipthat
continue thgs gLeline RPOERS$04.0 an endpoint at which the overburden portion
112' is removed fromthe barrier 110. The finish etching process can al so

be incl udegghn : Lef o 4 PCT/ : REQcess.
Subsequentg%?oczgfggH%§¥@%ﬁ?ﬁ%g?%ﬁ?%%Qgégﬁ&ggﬁgfﬁ%?g%@&ggggég%g%& arrier
renoval andrsigaSsintatiffsgnt. gy weyrel axamglecthn dut tickiog petcessicah bd 20etttongpr event

corrosi on and g%gyid%wst éﬂi;%kifqr gHrthe‘ @roce.sin%1 % ?% '%jgna
oper ation BRERF EARPR IR Bblianay oL Me R GHBE ROTE 012 CRURMFRLNT Iy
renove anyufedigitieall 1Hul6,ankye passkapdyeeithe 102MmiNi 05goeRdds sizbvadnat eri al
120

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, planar overburden 112’ to the endpoint {i.e., when the barrier layer 110 is

exposed).

[41]  Figure 4B shows the substrate having undergone a barrier 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 the bulk portion of the overburden 112 at high rate and preferably with a high
selectivity to the barier 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 subsirate temperature balance of



to prevent corrosion and provide stability for further processing. [39]

Fi gure 4A shows the substrate 100 havi ng undergone a second etching process
in accordance with one enbodi nent of the present invention. The second
etching process continues to an endpoint such that the barrier layer 110
wi || be expo&edowsgbl | ocations substantially sinultaneousiyosantst eavi ng
only the portion 120 of the conductive “mterial (e.g., copper,
copper-contai ning all oys and conbi nati ons, and other conductive material)
that fills the features 102, 104, 106. [40] The first etching process and
t he second refcdis spgcipy, aseslusian ocbenesuhstraniditalel Y. &) W2, 1GY, Ardie, SegNeflicant | y
different. By way of exanple, the first etching process can be an etching
process foret‘%nprovi ng the local planarity of the overburden portion 112 due
to local ngon-. upjformties 14 caused by feature 102, 104,

116, 11 . g.,
106 | ocati ofd, &lgpeesd sadlovehiEO% &éfewwg f&gpe?m@a%meﬁ@mna%é#%a The entire

addi ti onal !la%%@iaugzggn Q&guﬁn&%ﬁﬂ & cﬂfboﬁzlﬁ%nt SMEE PUEALR VAR ﬂf‘oﬂe;s%oﬁan be
renoved in‘the first etch |n&%frocess By conparison, the second etching

process caﬁohéhaaddu@malrf@y@ s@gdadvan tep @ﬂﬂlﬁg}f@ﬂ@@@welﬁ)h@?n petiow é82-tlhe bul k
of the r en%é%l%f 9! 51"1@?1 st %’i‘éﬁgﬁ%‘dés?i@z]\p%é@d {0 r%né%eth aj0 1't)ﬂc5f thd %a%étionmg the

barrier |ayer ure e su rate aV|ng
under gone 302)amdthecorrdemaalveqbnndemprsrtmm1lhd@@pdanme51\&1, the senoed ewbodicesnt  of
t he present ention ortion of the | 110 is renpved to
expose an GPRJ? 3/3 eH@Vﬁﬁ?kQ’Pﬁ%E 4 md@]?‘if“?rhéﬁpg’rﬁ/wpw ‘the barrier |ayer
110 that formed within feat ures 104, 106 remli i cal

second etcm%ﬁg B’r@é@%@dt‘Ye&?ﬁ?g%‘mﬂﬁ@pﬁﬁ “Pé%ﬁd%afl PlSA ingfude gdin 50&141‘8%/‘ #1.2 at

high rate a&@npéaeafb@rf@t&%se@u&m p@oceesgbafze%aie%ﬁéhvetéwcah@hcida@ sQadive Bhrrepyer 110.
By way of exanple, if the overburden portion 112 is copper, a hal ogen -

based chenfeuqyl gnd ngssivagngthe craainipgeondaptiie MBI 2¢ wrrevshedaesionged y used
for the se 1%@%6%%18”{ ng)é ﬁh%&e@gces&h‘ aﬂf?tagkg 101%?9;5&9&%9 aﬂerptﬂ%( ﬁh%ﬁls 8?( gggggsnant

etch proce S suc r ot e orirnert ase utt
process capanie dmgnhd vard @gxﬁflqanﬁ}tm\/c pay mmetlérbemt craynpdmewatd]t}usmmdl_nt:rg control

etch rates and sel ecti XE#% The var i QuUS ‘iPC{ ocess . Er grrﬁ{l ers.can | ncl ude
adj usting f)? UEES A TAant 'S PSR Q58 tihatG RiPE Yt éﬁ@ PAPUME R AR o WO
2004 42 2004
004/08 6?44?Crléigusle A/G%Os 1%\%% sequence of chemical conversion and etch-back processes
applied to a substrate 600 to increase local uniformity, in accordance with one embodiment
of the present invention. Figure 7 is a flowchart 700 of the method operations of the
chemical conversion and etch-back processes applied to a substrate 600 to increase local
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.

[45] Referring now to Figures 6B and 7, in operation 705, an additional layer 604 is
formed on top of 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 ot 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



9 reactive species, and inclusion of one or nore additives (e.g., H2, 02,
Ar, He, Xe, Ne, Kr, etc.). [42] Figure 5is a flowhart 500 of the nethod
operations of performng a |ocal planarization, in accordance with one
enbodi ment of the present invention. In operation 505, the additional

| ayer 202 isWAGHHESBA’ t op of the conductive overburden pBEFYVISHMKITEO | n
operation 510, the first etch process i’ applied to remove the nmajority of
the additional |layer 202 and the conductive overburden portion 112. In

operation 515, the second etch process is applied to renove the remaining
over bur den Tpbtetiofin“Anicatian af Velasifighpliagmarms fajow FeraperaieePndittives. enbodi nent ,

operation al L NG LN t r Gl bove.
Subsequent TeaiieRef Soplhi" diinft of BIBRHER el AR 30 %) RERES 0P ey
removal an assj vati ng. the renmainin n ti mat erjal . 120 t o .prevent
corrosi on iﬁ@ %}%@ﬁ&%g§¥%§%ﬁ$¥@dt%P%H%%{ﬁ%f“ﬁ%%ég%%ﬁﬁgﬂlt%Og%§F9%bna

oper ati on abtten doheThe dippbitdtighr prdoeasscludaobend &sboned oRdk ldyer being
significant|y renove an terial but only passivate the renaining
conductivedﬁéﬁ@?@%ﬂﬁﬁﬁﬁé?g%ﬁ?@¥€ﬁﬁg@%rrosion and provide stability for
further pr?%ﬁssin%ﬁr [ 44] Fi gures_6A-6D show a sequence of chem ca

conver si on [4Hd BEERIMRR (5ropeaieesl0 RPT Ot g che PRESS BUEPEY Pncr ease
l'ocal uni f orfiddeltne acm;@&gﬂag@@@@ NighflioQ r&?th%rma%@@méo 108 66 RaPRISSENT
invention. Figure 7 is a flowhart 700 of the neth d operations of the
cheni cal cowefedi Bamaridg dreclddiiand lgyeo@Egsndts apptthedofioning Gebglenaiznm’ o0 to

i ncrease | unkformiy, . in acc €.\ e e i

prosont 1 norpF 3tk Thbted RoBEF BOLANGUHIG. I CFPARE SB0bnEly fiens
subst ant i aklieyonoorsplf sirarveueich yodien 6par AiCuha5Q2 can 4140 mantaingd abatntkilyf ace
profile 606, simlar to the substrate 100 described in Figur e. [45]
Referring ﬁdﬁ%@%@?@ﬂ?@@% i C??P?erVB’gélrdﬁF POoY 3@% SR ?P%Wﬁb 701?6ayer

604 is foeiest ©peatRRn@fiplk Bt WAfBUEHRNY PRALERMERRbuIRE paedintdogral | ayer
604 may be deposited or fornmed on the overburden portion 602. By way of

exanpl e, t Rebseignt rafiigs 09yt 6060 dascshavpén Figeiell vatouighnlangpreficdal
conver si on of..a.4 mst portion of the overburden portion 602. [If the
overburdensﬁ%%?PgﬁR%ggﬁ'

is copper or copper alloy, then a controlled
exposur.e t P48°]1 9 ﬁenﬁ%ﬁ@o&%&%&?ot%%ﬁ&?rovérﬁl%%&ﬂ [%ltlgr( %}lizln%%ﬁgpe%éendgc% of
exanple i s a halogen gas that can"form a
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 occur in a chlorine plasma at lower temperatures (e.g., < 200 degrees C).

[49]  The ctch-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). Alternating the shape~depcndenf 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] Inoperation 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 planatized, 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



Cu- hal i de | ayer 604. The copper reactant |ayer 604 diffuses into the
surface of the copper overburden 602 to convert a top portion of the
copper overburden 602. Processes for chem cal conversion of copper are
known in the art, such as Nagraj S. Kul karni and Robert WO 2004/ 084267
PCT/ US2004/ 009338/084207 T. DeHof f, "Application of Vol ati | PEHUD0GGEIE f or
Low Tenperature, Dry Etching, and PlaHarization of Copper", Journal of
El ectrochem cal Society, 149 (11) 0620- G532, 2002. [46] In another

exanpl e, the additional,. |layer 604 n_be deposited on th ver bur den
bor 1 on 602, RS FECERE’ PRyPn AR AR Fortiges 9n BEIgREFDIR g an
oxi de | ayer et CMP @epasistedhdre hhmbawehbypiaano@eiutded porGO2602[ 4 éhoviRaher ri ng

now t o opera ion6 10 and Figure 6C, an etch-back process is applied to
renove the ad@t%i’onal |ayer 604. A portion of the overburden portion 602

may al so be ed. Renoving the.additional Jayer 604 results in further
sof t eni ng (i .[%l? ?D%qeélhegfogf P Bﬁagtﬁog!’o#escribﬁ%mgﬁ%ﬁs I%Q'Jocfaxg %ﬁseg@s‘ear%%nraﬁlélﬁik portion 602
to profil e 68@ioval PhecsStiahpd-fochss wthyddnaritatiad dftheamhiptng ovedherdeopiidnures? of t he
over burden poriion 60 -hal ide .can al maintain a substantially 1:1
et ch- back seflc[adf:rfilf]\'?\l’aﬁgﬁeﬁ @ﬁkq#r?% "é’%ggléi‘%“ 0\7£é°rn[§6§%‘den portion 602. QOperations
705 and 710 n . I j S j ize the
over bur den pg%fiéﬁgg%gﬂﬁﬁéﬁga sggk§#%H%%o |I%@Céggﬂkgﬁéh%g%%yggéggh%mm in
Fi gure 6D, untingrepirsverddadwi lagpr fuokhdsk mappang teabbalogesttha bleyknpirandre arf 48]
Chem cal con i : i Lbl Z]
dependence o¥§§@%ﬁ%@@%éﬁ?@?ﬁ%?%gﬁhgg%ggﬁmﬁgﬁ%%gpﬁggﬁﬁﬁ$§%%§&ﬁg”%ﬁﬁggzing
t he copper ailZ he e@iy-quaen sinve (ESHeei esuinly archaces veGuppdryenxdicdidratiieon i n
this instanc [ . ] Cad 7 C [ f: ' to a
copper co rrpoﬁlﬁtllglé\%tI ‘ﬁg;{:h%g g"'g ? dfl%%ﬁgﬁsgglgp t ?‘\I} héﬁ%t% g{a%? S?uci)n tg% g%g ﬁlﬁr@éy e\%vg@ﬁ)lge%
exanpl e, oxi #atthowmppnenhel leedipesignpbhat igntivbeabloto tegddy ereiv thedebstr@Cl  or
CuCl2) at th : : robF l.ori I : eratures
Coa) 2 200" oy Bbaegs _i‘gﬁ*ﬁaﬁr A i L L
this copper Garpsuatordnchvedimem alremeenredsGipoumdt stappiobess aich bewitin
vol ati |l e and,thus ' 1 f repmi Nl Ao den 602' at
the fixed su%E?%%?%ﬁ?ﬁﬁ%%?g$1ﬁe.&Bégaﬁggﬁ%gﬁﬁﬁﬁgﬁgﬂi?ﬁg g%%%ﬁﬂ e a

substrate being processed can be moved away from the polishing surface and an ECS can be

moved to a known distance from the substrate to measure the thickness of the film on the
substrate. The substrate and/or the BCS can be moved relative to one another so that the
ECS can map the entire surface of the substrate and thereby identify the location and

thickness of the metal film on the surface of the subsirate.

[53] 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 substrate and other non-uniformities that are not localized phenomena.

[54] Figure 8 is a flowchart of the method operation 800 of cotrecting global non-
uniformities in accordance with one embodiment of the present invention. In operation 803,
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



reduction of the CuCl2 to volatile Cu3C 3 in the presence of reactive

hydr ogen species (e.g., H2 plasma). Alternating the shape-dependent
conversion followed by etch-back of the converted portion can lead to bul k
removal of the copper overburden portion 602, while simultaneously

pl anari zi ng WR&EHBET aphy (e.g., profile) of the copperP@NER2DUMNGER 602.
[50] In operation 715, if the overburdéh portion 602 is substantially

pl anari zed, then the nethod operations end. Alternatively, if in operation
715, the overburden portion 602 is not substantially planarized, then the
met hod openatiromsesaontubstaraiady clop@rad soh a8 @owdhaldP, EGP ontbe methodslamient |
operations 705-715 can, occur | itu wthin a single etch ch r..J.n an WO
2004/ 084265 SBEF IRSBEATOGFESH! FEORIF APHEL 1?1-’\}%@'5@%@8’&‘”%‘?1&’? "‘b‘p?ﬁg"ﬁ?l’éﬁhﬁ 10 can
occur ex Sidmbvahé Ridalizag hsigleniBehitRE fdr@e dewdantihy, ¢ alCMRa iR s Eeisurie

achi eve the substantially planar _ overburden portion 602" as shown in

Fi gure 6D.WPH?TSqﬁésﬁ@ﬂﬁﬁﬂﬂﬁﬁéW@$P6ﬁ%P@@§&ﬁi%éﬁowmﬂﬁ@§HP§§b@ﬁ=7 can be used
as a planar_bulk renmoval process that perfornms both planarization of the
non- pl anar [5§Ver Bigrgérshpis ¢ buntagiinly remer el eptenasized verthadagurokiosfo0g e

over bur den, pardahany§06ne dtBlidtiod R ksl ANBTIA2rhO B0kl SHERLY at es 100,
600 can be determ ned hrough any on or nore of severa nown | ayer

t hi ckness plappizagotebhial i@ vat bas eldivelnhin pverherdar portiBy suchay a éfw

exanpl e, i@“ﬁg%% currentgﬁqnsor can map the thickness of the overburden

portion 1 BEURHIFCEPr ent sensor (ECS) can accurately neasure a
very thin er. of conductive film(e,g., |less than 1200, angstro t hi ck).
Aeenr at o y R eomRpHaRoRE, Lt et Mibiaf praaeT et B P SRR of

the ECS sig@B@ifyhh@budnifyadnt ldpmtrdblu@iftnitiBen ety artbbELiertuiddiRrismbahe at e
nmust be substantially elimnated, mnimzed or conpensated for. The
t hi ckness Rinarked gerburdqnioningye be BRPRSSHLCHWES PT RTCCA e 604N REds ur ed

within a i J , it hi: : ; eepasi filon
b ocess. i SPBBE REARSo S A% Mo e e
processed marpeliesimiradiirathayufanoprotdse clpobties)is vy siswiek eoal trbe anrrdBCSoean be

dt K i st fr th bstrate t t thick f
The 1 I m opReD. Su3ePrarer bt e Phritaimer ha b 5 Biialea °

nmoved
relative t@oeResanps Behmsally RBtstdd® the subsequent processes progress.

[57] In operation 820, the iocation and quantity of the global non-uniformities, as
determined in operation 815 above, are removed in a substantially mechanical stress-free
process by adjusting an etching process to address the specific requirements of the detected
global non-uniformities in a finish etch process. By way of cxample, 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.

[58] The recipe (c.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, €.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).

[59] 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,



ECS can map the entire surface of the substrate and thereby identify the

| ocation and thickness of the netal filmon the surface of the substrate.
[ 53] The net hods and systens described in Figures 1-7 above describe

vari ous approaches to substantially elimnating |ocal, pattern dependant
non- uni f or MY @yo%2en over burden portion. However, netHOdES2HRBIEYEt ens
described in Figures 1-7 above do not d&rectly address correction of

gl obal non-uniformties. dobal non-uniformties can include variations in
removal rates of material in the center of the substrate as conpared to the
edge of t hed,dibstithatspeandthetdrerining heighi Haotarbf ithe batihakyarié0.nds akoehlthz ed

phenonena. [ 54 igure 8 is a.flowhart of the nethod operation 800 of
correcti ngﬁbiSB%gF AR MRS S‘é@ecgw%yat&?@‘&%%?@% th one enbodi ment of

the present_invention. Jn operation 805, ubstrate having |ocal.ized

non- uni f or tﬁq]i e r}gﬁgﬁc%gacf(é’é‘fcﬁ?sé’%g]ﬁ? g? Wch’gb‘inﬁﬁf%ﬁﬁﬁ@g i SF PFRESi h the

over bur deneRRILhEIOF thSmbRGRAMEM and/&k tAPBITRINRA 8N agphrikRGalktAes aA@N-

uniformties are substantially elimnated such as throu]%g IFVP ECP or the
l

met hods andngQ@antos aws b/ fusborgyroomssdes supstaiijaly g yewifgrrg and
substanti a 110 ; - t .and
ot enn. ol b BT TR ST A3 A0 U R L U RIS

systens descri ot her nown 1 n the
art. Subst giobalgl inyform ecrossi thgsubkieatd bbdtitirethdd the fimiaf @emartlibesiel ammyal

subst anti al | | ocal |y .pl anar.i zed, over burden , portion such as the.

ol anart 2ed SRt RSB TR SER BaMaR et 3 aRts S ek PR o o
shows a substlembicatllwith eaeRE i viDl BRARInZSECPYET D46 e Mmifiatitd e cEPer dedess.
accordance_w th one enbodi ment of the present invention. The substantially
renoved, PV SREOT SE@0S & PHOEAE S erash o thediplasen soneaititipy & 1gweRd e

over bur deny pef kit MheheRe RSa@ (%%"Iﬁsﬁ&g&%ﬁt ﬁi’@&ﬁagfe&{‘@) bl hBhGKNERS: cobp@] 11

operation 815, the 'substrate e planari zed overburden portion is
mapped to etcliea whije siicuffiszently fherdeatlygtabivg thawaslumitbdel mdny ghsing facd gas

pl anari zed. gverhurden portion.. The i Z verburd rtl can be
aoped i UhoLyEns e R el U B L SO B R

t echnol ogi skt veatamndudnaw?, CHPRR ad dthas cdesaricdedudddove. The mapping can
be in situ (within the current process chanber) or ex situ (external to the
current prigeesslf the global copper recess and/or mask/ILD loss are non-uniform across the substrate

at the end of the finish ctch and final etch-back process, then additional variations in the
recipe must be taken to correct for the global non-uniformities. By way of example, typical
instances are a result of etch non-uniformity 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
loss across the substrate. Compensation can be achieved to counter this variation to obtain
globally planar features with minimal copper and mask loss utilizing appropriate uniformity
and selectivity 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 conirols, gas concentrations and chamber wall temperature.
Variations to control sefectivity include reactive halogen species concentration, substrate

temperature, and bias power,



chanber). An in situ mapping process can also be dynam c and allow for the
subsequent processes to be dynam cally adjusted as the subsequent
processes progress. [57] In operation 820, the location and quantity of the
gl obal non-uniformties, as determ ned in operation 815 above, are renpbved
in a substarWPaIBPsBEchani cal stress-free process by adf@Eys2ng/oaisset chi ng
process to address the specific requiréhents of the detected gl obal
non-uniformties in a finish etch process. By way of exanple, if the
remai ni ng overburden portion 902 were approxi mately 500 angstrons thick in
the center [68d 200:scdirgin rzmmnqcﬁp@wubmwv@cmgeof hherentin, tf@c§¢1pve"abaui" be

adj usted s t ndh t N- a ensat ed
for so thaQ&gﬂ%+€%?%r§y§%'P?%F g§g$31€%w aWP %e f%%gdﬁdggﬁgﬁgp edﬁsly
The Stress%$MﬁEn92b¢@5$SEMmdd§5ﬂ@ﬁﬁﬁmpIpwﬁbMﬁhBMﬁepmémhed&abmﬁamhﬁﬂamse no
mechani cal force i 2 ?Pp ie he sg trate during the etch(fack I OCess.
[58] The ré“cﬂfﬁéme% 3t GOB@P%]F& \Phi% s /- Srarpie ceeeq riedsrggyedindie drger

sel ect ed i Slwah©E N €1at Q1 the@rdcb@rnglr@[ﬁ@genﬁea@ (He- o%emnansldlaﬁ{o@tae hogshgrpi er at
a much slower rate than the recipe wl etc% pper .g., a typica
sel ecti vi t Praclsrgle Bivertsppapthes & IBQ@SSGBéﬁCﬁb@d 1@&3&@86 7 ﬁ@é&cﬁr@@e@eses is
greater th e..any
ecasaes (DpRROHA S Qb BE e MaR ARty R S A O TN e

f eat ures 1@Qrd dieriV&OBz) confii8®dr oTécrbpotsskorebatin! emrenh@ve, a mbadst w@ltyl sl ow et ch
rates for ? )copper of the remaining overburden portion 902 and the
barrier 10 to minimze any recess into the features102, WO
2004/08426 a’ 007530. 13.104, 106 _w th [ espe ect t0Q the re ni ng
hei ght bar [l alheed Yiapreaie frafaon e becaadeseribed iy ¢} ki Tod firanettcn
cannot havelagtywghyddtalairgel ect by h,lﬁpéléne t1ef SkatnBarePRRT modif@dtiofs Flap8é

et ch-back process can al so be included. The final etch-back process

incl udes BREFeaEkIThe paqee HEbR Aprended drimsndcerdipgle, the Drepent embadimants h
appropri at . t cone
o ovi des stbet antTal Ty e PRty iy R o R Al poER Healead e
with mni nédie d@@ﬁwwe@mbm LDt ey Be fredified wathin th@moga: alrdemesalms of ¢ieobal | y
unlforn1aC£ %%mm@f substrate 100 at the end of the final etch and barrier

r emoval pﬁ)cesses “I'n this instance, the final etch would include a

uni form process to et ch- back the



mask material with high selectivity to mnimze copper |loss and mnimze
the copper recess. By way of exanple, a hal ogen-based process where the
hal ogen concentration is low and the substrate tenperature is |low (e.qg.,
| ess than about 200 degrees C) will maintain a | ow copper etch rate while
still sufficiently chemcally etching the mask material. Any plasm feed
gas inc|uding hal ogen reactive species (e.g., CF4, C2F6, C4F6) can be
used. Et Bt Brcdrivdissol additives can include Ar, 02, CH2F2 and others can
al so be included. [61] If the gl obal copper recess and/or nmask/ILD | oss are
non-uni form across the substrate atCildM®d of the finish etch and final
et ch-back process, then additional variations in the recipe nust be taken
to correct for the global non-uniformties. By way of exanple, typical
instances are a result of etch non-uniformty are described as center fast
or edge fastjetch : Li-her i L 1o.in a

1 A MAh&Bfor bﬂinﬁl}l%}?@ r%)g{(t?&@@ §ﬁ10&§&1ﬁﬂﬁ%ﬁbst&?@c&nﬁ§ﬁs Hg |

variation in copper recess an ILD loss across the s at e

Conpensat i on . j to counter this,variation to obtain | obal |y
ol anarf et unSehg a HEtREE b So SRR So bl Bbe bRy s SeBahssf’ ate
uniformty . .selectivity_.controls during, the final,K etch-back of the
mask/ | ﬂ%ﬁ*ﬁl@&ﬂﬁ?& a Pﬁlr%lﬁé 0?( frefurt tﬁ%fﬁﬂ%@r@gh% gpndugdye infespimeghepictitlocess
resulting in larger copper recess in the center of the substrate can be
conpens AREHEAGOVEBIPUsIEnRSgEcT baving ¢ Hehlizadglonbméferpitscess whi ch sel ectivel y
etches the mask material to bring to the sane |evel as the copper level in
t he features feORing at@4ditid0d.1aky phthd owebaden pdrtipn diflading dhdnmicalhj s process
is greater than about 2. Variations of the recipe to provide for

uni f or michyvaang & ep dupRke SRl PEPSFHieh of BERCEBLIER pyaAldnabAa®N acr oss
substrate, ion flux uniformty controls, gas concCentrations and chanber

val | tenper Aty Grizind3hd aldiddiin koL HObvaBLEEh bildoh | ARl ARLAAET I Ve

hal ogen speci es concentrati on, strate tenperature, an ower. WO

he des iRBEIEN BRehdrs MOBTey erftat el vERatREEg P eSSl

of exanpl e, the phrase, "about 250 degrees C' indicates a range of between
225 deglr%%"eélﬁﬁlge@%ar@ér&’r%@%%@. It will be further appreciated that the
instructions represented by the operations in Figures 5, 7, 8 are not
required to be perforned in the order

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

portion includes substantially eliminating a local, pattern dependant non-uniformity.

3. The method of claim 1, wherein the additional layer and the overburden portion have

a substantially 1:1 etch selectivity.
4. The method of claim 1, wherein the additional layer is formed substantially planar.

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

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



illustrated, and that all the processing represented by the operations may
not be necessary to practice the invention. Further, the processes
described in Figures 5, 7 and 8 can also be inplenented in software stored
in any one of or combinations of the Fﬁﬁg the ROM or a hard disk drive of
a conmputer or mcroprocessor control system (e.g., a process contro
systenm). [63] t hough the foregoing invention has been described in sone
detail f&r puT@o@é@Ong clgimaSi fuyther compréying aprfiong stohtpragess lopPaIRFasHEr t hat
certain changes and nodifications nay be practiced within the scope of the
appendedlag¢rdprmsed achemditerykd features. pr esent enbodi ments are to be consi dered
as illustrative and not restrictive, and the invention is not to be limted
to the details given herein, but may be nodified within the scope and
equi val ents of the appended clains. 15 What is clainmed is: CLAIMS 1. A

net hod fpr planahbhbdor dapdtt fhAeHh SRHICH ﬁ%&finga@ﬁﬁ §Lakge ﬁmfdﬁdﬁﬂén
havi n e

receiving a patterned sem conductor substrate, a conducti

interco j Q] - al 0 S.Lh the ttern, the
conduct et oTEREHEPbotibh AR RO Bl P b EIER R R,

| ocal i zed non-uniformty; formng an additional |ayer on the overburden
portionIFﬁ%@Eé?%g chemcally converting a top surface and a top portion of
t he overburden portion; and planarizing the additional |ayer and the

over burden portion without inparting nechanical stress to the plurality of
features, the additional |ayer being substantially entirely renoved in the
pl anari & ng prhieoeetbod f clFine 7 nehdront thé reakanngak,is whelogem pl anari zi ng t he

addi tional |ayer and the overburden portion includes substantially
elimnating a | ocal, pattern dependant non-uniformty. 3. The nethod of
claim1l1, wherein the additional |ayer and the overburden portion have a

subst antg, al | yribidetBEEHF SEMEF W NdrbN-1hé ??d}@%rag%/?f)g Qfaliak AdBah piIGESIId he

additional layer 1s forned substantia
overburden portion.

10.  The method of claim 1, wherein planarizing the additional layer and the overburden

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

11.  The method of 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.
12. The method of claim 11, wherein the reiterative process occurs in situ.

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



5. The method of claim4, wherein planarizing the additional |ayer and the
overburden portion includes etching the additional |ayer and at |east part
of the overburden portion. 16 6. The nethod of claimb5, further conprising
a second etch process to expose a barrier |layer fornmed on the patterned
features. 7. The method of claim1, whet%ein chenicall y converting a top
surface and a top portion of the overburden portion includes exposing the
top surfblbe ofhe methodef blafrddnwhereir G coodwtive gaetamtectmsterigl indludestet hod of
claim7, wherein the reactant gas is a halogen. 9. The method of claim7,
wher ei n dlreemdididppanal | ayer is a halide reactant product of the

over burden portion. 10. The nethod of claim 11, wherein planarizing the
additional |ayer and the overburden portion includes etching the
additional layer and at |east part of the overburden portion. 11. The

met hod gl]CS.Cl a1l x%eth\‘)‘@%f?l'agnm @Hgtrehft'hgg 86 1 2AdLLL A3l la?%ﬁ‘fed%&%‘ctohguctor
overburden portion Includes’a réeiter five process hal U I'Ng: et chi ng the
addi ti onah tl% er'df rrming a second additional |ayer; and etching the
second adf ffal%ﬁ’aéi ‘I‘ag)‘}@f”.a D¢ PGESSmet hod of claim 11, wherein the
reiterative process occurs in situ. 13. The nmethod of claim1, wherein the
conductive interconnect material includes copper. 17 14. The nethod of
claim11l, wherein the conductive interconnect material includes elenental
copper. 185. Theemisphdwtafdeyicaifomigd whemeihodtchmppaingern is fornmed on the
patterned sem conductor substrate in a dual damascene process. 16. A

sem conduct orrectving @ phaced sdyicand®@tdIdb L e hiGinp 8 coh@eive iftercanfat t er ned
sem conductor substrate, having a conductive interconnect material filling

a plur a::ﬁétexriﬂfﬁnfiﬁ@& Br@sity B FARrBAhBE PartdrNGHhE ORRMEHLY Bitdr B BELEARABEA!

materia
having an overburden portion having a localized non-uniformity;

forming an additional layer on the overburden portion including chemically
converting a top surface and a top portion of the overburden portion; and

planarizing the additional layer and the overburden portion without imparting
mechanical stress to the plurality of features, the additional layer being substantially entirely

removed in the planarizing process.

17. A method of forming a dual damascene interconnect structure comprising:
receiving a dual damascene patterned semiconductor substrate, having a conductive
interconnect material filling a plurality of features in the dual damascene pattern, the
conductive interconnect material having an overburden portion having a localized non-
uniformity;
forming an additional layer on the overburden portion, the additional layer being
formed substantially planar including chemically converting a top surface and a top portion

of the overburden portion; and



havi ng an overburden portion having a | ocalized non-uniformty; formng an
additional |ayer on the overburden portion including chemcally converting
a top surface and a top portion of the overburden portion; and planari zi ng
the additional |ayer and the overburden portion w thout inparting

mechani cal stress to the plurality of f'$at ures, the additional | ayer being
substantially entirely renoved in the planarizing process. 17. A nethod of
form ng a duattchingtecasidgidnat keyoend et teasttpadtatfitheocwbpdéspertion to sbsiaviinly a
dual damascene patterned sem conductor substrate, having a conductive

i nt er conpledrizowiicesvedburlién portignah@hdidiadnd Yayef béig@bubisemtinlly tit@retamod@ascene
pattern, the conductive interconnect material having an overburden portion
having a | ocalized non- uniformty; formng an additional |ayer on the

over burden portion, the additional |ayer being forned substantially planar
i ncl udi chep rtl ur Lon of the
over bur gg; n po&nlg%ﬂrlé&/%ﬁ%mﬁlg ae‘?‘%h‘?anré%?ﬁ% 13%3?@%%%@@%2?&2@3 mggt. | east part
of the overburden Eor if)n to substantiall éﬁﬁl anari ée thz1 o.\/erburgen.
portion, the SHAYPRSHE fapaseensdatgmet sepisantugionsudsiiaie.deyingafppdectivers. A
met hod of form ng a dual damascene interconnect structure conprising:

recei vi rigtescoanedt Nepderid diding ppluraditn efifegmsscioior dead damagesne pateernibwi ng a
conductive interconnect material filling a plurality of features in the
dual darmmsdedtevepatetoonmeet intateriat bovdug bi veerbuwiden ponivadiavimgtadpeaizehasi-ng an
over burden portion having a | ocalized non- uniformty; chemcally

convert iungfolmit@p surface and a top portion of the overburden portion to
forman additional |ayer on the overburden portion; and planarizing the

addi ti onal 1 Q%eiicg cbhfer@HEE R SefoPRid 4 Bbpd:iich SAfk bl aBatdch B¥RfonRE! N9

substantially entirély renoved'in the pla zi ng process, t pl anari zi ng

PrOCesS e HRiBhal ek Shd Aerk OGRS bAokY ng: - etehing the additi onal
planarizing the additional layer and the overburden portion, the additional layer being
substantially entirely removed in the planarizing process, the planarizing process includes a
reiterative process including:
etching the additional layer;

forming a second additional layer; and

etching the second additional layer.

19.  The method of claim 18, wherein planarizing the additional layer and the overburden
portion further includes planarizing the additional layer and the overburden portion with a

planarizing CMP process.

20. The method of claim 19, wherein at least one of the bulk removal CMP process and

the planarizing CMP process is a low downforce CMP process.



form ng a second additional |ayer; and etching the second additional

| ayer. 19. The nethod of claim 18, wherein planarizing the additional |ayer
and the overburden portion further includes planarizing the additional

| ayer and the overburden portion with a planarizing CMP process. 20. The
met hod of claim 19, wherein at |east oné of the bulk removal CWP process
and the planarizing CWP process is a | ow downforce CVWP process. 19 21.
The met hdld of Tled mithod @f clatrerd 8) whextinl a st @revfdlic bulk roudal CoMD pedcegvRd
process and the planarizing CVWP process includes a CVWP chem stry that is
not sel et iple@atizingCMR paicesiclofies ACHEY dHe@iisthather is abtsetective teegitledsc ohayter .
22. The nmethod of claim1ll, wherein the reiterative process occurs ex situ.
23. A nef baflef @YerRhanaiiigiing 18 epat t erned sem conductor substrate
conprising: receiving a patteérned sem conductor substrate, having a
conductive interconnect material filling a plurality of features in the
pattern, the conductive interconnect material having an overburden portion
havi ng | ocal.i zed,non-uni formty;. planarizing the overburden portion to
Cabst antdar 1y iRspat A i b batiin b e kBT Brisr SR eItidi g chort cal 1y
converting a top surface and a top portion of the overburden portion and
etching the overburden portion to renove at |east a portion of the bul k of
the overburden portion, a remaining portion of the overburden portion

bei ng suBst am insdthod fopphnaniiizgd patterdedsechicogiuctve spbstater dozgetisoger bur den
portion to substantially renove the overburden portion. 24. The nethod of
claim 23, whet&divingh patastd ssgicohduche shtdttatd, aRvala PHOGESS irdadohitet

pl anari zi ng process includes CVWP process that includes a CVWP chem stry that

IS not  seleedlifiBng b Bty 88 &atnRBEInthe BatRRh thEEod RYETe AL cihrdbiShREkAl C

| ayer .

having an overburden portion having a localized non-uniformity;

planarizing the overburden portion to substantially remove a bulk of the overburden
portion including chemically converting a top surface and a top portion of the overburden
portion and etching the overburden portion to remove at least a portion of the bulk of the
overburden portion, a remaining portion of the overburden portion being substantially
planarized: and

etching the planarized overburden portion to substantially remove the overburden

portion.

24, The method of claim 23, wherein at least one of the bulk removal process and the
planarizing process includes CMP process that includes a CMP chemistry that is not selective

to at least one of a barrier layer and a dielectric layer.



