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Korol i k and Puneet Yadav BACKGROUND OF THE I NVENTION 1. Field of the

I nvention [1] The present invention relates generally to dual damascene
sem conductor manufacturing processes, and nore particularly, to nethods
and systens for planarizing features &and | ayers and controlling uniformty
in a sem conductor manufacturing process. 2. Description of the Related Art
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f2] 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 films formed on the semiconductor substrate to form the
desired electrical circuit interconnects. An excess or overburden portion of the conduciive
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

uniform and planar surface for subsequent processing.

[3] The overburden portion of the conductive material is typically removed from the
semiconductor substrate through chemical mechanical polishing (CMP) and electro-chemical
polishing (ECP) (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 untformity and inability to effectively remove non-

conductive material.

[4] CMP requires physical contact processes which typically leave conductive residues,
or cause corrosion of the various materials, or result in non-uniform removal, and the
inability to suitably planarize interconnect and interlevel dielectric (ILD) top surface. CMP
can also cause stress related damage (e.g., interlayer delamination, peeling) to remaining

interconnect and ILD structures. The CMP-caused stress damage is further exacerbated by



the very poor inter-layer adhesion characteristics of the nore-recently
used materials. Reducing the physical force of the CMP process to reduce

t he physical stress can often result in unacceptably |ow throughput rates
and ot her poor process performance paraneters. [5] In view of the
foregoing, there is a need for an inproved planarizing systemand nethod
to uniformy and substantially renove pverburden material while m nim zing
physi cal stress to the remaining features. The inproved planarizing system
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over burgenspertion has a non-uniformty. The non-uniformty is mapped and
a dynam c liquid nmeniscus etch process recipe is developed to correct the
non-uniformty. A dynam c |$gMMARBTOEQWE EVeANTHDNCEesS, using the dynam c
| i quid nmeni scus etch process recipe, Is applied to correct the non-
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sem conductor substrate in a dual damascene process. . Mapping the
non- unitAopTEFEY IRERLOHEAN RE THAGRSHE hIDAY RETABHY 8% SRS ASSIPEase Aor t he
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ani I'le’ node precedi ng process (e.g.,
t he bulok iHegireacatl inpemtessd descBBy@beipiwng a dynamic |iquid neniscus etch
process recipe to correct the non-uniformty can include determning a
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substrate includes 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. A bulk
of the overburden portion is removed and a remaining portion of the overburden portion has
a non-uniformity. The non-uniformity is mapped and a dynamic liquid meniscus etch
process recipe is developed to correct the non-uniformity. A dynamic liquid meniscus etch
process, using the dynamic liquid meniscus etch process recipe, is applied to correct the non-
uniformity to substantially planarize the remaining portion of the overburden portion. The
conductive interconnect material can include copper and/or elemental copper. The pattern
can be formed on the patterned semiconductor substrate in a dual damascene process.
Mapping the non-uniformity can include determining a non-uniformity profile for the
substrate. The non-untformity profile for the substrate can include determining a non-
uniformity profile model of the preceding process (e.g., the bulk removal process).
Developing a dynamic liquid meniscus etch process recipe to correct the non-uniformity can

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



3 non-uniformty profile for the substrate to the renoval rate profile
nodel for the subsequent process, and optim zing one or nore paraneters of
t he subsequent process. The subsequent process can include at | east one of
a group of processes consisting of the dynamic liquid neniscus etch
process, a dry etch process, and a wet etch process. The bul k renoval
process used to renove the bulk of ttie overburden portion can al so be
optim zed to substantially elimnate a continued production of a
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dynam c liquid nmeniscus etch process using the dynamc liquid neniscus
et ch psotegsent eperpeosar sibekhuee prawestesr i ng t he dynamic |iquid neniscus etch
process and providing feedback to a dynam c |iquid nmeniscus etch process
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[ 12] Aﬁgfherqgﬁ%bgﬁheﬁg prov?%es a netﬂod for forn%hg a sem conduct or

devi celayEhean be substantially planar. Removing the bulk of the overburden portion can also
include substantially entirely removing the additional layer. The additional layer and the

overburden portion can have a substantially 1:1 etch selectivity.

[10] Applying the dynamic liquid meniscus etch process using the dynamic liquid
meniscus etch process recipe can include monitoring the dynamic liquid meniscus etch
process and providing feedback to a dynamic liquid meniscus etch process controller. The
dynamic liquid meniscus etch process controller can automatically modify at least one aspect
of the dynamic liquid meniscus etch process recipe according to the feedback. The dynamic
liquid meniscus etch process controller can move the dynamic liquid meniscus relative to a

surface of the substrate.

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

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

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

method includes receiving a patterned semiconductor substrate. The semiconductor substrate



met hod i ncludes receiving a patterned sem conductor substrate. The

sem conduct or substrate 4 having a conductive interconnect materi al
filling nultiple features in the pattern. The conductive interconnect

mat eri al having an overburden portion. A bulk of the overburden portionis
removed | eaving a remaining portion of the overburden portion that has a
non- uniformity. The non-uniformity is4dmapped. A dynam c |iquid neniscus
etch process recipe is developed to correct the non-uniformty. A dynamc
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uniformity. A dynamic liquid meniscus etch process using the dynamic liquid meniscus etch
process recipe is applied to correct the non-uniformity to substantially planarize the

remaining portion of the overburden portion.

[14]  Applying the dynamic liquid meniscus etch process using the dynamic liquid
meniscus etch process recipe can include monitoring the dynamic liquid meniscus etch
process and providing feedback to a dynamic liquid meniscus etch process controller.
Monitoring the dynamic liquid meniscus etch process can include scanning a surface of the
substrate with a metrology sensor. The metrology sensor can be included within the dynamic

liquid meniscus.

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

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



followng proximty etch process can accurately conpensate for any CWP
non-planarities (e.g., edge effect, local or global non-planarities, etc).
5 [16] O her aspects and advantages of the invention will becone apparent
fromthe follow ng detailed description, taken in conjunction with the
acconpanying drawi ngs, 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 readily understood by the follow ng detailed description in
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designate |ike structural elements. [18] Figure | shows a patterned
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per f or mtmgtuaallemcedntqnl anari zation, in accordance with one enbodi nent of the
present invention. [24] Figures 6A-6D show a sequence of chem cal

conver gj Qp FrguetiCihobaalhaRéREL 588 onARIrisBlkila®: iR aStthEhdRtweit énd NCr ease
| ocal uniformty, in accordance wth one enbodi nent of the present

i nvent iegrhodimajt Olfﬂgwlése?lt ingertidn. owchart of the nethod operations of the
chem cal conversion and etch- back processes applied to a substrate to

i ncr eaqe9] ockipurenti showsiab ydditinnddger adduden ubdondaone witinbodintedtmaett of the
present invention. [26] Figure 8 is a flowhart of the method operation of
cor r ectFR§NGIYHHICMon- uni formities in accordance with one enbodi ment of
the present invention. [27] Figure 9 shows a substantially renoved,

pl anaril2€d dugwrbdrsbiews p@ldbflt@mlaﬂlﬂ plesene \alden portion in accordance with one

embodiment of the present invention.

[21]  Figure 4A shows the substrate having undergone a second etching process n

accordance with one embodiment of the present invention.

[22] Figure 4B shows the substrate having undergone a barrier removal process in

accordance with one embodiment of the present invention.

[23] Figure 5 is a flowchart of the method operations of performing a local planarization,

in accordance with one embodiment of the present invention.

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

present invention.

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

embodiment of the present invention.

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

in accordance with one embodiment of the present invention.

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

with one embodiment of the present invention.



wi th one enbodi nent of the present invention. 6 [28] Figure 10A
illustrates a proximty head perform ng an exenplary wafer processing
operation in accordance with one enbodi nent of the present invention. [29]
Figure 10B shows a top view of a portion of a proximty head in accordance

wi th one enbodinment of the present invention. [30] Figure 11A illustrates
an exenplary proximty head, in accordance with one enbodi nent of the
present invention. [311 Figure 11B illustrates a sectional view of the
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accordance with one enbodi nent of the present 1nvention. 32] Figure 12
shows aCREREM PraseRdaicngyidyetccmmbadinen of durmresont inventin. enbodl nent of the
present invention, [33] Figure 13 is a flowhart of an alternative nethod
operati ¥4 f Bizupyr R ghowg aalop sidys b &nparabn pF apeoxiraitg head ercoordueebritider
portion Bn accoﬁﬁﬁnce wi th one enbodi nent of the present invention. [34]
Fi gure TAPHiBIRRYof 1B BERSTHIREFUM of a waf er processing systemin accordance
with one errbodl ment of the present invention. [35] Figure 15 is a
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in acco nt of the present invention. DETAILED
DESCRI PW%W@@E@E%&%H%@I MENTS [ 36] Several exenplary enbodi nents
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details set forth heréin. enbo nt of an |rrprove rmty

control d pl b es | oca
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subst r ahe prebare invaatioved | ocal pl anari zation and uniformty substantially
elimnates |local nonunifornitics caused by features in underlyi ng layers
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provi des I nproved global planarization ormty ‘across the entire
subst r anbstamiad planedge umfohoravietbprden otipairestcoalanentvith ondeiibodimdny »{

the present invention.

[34] Figure 14 shows a block diagram of a wafer processing system in accordance with

one embodiment of the present invention.

{35]  Figure 15 is a flowchart of the method operations of a feed-forward optimization

process, m accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[36]  Several exemplary embodiments for an improved uniformity control and 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.

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

untformity}.



7 [38] One enbodi nent includes a nethod for planarizing a patterned

sem conduct or substrate includes receiving a patterned sem conductor
substrate. The patterned sem conductor substrate having a conductive
interconnect material filling nultiple of features in the pattern. The
conductive interconnect material having an overburden portion. The

over burden portion includes a localized non-uniformty. An additional |ayer
is formed on the overburden portion. The additional |ayer and the
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overburden portion can also include etching the additional layer and at least part of the

overburden portion. A second etch process to expose a barrier layer formed on the patterned

features can also be included,

[41] Forming the additional layer on the overburden portion can include chemically
converting a top surface and a top portion of the overburden portion. Chemically converting
a top surface and a top portion of the overburden portion can include exposing the top
surface of the overburden portion to a reactant gas such as a halogen. The additional layer is

a halide reactant product of the overburden portion.

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

The reiterative process can be an in situ reiterative process.



8 [43] In another enbodi nent, a sem conductor device is forned by a nethod
including receiving a patterned sem conductor substrate. The patterned
sem conductor substrate having a conductive interconnect nmaterial filling
multiple features in the pattern. The conductive interconnect nmateri al

havi ng an overburden portion that includes a |localized non- uniformty. An
additional layer is formed on the overburden portion and the additi onal

| ayer and the overburden portion are planarized. The additional |ayer
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substrate. The method includes receiving a patterned
[45]  Still 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
interconnect material having an overburden portion that includes a localized non-uniformity.
A top surface and a top portion of the overburden portion are chemically converted to form
an additional layer on the overburden portion. The additional layer and the overburden
portion are planarized, the additional layer being substantially entirely removed in the
planarizing process. The planarizing process including 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 continued until the remaining overburden

portion is substantially planarized.

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

semiconductor substrate. The patterned semiconductor substrate having a conductive



sem conductor substrate. The patterned sem conductor substrate having a
conductive 9 interconnect material filling nmultiple of features in the
pattern. The conductive interconnect naterial having an overburden
portion. The overburden portion having a localized non- uniformty. A bulk
portion of the overburden portion is renoved to planarize the overburden
portion. The substantially locally pldharized overburden portion is napped
to determine a global non-uniformty. The substantially locally planarized
over burigefcopaedtinilerif ffigheditp ofSfelatant Hl fateie M ohdg:tigk ahakonnect
non-uniformty. The pattern can be formed on the patterned sem conductor
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overburden portion can include a reiterative process that includes ctching the additional

layer, forming a second additional layer, and etching the second additional layer.

149] Mapping the substantially locally planarized overburden portion to determine a global
non-uniformity can include mapping the substantially locally planarized overburden portion
with an eddy current sensor. Mapping the substantially locally planarized overburden
portion to determine a global non-uniformity can include mapping the substantially locally

planarized overburden portion in-situ.

[50] Etching the substantially locally planarized overburden portion to substantially
remove the global non-uniformity can include adjusting an etch recipe to compensate for the
global non-uniformity., Alternatively, etching the substantially locally planarized overburden
portion to substantially remove the global non-uniformity can include substantially
eliminating the global non-uniformity without imparting mechanical stress to the multiple

features.

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

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



[51] In another alternative, etching the substantially locally p
overburden portion to substantially renove the gl obal non-unifo
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the gl ghgl nanRich®oRinoht includes 2 method of forming a dual damascene interconnect

structure. The method including receiving a dual damascene patterned semiconductor

substrate. The dual damascene patterned semiconductor substrate having a conductiv

¢

interconnect material filling multiple features in the dual damascene pattern. The conductive
interconnect material having an overburden portion that includes a localized non-uniformity.
A bulk portion of the overburden portion is removed to planarize the overburden portion.
Removing the bulk portion of the overburden portion includes forming an additional layer on
the overburden portion and planarizing the additional layer and the overburden portion. The
additional layer being substantially entirely removed in the planarizing process. The
substantially locally planarized overburden portion is mapped to determine a global non-
uniformity. The substantiaily locally planarized overburden portion is etched to substantially

remove the global non-uniformity.

[55] Another embodiment includes 2 method of forming a dual damascene interconnect
structure. The method includes receiving a dual damascene patterned semiconductor

substrate. The dual damascene patterned semiconductor substrate having a conductive



[ 55 Anot her enbodi ment includes a nethod of form ng a dual damascene

i nterconnect structure. The nethod includes receiving a dual danascene
patterned sem conductor substrate. The dual danascene patterned

sem conductor substrate having a conductive 11 interconnect materi al
filling nultiple features in the dual damascene pattern. The conductive
i nterconnect material includes an overburden portion that includes a
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substrate 100 or a conductive interconnect material 120, The conductive interconnect

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

[57]  An overburden portion 112 of the conductive interconnect material 120 extends
above the features 102, 104, 106 and includes corresponding localized variations 114, 116,
118 in thickness of the overburden portion 112. As shown, the larger feature 102 has a
corresponding larger decrease in the thickness of the overburden portion 112 as compared to
the smaller feature 104, which has a slightly smaller variation in thickness of the overburden
portion 112. The densely packed features 106 have a somewhat increased thickness of the

overburden portion 112.

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

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



interconnect material 120 at a fairly uniformrate over the entire wafer
area and therefore the typical etching process will expose a first portion
of the barrier layer 110 near the large feature 102 before a second
portion of the barrier |layer 110 near the densely packed features 12 106
wi |l be exposed. In sum the typical etching process cannot planarize and
conpensate for non-uniformty for thd2overburden portion 112 of the
conductive interconnect material. [59] Figure 2 shows an additional |ayer
202 ad dH}]lS will ceqosainde swinf theoyge rvdélig@oteso tannbhplapiresant compematcon. The
addi tiopal layer 202 is formed on top of the overburden portion 112. The
addi t i époql 39\{?“?262%& K %’éfbélrdﬁﬁlﬁ?ﬁ%w t 5 ohvthe penslaptiye inferprnnsst ateriad. g.

spin on ass pol ysilicon, polymer resist, bilayer, UV or thernally
cur abl €5 gdat elFIgaIIC 2 Stlsnowétah eflditipnaldayea 202 hadeddancddrdance ovifhomm fmlt;mldancan ofurface

d whigch h h h t ti t I
el at 1 EF prER et B fifoRh e e St e oy G liverna PR dger 204
may al sp 2berhen@livdas 1@@&%@@@{ bea %ﬂﬁkénh@ﬁ@hlahﬁ%ﬁ[m%%m% Jﬁn g{n arden

portion 112. The conformal |ayer 204 can be a barrier dhesi on
| ayer. (Ph¥s)cprifshieom, pollyayeeresmzmkaa@r, W@Whamﬂlid@urasbtﬁmetteyiabbr otliceri al s t hat
can be used for th ditiona 2 he addition | ayer 202
ond ¢ nangsaryiian ToBrpirtT § Derayela abubihiia Ty oR opr Bl CAC e Lt i vi ty
So t hatch@ra%téh%ﬁ&ﬁeﬂh oBlSIII NGB OSARS: (@% GboutRsAFFhR in gﬁ@&%&g cEhBAnAr 0Ccess)
can etch both the additional |ayer ‘and t he overburden portion 112 at

subst ardayeal20y ntalyetl®é;wenclndﬂ6bbet‘{v6®1th5|agdutlen£ Islvod82 andsthlbslvaarhm deinlppripinanar
over burden portipon 2' i.n,accordance th one _ enbodi of the present
Crvent 10 BEchnBEn el ERERER Draie bt manEnar Gader bt doald Lol ana
sur f acq,Ryeb4 bRCalfivs ki@ Vaf¥ ST n%anialél-ﬁﬂgt cah b usé@for the édcﬁ%naﬂaﬁf

process can uniformy etch the additional [ayer 202 and the overburden 112

e L Bo el e b agh B ol R, YRHP YRR ANA ) kR

substanti-all anar 1n vat Tations

are subskamlt)adol tfated Suﬁkd@@%ﬂ%tcfﬁﬁ@troﬁeés}(@lg@ plasm@Gir PRseonsIEMh ipPaebsY @an
conditions that provide a 1:1 etch selectivity between the addi ti onal

| ayer 202 battherpddisiparidayaen2 pad thegryertapdenmyorinay 1 6% atehipppiéallyithe gamee
addi tional layer 202 is SOG and the overburden portion 112 is copper, then
a hal ogen (e.g., , F, Br, 1) based chenlstry provides etch rate contro

f t he.. SOG II w for t ng for the desired 1:1
sg{ect.tl%lty%i%f?ﬁ%ﬁ@%? aﬁyba%n@g e %ovgea Ib%ﬂm%w 13&5%91‘9@1%*{1 o

radi cal.g,pe@mde o P8R Presthdinv&tdn. %atﬁgthc 18 A1 ¥R (280 r B X 3T Brtially

planar surface over the stack of layers 100, 110, 112, 202, a first etching process can
uniformly etch the additional layer 202 and the overburden 112 over the entire area until the
remaining overburden portion 112'is substantially locally planar in that the local variations

114, 116, 118 are substantially eliminated.

[62] A typical recipe would involve conditions that provide a 1:1 etch selectivity between
the additional layer 202 and the overburden portion 112. By way of example, if the
additional layer 202 1s SOG, and the overburden portion 112 is copper, then a halogen (e.g.,
CL F, Br, 1) based chemistry provides etch rate control for both the SOG as well as copper to
allow for tuning for the desired 1:1 selectivity. Although any plasma feed gas producing
reactive halogen radicals can be used, CF4, Ci2, and HCI, HBr are typical examples.
Various process parameters can be adjusted to control etch rates, selectivity, uniformity and
reduce corrosion include variation of process variables such as substrate temperature and
inclusion of one or more additives {e.g., Ar, H2, Cl, 02, CH3X (X =F, Cl, Br, I), CH2F2,
and CH4).



Vari ous process paraneters can be adjusted to control etch rates,
selectivity, uniformty and reduce corrosion include variation of process
vari abl es such as substrate tenperature and inclusion of one or nore
additives (e.g., At, H2, d, 02, CHBX (X =F, d, Br, 1), CH2F2, and CH4).
13 [63] Another approach involves a sputter dom nant etch with Ar or other
inert gas such as He, Xe, Ne, Kr, aslBhe primary etchant of the copper
overburden portion 112 with other additives to provide etch rate control
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[65] Figure 4A shows the substrate 100 having undergone a second etching process in
accordance with one embodiment of the present invention. The second etching process
continues to an endpoint such that the barrier layer 110 will be exposed at all locations
substantially simultaneously and leaving only the portion 120 of the conductive material

(e.g., copper, copper-containing alloys and combinations, and other conductive material) that

fills the features 102, 104, 106.

[66] The first etching process and the second etching process can be substantially similar
or significantly different. By way of example, the first etching process can be an etching
process for improving the local planarity of the overburden portion 112 due to local non-
uniformities 114, 116, 118 (e.g., caused by feature 102, 104, 106 locations, sizes and
concentrations in underlying layers). The entire additional layer 202 and a portion of the
overburden portion 112 can be removed in the first eiching process. By comparison, the

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



uniformties 114, 116, 118 (e.g., caused by feature 102, 104, 106

| ocations, sizes and concentrations in underlying |ayers). The entire
additional layer 202 and a portion of the overburden portion 112 can be
removed in the first etching process. By conparison, the second etching
process can be a nuch nore selective etching process that renoves the bul k
14 of the remaining, planar overburded 112' to the endpoint (i.e., when
the barrier layer 110 is exposed). [671 Figure 4B shows the substrate

havi ng ofitiergoaiaing, flandaricverbuedavial’ prhe esdpdint (i.a¢ whed aRGRmrdyed NH is

enbodi nent of the present invention. A portion of the barrier layer 110 is
r emoved®R9S€pose an underlying mask | ayer 402. Only the portion of the
barrier layer 110 that is forned within the features 102, 104, 106 renain.
A typi cHI7] seEighe 4 ehiwifhpsstets havingowdsrgbhea barier pomdviabprooésstine
overburden 112 at. high rat.e apd.preferably with a hi.gh electivity to the
barri er XCgyEPo YD Oﬁge 9‘5181‘6“@9(%&%P@,Se‘%fm‘%qugo%vér%ﬂ?g‘éﬂf%SP?W?HY%’?%] 0
copper ds@eﬁi@%@lﬁ@@xgo@%ﬁ%d@ﬂﬁﬂ}g slakly 14yBr 402, &Jlg’thecﬂzcﬂ”[iorﬁgf@hc*ﬁ%ierg%&g) an be

effectively used for the second etching procéss.” I n another approach a
physi calhky/is domedanthietichfepuosd$g, Bich06 asnam Artypioal sstdret ctotobg prooessi ner t
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tenperature bal ance of reactive species, and 1 nclusion one or nore
addi ti veppéreadalogeip; bBRJ cemistie (. Xe CINEFAKHCI, 8Bt BCI3] &8] beFdffputieclpuscst a
flowchart 500 of. the net hod erations of performng a |ocal

pl anar i 5_{*1@&ﬁ?0ﬁdr?*§*é%w&a?§ée?&ﬁ?ﬁ%ﬁap@mgP_ allyrdoppaang FedarReeshipEht i on.
I n operatiht} (oPOer Adife 6ﬂﬁtbﬁ'g@§)adasé@§£)‘%&exzﬁgcés§ cafgedsan \}a‘?@ug’érotc@s%
conductive overburden portion 112. | operation 510, the firSt etch

pr oces Paraneipplchebic adjustedrbveoitivg civhjraies and swfectihiey. atiod varamalprdcayser 202 and
t he conductive overP%dﬁgﬁﬁorti on 112. In oper ation 515, the second etch
pr ocesPAANCS PR Hif P& PIONESSA AR AT SHED 89 SRRt BTt R2l4ee oft o t he
endpoi Heacik69fectdd, A ALLEINATNE LABALIJMNes (2PEEL han | gp include
a fini shaceltchﬂegr otess as Ogesgr?geﬁg%dﬁg%ssﬁﬂgég%é??’ ﬁ?’(]){?%g{}gsmé ter the
fini shettkh can include selective barrier renoval and passivating the
remai ni ng conductive material 120 to prevent corrosion and provide

stabi | ij6§] f Eigdrustineflopchsesen BYtheAMetRsitbgdratak oPperaiinadddaer the finish
etch process can be designed not to significantly renmove any material but
only p AU AN Heacealidane wgh one embodiment of the present invention. In operation

505, the additional layer 202 is added on top of the conductive overburden portion 112, In
operation 510, the first etch process is applied to remove the majority of the additional layer
202 and the conductive overburden portion 112. In operation 515, the second etch process is

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

[69] In an alternative embodiment, operation 515 can also include a finish etch process as
described above. Subsequent processes after the finish etch can include selective barrier
removal and passivating the remaining conductive material 120 to prevent corrosion and
provide stability for further processing. An additional operation after the finish etch process
can be designed not to significantly remove any material but only passivate the remaining

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

[70]  Figures 6A-6D show a sequence of chemical conversion and etch-back processes
applied to a substrate 600 to increase local uniformity, in accordance with one embodiment
of the present invention. Figure 7 is a flowchart 700 of the method operations of the

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



conductive material 120 to prevent corrosion and provide stability for
further processing. [701 Figures 6A-6D show a sequence of chem cal
conversion and etch-back processes applied to a substrate 600 to increase
| ocal uniformty, in accordance with one enbodi nent of the present
invention. Figure 7 is a flowhart 700 of the nethod operations of the
cheni cal conversion and etch-back procésses applied to a substrate 600 to
increase local 15 wuniformty, in accordance with one enbodi nent of the
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705 and 710 can be repeated nultiple tines to substantially planarize the

over burdgpesitsd opitbmoeaburden petibs é§dent profil es 606' and 606", as shown in
Figure 6D, until the resulting profile is
[73] Referring now {o operation 710 and Figure 6C, an etch-back process is applied to

remove the additional layer 604. A portion of the overburden portion 602 may also be
removed, Removing the additional layer 604 results in further softening (i.e., planarizing) of
the profile of the overburden portion 602 to profile 606°. The Cu-halide substantially softens
the contours of the overburden portion 602. A Cu-halide can also maintain a substantially
1:1 etch-back selectivity with the copper overburden portion 602. Operations 705 and 710
can be repeated multiple times to substantially planarize the overburden portion 602 to
subsequent profiles 606" and 606, as shown in Figure 6D, until the resulting profile is

substantially planar.

[74]  Chemical conversion of copper overburden portion 602 utilizing shape dependence of
compound formation can be typically achieved by oxidizing the copper at the Cu-reactive
species interface. Copper oxidization in this instance can include a chemical conversion of

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



substantially planar. [74] Chem cal conversion of copper overburden portion
602 utilizing shape dependence of conpound formation can be typically

achi eved by oxidizing the copper at the Cu-reactive species interface.
Copper oxidization in this instance can include a chem cal conversion of

el emental copper to a copper conmpound with copper in a positive oxidation
state. By way of 16 exanple, oxidatio of the copper to cuprous- or cupric
chloride (CuCl or Cud 2) at the surface can occur in a chlorine plasnma at
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The method operations described in Figures 6A-7 can be used as a planar
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descri lica 10/ 328 ntitled
Syt em RSB ATRRR X (DA cth RSB BB B Pl PO o & it inon
Usi ng Edgye@mrent by Gotkis et al., filed on Decenber 23, 2002 and U.S.
Pat ent Application 10/251,033 entitled

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

and removal of the bulk of the overburden portion 602,

[78]  The local thickness of the substrates 100, 600 can be determined through any one or
more of several known layer thickness mapping technologies that are known in the art. By
way of example, an eddy current sensor can map the thickness of the overburden portion 112,
1127 as described in commonly owned U.S. Patent Application 10/328,912 entitled System,
Method And Apparatus For Thin-Film Substrate Signal Separation Using Eddy Current by
Gotkis et al,, filed on December 23, 2002 and U.S. Patent Application 10/251,033 entitled
System And Method For Metal Residue Detection And Mapping Within A Multi-Step
Sequence by Gotkis et al., filed on September 19, 2002.

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

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



System And Met hod For Metal Residue Detection And Mapping Wthin A
Multi-Step Sequence by CGotkis et al., filed on Septenber 19, 2002. [79]
The net hods and systens described in Figures 1-7 above describe various
approaches to substantially elimnating |local, pattern dependant
non-uniformties in an overburden portion. However, nethods and systens
described in Figures 1-7 above do not ldirectly address correction of

gl obal non-uniformties. dobal non-uniformties can include 17 variations
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chanber) or ex situ (external to the curréent process chanber). An in situ
mappi ndqupdiedasgstoans ialtbiokims.dynam ¢ and al l ow for the subsequent processes

to be dynami cally adjusted as the subsequent processes progress. [831 In

oper at i[g2y 83 optfadoh 8CHIthOMbangle Guathe blansfizddhe efuedsal por@st 14nhdppedid i es, as
determ ned in operation 815 above, are renobved in a substantially

mechaniidentifg pirdguantifieany Qeknd aga-upyforpifigsin the Phnari cdrmvedlurdagpationt B ng
pr Oces%la%?iri?(gad&%?gurﬁgneposlﬂgﬁ 'c;ﬁ fe &%&yédrxgﬂi? Qﬁfone or more of several known layer
thickness mapping technologies that are known in the art as described above. The mapping
can be 1n situ (within the current process chamber) or ex situ (external to the current process
chamber). An in situ mapping process can also be dynamic and allow for the subsequent

processes to be dynamically adjusied as the subsequent processes progress.

[83] In operation 820, the location and quantity of the global non-uniformities, as
determined in operation 815 above, are removed in a substantially mechanical stress-free
process by adjusting and controlling an etching process to address the specific requirements
of the detected global non-uniformities in a finish etch process. By way of example, if the
remaining overburden portion 902 were approximately 500 angstroms thick in the center and
300 angstroms thick on the edge, then the recipe can be adjusted such that the center to edge
non-uniformity can be compensated for so that the entire barrier layer 110 will be exposed
simultaneously. The stress-free process avoids the CMP problems described above because

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



of the detected global non-uniformties in a finish etch process. By way of
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the reci pe can be adjusted such that the center to edge non-uniformty can
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to correct for the global non-uniformties. By vvaa/ of exanple, typical
substrate temperature is low (e.g., less than about 200 degrees C) will maintain a low Copper

etch rate while still sufficiently chemically etching the mask material. Any plasma feed gas
including halogen reactive species (e.g., CF4, C2F6, C4F6) can be used. Etch rate control

additives can include Ar, 02, CH2F2 and others can also be included.

[87] Ifthe global copper recess and/or mask/ILD loss are non-uniform across the substrate
at the end of the finish etch and final etch-back process, then additional variations in the
recipe must be taken to correct for the global non-uniformities. By way of example, typical
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/ILD material. In the instance
of a center-fast finish eich 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



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 nmask/ILD |oss across the substrate.
Conpensation can be achieved to counter this variation to obtain globally
pl anar features with mnimal copper and mask |loss utilizing appropriate
uniformty and selectivity controls daring the final etch-back of the
mask/ I LD material. In the instance of a center-fast finish etch process

resul tidghdsihd AESehaeARRE brikE SRS sheIfR] §set'ﬂte ehpi 14 Rein Bk RSB Rpcan be
conpensated for by an edge-fast final etch back process which selectively

19 et cH¥s 10heTymek sefactontyalbtainedinithig praccssie geate thanabout? Vesatowppér | evel

in the features 102 104, T selectivit ai ne inthis

br oces<nf EiedR Pl gh VARt heonR) oG Rectorre. eibePlit SRS de f or
uni f or r@ubéftrafié’ %ﬁ th hﬂx%rﬂﬁ@ donfeRUES coh &Gt st LR hafihat \'NQI'P teiyl @At re.

substr at e, ion flux unif ormty control s, gas concentrations and chanber

wal | teVrmatlanutoecontth&faIMWUylmctiluiecromlrvohalsgd:leqiepms tyndentrhiie sulsaete ve

hal ogegﬁng es Cﬁ centration, substrate tenperature, and bias power. [88]
Al t er nat’ %rlab‘re ABAPERPPYFi ty in the remaining overburden coul d be
corrected and controlled by a selective wet-etch process. [89] A dynamc
i qui d [f8hi stiigneaspeosupportisindherameiag cecgurdes gppld bsfoprisetedard acr oss

a wafer n%ﬁ&%ﬂ&é&l%%{: Q{%ﬁ%r %@.Srl ous proximty heads and nethods of

using t escrlbed |n co omned co- pendlng u. S

Pat ent gglpl {/ggtl on 30, 843 Led on 4, 2002 03{] &l |tIed
"Meni sd T TRACVAHFC S Oy PG RRHEY G Ao Ve oG, G O & actos?

conti nyaken-wills :Pﬁ{oknﬁfty H&deWloﬂSpHxﬁmtﬁﬁ&&ﬂtané\%tﬁ&ﬁtdf%n@@he 10/ 261, 839
filed on Septenb 0, 02 and entitled "Method and Apparatus for Drying
Seni copaderatoty heWasfac d&anbatescowwmgi ao@lemchag LY. Retentt dipplisataomdl 0R0,&43s Hel d

ST T e 08 2l RS o TR,
10/ 330,83 isfd doﬁQn@d\oQﬁﬁ SAREF c8- n%g%%] S S |A%1 §Yo§1t 89 f@is1, @@‘b@%ﬂ ate

Processing with Meniscus, Vacuu vapor, Drying Manifol d" uU. S
Pat ent onAgptandat BAr2OND andemzillﬂ)aﬂ, ‘B9&hod mhcbﬂppmaﬂvmf@‘rDﬁSfmg m@@pndmtart | ed

"Met ho n st f Proc Substrate m ¢ i.quid

veni sodaler Syataes Kt HET B QUURS HeRem§r8sa egyhe adng

descri Redntd Uagditl Ei%bdﬁgﬂlsﬁtg ahd Q% N@the]&éﬂ%tﬁ%d afd Al@d@ao}s\éﬂrlﬁh 31,

2003, entitled ' I\/Et Systens or Processi'ng a Substrate Using a

Dynam &J.EiRpiérd Apdinatgeniso." 10838, 8 Ha fignlt ondpgleindat Mxrﬁ(]@i@ ert®le808yst@u fof i | ed on

2 2

June Zé’ubst(r)agg’ Pro%gs%m%nv%gtﬁ Memseus Vacuum, IPA vapor, Drying Manifold” and U.S. Patent
Application No. 10/404,692, filed on March 31, 2003, entitled “Methods and Systems for
Processing a Substrate Using a Dynamic Liquid Meniscus.” Still additional embodiments of
the proximity head arc described in U.S. Patent Application No. 10/404,692, filed on March
31, 2003, entitled “Methods and Systems for Processing a Substrate Using a Dynamic Liquid
Meniscus,” U.S. Patent Application No. 10/603,427, filed on June 24, 2003, and entitled
“Methods and Systems for Processing a Bevel Edge of a Substrate Using a Dynamic Liquid
Meniscus,” and U.S. Patent Application No. 10/606,022, filed on June 24, 2003, and entitled

“System and Method for Integrating In-Situ Metrology within a Wafer Process.”

[90]  Figure 10A 1illustrates a proximity head 1020 performing an exemplary wafer
processing operation in accordance with onc embodiment of the present invention. The
proximity head 1020, in one embodiment, moves while in close proximity to the top surface
1030a of the wafer 1030 to conduct a cleaning, drying, etching or other processing operation.

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



"Met hods and Systens for Processing a Bevel Edge of a Substrate Using a
Dynam ¢ Liquid Meniscus,” and U S. Patent Application No. 10/606, 022,
filed on June 24, 2003, and entitled "System and Method for Integrating
In-Situ Metrology within a Wafer Process.” [90] Figure 10A illustrates a
proximty head 1020 perform ng an exenplary wafer processing operation in
accordance wth one enbodi nent of the2present invention. The proximty
head 1020, in one enbodi nent, noves while in close proximty to the top
Surfaceczeaw@[@,aeteﬁ ét@ﬁth%%ﬁém]sgﬁgcé R)B@Q%@%Féw@feﬁi@ﬁ‘)”' Ronetnyl e R @RI NG or
ot her process$ing operation. |t should be appreciated that the proximty
head 1080emiE}p0ads swathe sotth¢ proadnity hmdoh)@@sndyd)egnpveznn adireanfaslioy zlosgch,

etc.) the, bottom surface .1030b of the wafer 103 n one enbodi t, t he
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1030a. By appl %/I ng the IPA 1010 through t gurce Inl et 1002, the vacuum
1012 t hicougded souercd 1 drbegh WRGdyrcandet HHO6, ﬂiemmmszeﬂi@b&mnb:b(gbﬂemtedough t he
source inlet 1006, the meniscus 1016 can be generated. [91] Figure 10B
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one enbodi nent of the present invention. In the tog vi ew of one enbodi nent,
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t hat maY/IPasindd IV areinputigsiaio the seiombriwsyuthe @romméty iead 4920 @I‘rﬁieth%f@f%e
i nl et nd th |, et
o0y R EPUS SR pd B A B ML A TR PR, o
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source outlets 1004 have circul ar openings. [92] Flgure | 1A illustrates an
exenpl 404 gesoxiber h@rcme@@ algpbe anww@bléﬁwrﬁd"@ewmy o asdppodionmeat of the
present. inyention

e ustra ctional.
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1100, 'aﬁ'd t@%@@fe@@ﬂﬁas%@ﬁhmlﬁém@%aﬁﬁﬁs of the present invention. The
proximty head 1100 includes a ring of nultiple process chemstry inlets

1104, r[m ripngse @ Amﬂlsru‘a%%% eg%glléﬁb%lﬁxm% aﬁrqu%,ilg% @tﬂ%aﬁ’ce"vhlﬁgo&f

mul ti pl'e vacuum outlets arious ‘inlets 1106 and
out | et smbaditheat ef te pessgednasviond Fipuse hsB® illki2@s a Fhaicmehsiew df1R0 is a

met r ol glgoﬁimity head 1100 and the meniscus 1150 formed by the proximity head 1100, in
accordance with one embodiment of the present invention. The proximity head 1100
includes a ring of multiple process chemistry inlets 1104, two rings of multiple IPA inlets
1102 and 1108 and a ring of multiple vacuum outlets 1106. The various inlets 1102, 1104,
1106 and outlets 1108 are arranged around a sensor 1120. The sensor 1120 is a metrology
sensor that can evaluate the progress of the fabrication process being applied by the
processing head 1100. The sensor can be an optical end-point detection sensor so as to

enable the above-described endpoint detection systems and methods to be used.

[93] The meniscus 1150 can include a “dry” central region 1152 where the liquid
meniscus is removed so that the sensor 1120 has no intervening processing chemisiry from
the meniscus 1150 between the sensor and the surface of the wafer 1030. Rotating the wafer
1030 and scanning the proximity head 1100, and therefore the sensor 1120, across the wafer
1030 can provide an in-situ scan of the entire surface of the wafer, as the proximity head

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



sensor that can evaluate the progress of the fabrication process being
applied by the processing head 1100. The sensor can be an optical

end- poi nt detection sensor so as to enable the above-descri bed endpoi nt
detection systens and nethods to be used. [93] The neni scus 1150 can
include a "dry" central region 1152 where the liquid neniscus is renoved
so that the sensor 1120 has no intervexing processing chemstry from the
meni scus 1150 between the sensor and the surface of the wafer 1030.

Rot at i ngrokbBR. Wadgding HA3@aride ?&:@B‘zﬂ:‘kqg a%Bﬁtr&%?ét’eH? th¥e 38881100 ch ﬁfb(éess .
therefore the sensor 1120, across the warer 030 can provide a

scan of wilhprowiveia@ossdichnical lodp ofibe waheroceas Tlhteclpmiﬂoasp tontfoeafithe ptohc esses
the wafer. The s 1120 can al so provide real tine feedback of the etch
21 pr ol8sEs B 30 %}? ﬂtnﬁ@l Palm ol P%C@@Eiﬁééws{ e &idignesst MeakERe-t hat
cont r ol &ny BEtHREGN P QEESTocdlh bhriddi QB ad itk sk n0f the etch
process. %"he cl oseié)I Ioo;p'sfcontrorl of ta eee ngh g{?cogcggéhgddr#&ﬁ&ow the control
syst em tamcemtations trésiedny tiad dot rates petsshreprahemssny andregladr préorss varidbies ofn t he

mul tiple. etch process vari abl es %& be a usted i ncl udi ng head p03|t|on
concent PERINEHET MOESPIFEHE PEICASS COpiralys PRpads ﬁ?§§§%P§§BG@H§ﬁF§PPVO @“@ther

pr ocesSeafdodbbiRenttdled &ibh ShdFRBMRE JHL \gﬁeﬁrﬁi IcR%n BIA Qgcﬁﬁescﬁg%fo%essj

provi ded. A nore precise process contr ever nore oncen
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wafer to a mnimum [94] The i n- situ, real tinme control of the process can
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process he surface. .of the wafer 1030. [96]

Fi gure fgdj%ﬁ r(\%}smélessmg @% p&%ﬁ@s Of’l?ﬁt Eé@E?’HH“f%“F% accordance wi th one

enbodi t
T&ﬂ In an alternative embodiment, the dry region 1152 is not required. By way of
example, if the sensor 1120 can measure film thickness through a layer of liquid (e.g., the

meniscus 1150) such as the process chemistry being applied to the surface of the wafer 1030.

[96] Figure 12 shows a wafer processing system 1200 in accordance with one embodiment
of the present invention. The wafer processing system 1200 supports a wafer 1030 between
multiple edge rollers 1212A - 1212C. A movable arm 1214A supports and moves a
proximity head 1020 over the surface of the wafer 1030. An in-situ sensor 1202 can be
mounted on the arm 1214 A, external of the proximity head 1020 or can be mounted on a
separate movable arm 1204 that can move independent of the movable arm 1214A that
supports the proximity head 1020. As a result, the sensor 1202 can scan and measure
corresponding locations near the process being applied to the wafer 1030 by the proximity
head 1020. Alternatively, the sensor 1202 can measure corresponding locations near the

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



of the present invention. The wafer processing system 1200 supports a wafer
1030 between nultiple edge rollers 1212A - 1212C. A novabl e arm 1214A
supports and noves a proxinmty head 1020 over the surface of the wafer
1030. An in-situ sensor 1202 can be nmounted on the arm 1214A, external of
the proximty head 1020 or can be nounted on a separate novable arm 1204

t hat can nove i ndependent of the novabhe arm 1214A that supports the
proximty head 1020. As a result, the sensor 1202 can scan and neasure
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by any nunb es of netrol ogy sensors
varlouﬁnnmdaﬁﬂ@yumﬁmsnrs By way of exanple the non- unlfornltles can be
mapped by an eddy current sensor such as described in co-owned and
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ex- si t an be mapped by an eddy current sensor such as described in co-owned and co-pending U.S.
patent applications: APN 10/328,912, entitled “System, Method and Apparatus for Thin-
Film Substrate Signal Separation Using Eddy Current”, filed on December 23, 2002, and
APN 10/256,0585, entitled “Enhancement of Eddy Current Based Measurement Capabilities,”
filed on September 25, 2002. The non-uniformities can be mapped either in-situ or ex-situ.
The non-uniformities can also be mapped and displayed such as described in co-owned and
co-pending U.S. patent application 10/331,194, entitled “User Interface for Quantifying
Wafer Non-Uniformities and Graphically Explore Significance,” which was filed on
December 24, 2002,

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

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



The non-uniformties can al so be mapped and di spl ayed such as described in
co-owned and co-pending U S. patent application 10/331, 194, entitled "User
Interface for Quantifying Wifer Non-Uniformties and G aphically Explore
Significance,” which was filed on Decenber 24, 2002. [99] In an operation
1330, a recipe for correcting the mapped non-uniformties can be
automatical ly devel oped. Devel oping the recipe can include quantifying each
of the mapped non-uniformties. By way of exanple a thickness and a
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provi de feedback to the controller 1402. The controller 1402 can then
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wafer 1408, if the wafer is rotated. Sensors 1420A, 1420B monitor and evaluate the
processes applied to the wafer 1408 by the dynamic liquid meniscuses 1410A, 1410B. In
one embodiment, the sensors 1420A, 14208 can provide feedback to the controller 1402.
The controller 1402 can then dynamically modify the recipe in response to the feedback from
one or more of the sensors. The sensors 1420A, 1420B can be included within the proximity
heads that support the dynamic liquid meniscuses 1410A, 1410B such as described in
Figures 11A and 11B above. Alternatively, the sensors 1420A, 1420B can be external to the
proximity heads that support the dynamic liquid meniscuses 1410A, [410B as described in
Figure 12 above. The sensors 1420A, 1420B can also be used to map the non-uniformities

as described in operation 1325 above.

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

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



heads that support the dynam c |iquid neniscuses 1410A, 14108 such as
described in Figures 11A and 11B above. Alternatively, the sensors 1420A,
1420B can be external to the proximty heads that support the dynamc

l'i quid neniscuses 1410A, 1410E as described in Figure 12 above. The
sensors 1420A, 1420B can also be used to map the non-uniformties as
descri bed in operation 1325 above. [1®2] In one enbodi nent, a system and
met hod to i rrprove planarization and non- unifornmty an optim zati on schene
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i dent i fandrhe thidlghetshef thhhakonsisandfy. t he non-uniformty. [1031 A
non-uniformty profile nodel of the previous process can al so be
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be a statlstlcal analysis (e.g., an average) of the non-uniformty
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can be determned through a statistical analysis of nultiple processes of

subst r aregowdproogsh. t he subsequent process. A neasurenment that both
precedes and foll ows the subsequent process can provide, for exanple, an
aver agg104nduah operation 1515, a removal rate profile model of the subsequent process can be

determined. A removal rate profile modei can be determined through a statistical analysis of
multiple processes of substrates through the subsequent process. A measurement that both
precedes and follows the subsequent process can provide, for example, an average removal
rate for each of several locations on the surface of the substrate. By way of example, a
dynamic liquid meniscus etch process can be applied to multiple substrates. Each of the
multiple substrates can be mapped before and after the dynamic liquid meniscus etch process
and a removal rate profile model can thereby be determined. The removal rate profile model
can include an average removal rate for each of several locations of the surface of the

substirate,

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

concentration and process time can thereby be correlated.



rate for each of several |ocations on the surface of the substrate. By way
of exanple, a dynamc |liquid neniscus etch process can be applied to
mul ti pl e substrates. Each of the nultiple substrates can be nmapped before
and after the dynam c liquid nmeniscus etch process and a renoval rate
profile nodel can thereby be determ ned. The renoval rate profile node

can include an average renoval rate fgs each of several |ocations of the
surface of the substrate. [1051 The renoval rate profile nodel can al so
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process. [107] In an operation 1530, the subsequent process renoves the

non- Unig @7)ith in Oh 8116 2532 MRS AR Bed: DA RE iUichAGRTRhI oo st T at e.

By way of ‘exanple, in a dynamc liqu meni scus etch process and a
subst r atbsttateasuchdlsat shaxomtaonpf the ﬁ\lhﬂ@]@@e By wgeof cnanwlm@ma dummmrlmuw can be

r enoved namc || d ne us etch process e a uniform
o elseht e PR e als et B SO g e rr Stpet e TedaR- oo e

r emve(ﬂmtf@ﬁﬂi‘t@@arﬁae :%HB%E@H& tf@'dy}iarﬁlcal'ﬂﬁﬁd aadiskid & ﬁi'o%bhrsfté‘%v% uh{T8rm
substrate. [108] It be further appreciated that the instructions

represenp@ﬂlamrthenonﬁmammdﬁ§5nheamymnm@cnpwxam@memfb@mmﬁweakavm@w4required

to be perfo n t he, or. ilJustr ted and that all the processing
represéﬂ?%ﬂ“gﬁyPh@abﬂE#QP&WW§uﬁ% bt C158 %@@%ssary to practice the

invention. Further, the processes described in any of the above figures

can al $808je Ii Wi esrdwtherannreciyed thakths iasiaiclons tspeesriteshiey e oppralisibiniayi ons
of the of atb%t)g ( gggb a%rno‘?l &@1 rgd gd }§é< (1%%(1?{1 thr%aorg&qﬁﬁlstnea'icd? Enﬂh%{ apfcessor
Sys rol system.
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processing represented by the operations may not be necessary to practice the invention.

Further, the processes described in any of the above figures can also be implemented in
software stored in any one of or combinations of the RAM, the ROM, or a hard disk drive of

a computer or microprocessor control systeni {e.g., a process control system).

[109] Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments
are to be considered as illustrative and not restrictive, and the invention is not to be limited to
the details given herein, but may be modified within the scope and equivalents of the
appended claims,

What is claimed is:



[ 109] Al though the foregoing invention has been described in sonme detai

for purposes of clarity of understanding, it wll be apparent that certain
changes and nodifications may be practiced within the scope of the
appended cl ai ns. Accordingly, the present enbodinents are to be considered
as illustrative and not restrictive, and the invention is not to be limted
to the details given herein, but nmay B$ nodified within the scope and
equi val ents of the appended clains. What is clainmed is: 26 CLAIMS 1. A
met hod for planarizing a patterned sem conductor substrate conpri sing:
receiving a patterned sem conduct or SdM%te, having a conductive
interconnect material filling a plurality of features in the pattern, the

conductive jnterconnect material having an overburden portion; renoving a
bul k df ¢ e SYBIBLIPHER BEReS BRASTRET P HSUEET AP HRCHAMPESIECt [ ess Lo t he
plurality qtcditialdpeBerndd S@BbMHREDr BEFdiIa QN hAfing B oRURHDLHGBoMRREL hBkavi ng
a non-uniformty in thickness; mapping the non-uniformty;, formng a
dynamifgling goludalie o Setsessindhe patteomgke eauiuptivd intreineg matepiedbavihgiang t he
non-unifq;qity;,@nd calculating an etch process chem stry concentration and
appl i CITTSH iRE e or r espondi ng to the quantified non-uniformty; and

appl yi ng a ehpamt tulldss e BBObLSGES pHON WHRRE RRpdtah S ScbiRi Y BRdE fo fhequi d
meni scus etch process recipe to correct the non-uniformty of the

r emai miurglifyordtfeaturesn fa reimeindngepdstionl efthoeveiborden pRrtichevivet duoeh-wii foginatiyrim 1,
wherein renmoving the bul k of the overburden portion includes renoving the
bul k OF &S over burden portion in a CVMP operation. 3. The nmethod of claim

1, wherein i 4pmH A nblenisinkityf the overburden portion includes renmoving
t he bul k of the overburden portion in a | ow down force CVMP operation. 4.

The net hod fefmiog aidmdmicfliguidmenisasmtilspmgess faipd ingludimgaddi ti onal | ayer on
t he overburden %ort ion, the additional, 6 |ayer being substantially planar.

5. The nethod of it Wﬁ&hem%w%ﬁ% ng the bulk of the overburden
portion includeg,ciuRng 8Nbich pkde & EHbBL Yy ERRBUIAGn bNE apdltlialibRRale | ayer.

corresponding to the quantified non-uniformity; and
applying a dynamic liquid meniscus etch process using the dynamic liquid meniscus etch

process recipe to correct the non-uniformity of the remaining portion of the overburden portion.

2. The method of claim 1, wherein removing the bulk of the overburden portion includes

removing the bulk of the overburden portion in a CMP operation.

3. The method of claim 1, wherein removing the bulk of the overburden portion includes

removing the bulk of the overburden portion in a low down force CMP operation.

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

portion, the additional layer being substantially planar.

5. The method of claim 4, wherein removing the bulk of the overburden portion includes

substantially entirely removing the additional layer.

6. The method of claim 4, wherein additional layer and the overburden portion have a

substantially 1:1 etch selectivity.



6. The nethod of claim4, wherein additional |ayer and the overburden
portion have a substantially 1:1 etch selectivity. 27 7. The nethod of
claim1l1, wherein applying the dynamic |iquid neniscus etch process using
the dynamic liquid neniscus etch process recipe includes: nonitoring the
dynam c |iquid neniscus etch process; and providing feedback to a dynamc

| i quid nmeni scus etch process controller27 8. The nethod of claim7, wherein
the dynamic liquid neniscus etch process controller automatically nodifies
at | east one aspect of the dgnarric | i quid nmeni scus etch process recipe
accor di-ng tbhaethpéetitlaink 1, ®herFineappistiipitie dynarhiziliuit) mehiecusieteht frecady nsing ¢

i qui q nﬁni scui. et chgprocesg controller, CT) es the dynamc |iquid neniscus
el at i 08 YHIHC LG IReligns £fch PLORSSS 5108 AR The met hod of claim 7, wherein
moni tor i ng hbGitEHRa GydahAb iduidBRéRSHS cRh PR REQGESS 1 ncl udes scanning a
surface of the substrate with a netrology sensor. 11. The nethod of claim
10, wher ei rrrovidinggeedbadgte sdnsoric liguid modnixdesletoh phicess dvatrditerani ¢ | i qui d

meni scus. 12. The nethod of claim 10, wherein the nmetrol ogy sensor maps the
non-uniformty. 13. The nethod of claim1, wherein mapping the

non- urg. £ or Maiméfed bAARi 4D LM O MARNTI AL ATLL YRTRldelLeduibntne
substrate including one or nore variations i n thickness of the non-

uni f orarfamyatizaldy snoddies eslsasidinngspeotaf the dyianmic digoil ménisdue etmheprodessmecipe
variations.in inhi kness of the non-uniformty. 14. The nethod of claim 13,
furth@FC(Ealr‘Pﬁrt? en%ecg’ﬁfl‘f'm zing a bul k renpval process used to renove the
bul k of the overburden portion to substantially elimnate a production of a
non- uniformty described by the non-uniformty profile during the bulk
renové&l pr ddessethat ofxlaisuhseguentthydymeasd ligdd patnienseidh perdessonadtroll@rmoves
substrate. 28 .15. The nethod of claim 14, wherein formng a dynamc |iquid
neni s@l&‘?}glﬁ c Heygd Quiscuzfeldivero ASH ?Cq(’%éIP%ﬂ’@é@ratEaI culating a renoval rate
profile nodel for a subsequent process; conparing the non-uniformty
profile for the substrate to the renoval rate profile nodel for the
subsedlent Tiheoozlsst ofadm 7, wherein monitoring the dynamic liquid meniscus etch process

includes scanning a surface of the substrate with a metrology sensor.

11. The method of claim 10, wherein the metrology sensor is included within the dynamic liquid
meniscus.

12. The method of claim 10, wherein the metrology sensor maps the non-uniformity.

3. The method of claim 1, wherein mapping the non-uniformity includes identifying a non-

uniformity profile for the substrate including one or more variations in thickness of the non-
uniformity and a corresponding location for each of the one or more variations in thickness of the

non-uniformity.

14. The method of claim 13, further comprising optimizing a bulk removal process used to
remove the bulk of the overburden portion to substantially eliminate a production of a non-
uniformity described by the non-uniformity profile during the bulk removal process for a

subsequently received patterned semiconductor substrate.



optim zing one or nore paraneters of the subsequent process. 16. The net hod
of claim 15, wherein the subsequent process can include at |east one of a
group of processes consisting of the dynam c |iquid meniscus etch process,
a dry etch process, and a wet etch process. 17. The nmethod of claiml,
wherein the conductive interconnect material includes copper. 18. The

met hod of claim 1, wherein the conducti¥® interconnect material includes

el enental copper. 19. The nethod of claim1l, wherein the pattern is forned
on the att@%ned{ﬁé@m ci)nduct or substrate in a dual damascene process. 20.
A seni &dndudf'oreiediof Slaig, de wrharpinfoppinesul wamie liayid grenissuestoh prpcesspegiper ned
sem copguet Riwgubstrate, having a conductive interconnect material filling
a plurality of features in the pattern, the conductive interconnect

mat eri al havilagatarg a @wevbliacegrofiterthodeh forr £4Végugntaprbetsk of the overburden
portion wthout | ITpﬁlI’ti ng nechanical stress to the plurality of features,
a remai ni ng“PIRAF IS GROT-RtFuEie Bledfonde sh b atedoithgyremayehtatarirp Glermaedel ifor

t hi ckngss; gg&p&lt’ e n-uniformty; formng a dynamc |iquid nmeniscus
etch Bt?iocggs rec g’e"E%]*h% uding: quantifying the non-uniformty; and

cal cul at i ngomtimietnglonprop eess pahericss ¢ithe aitaeqichepicosssand application tine
corresponding to the quantified non-uniformty; and 29 applying a dynamc
| i qui d neni scus etch process using the dynamc |iquid nmeniscus etch process

recipedo c i,.f or.mi f.the remainin rtion of the

over buren psr ol BEGRAR UL AR Y sibse iR P S0 T Sl RsRne P8 aroc.
st r uctafipeo@ssrprosNisigp of tiRC@imm@liguid wadniRasmeck R Ak Y Al pRRBsCAHI0IGEON
substrate, having a conductive interconnect nmaterial filling a plurality
of fediHt¥ESH the dual dammscene pattern, the conductive interconnect

mat eri al having an overburden portion having a non-uniformty in thickness;
formng an additional |ayer on the overburden portion, the additional |ayer

bei ng If7or mekhe raethsd anélhiat I ywikrainahe caRfc@icCinicginbs adhilimades!dygssy. and at
| east part of the overburden portion to renove a bul k of

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

copper.

19. The method of claim 1, wherein the pattern is formed on the patterned semiconductor

substrate in a dual damascene process.

20. A semiconductor device formed by a method comprising:

receiving a patterned semiconductor substrate, having a conductive interconnect material
filling a plurality of features in the pattern, the conductive interconnect material having an
overburden portion;

removing a bulk of the overburden portion without imparting mechanical stress to the

plurality of features, a remaining portion of the overburden portion having a non-uniformity in

thickness;
mapping the non-uniformity;
forming a dynamic liquid meniscus etch process recipe including:
quantifying the non-uniformity; and
calculating an etch process chemistry concentration and application time

corresponding to the quantified non-uniformity; and



t he overburden portion, the additional |ayer being substantially entirely
renoved, a remaining portion of the overburden portion having a

non-uni formty; mapping the non-uniformty; formng a dynamc |iquid

meni scus etch process recipe including: quantifying the non-uniformty;
and cal cul ating an etch process chem stry concentrati on and application
time corresponding to the quantified n-unifornity; and applying a
dynam c |iquid nmeniscus etch process using the dynamc |iquid neniscus etch
process recipe to correct the non-uniformty to of the remaining portion of
t he ovPbingieAynapye Lineid mapscuykich psedestiusins diesynapir, ianbmeniscussHITALESs he

dynam go bl QLo PR SGHS B 60 PLAGES S nR L Ihor b 1S AHDBNLE bl g eni scus
etch procCess reci pe I ncludes:” noni't ori ng=tthe dynam ¢ T1rquid ' meni'scus etch
process; and providing feedback to a dynam c |iquid neniscus etch process
controller. 23. The method of claim 22, wherein nonitoring the dynamc

| i qui dlmeni4 sigghask effoprivgaghial damdsaenssnisteannedi giractBierdoaeisie: t he substrate
e aette 3R08 e 08 BRlE R0 R RERRRor 350 e, WY d2EndldiL M T
interconnect material filling a plurality of features in the dual damascene pattern, the conductive
interconnect material having an overburden portion having a non-uniformity in thickness;
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 remove a bulk of
the overburden portion, the additional layer being substantially entirely removed, a remaining
portion of the overburden portion having a non-uniformity;
mapping the non-uniformity,
forming a dynamic liquid meniscus etch process recipe including:
quantifying the non-uniformity; and
calculating an etch process chemistry concentration and application time
corresponding to the quantified non-uniformity; and
applying a dynamic liquid meniscus etch process using the dynamic liquid meniscus etch
process recipe to correct the non-uniformity to of the remaining portion of the overburden

portion.

22.  The method of claim 21, wherein applying the dynamic liquid meniscus etch process using
the dynamic liquid meniscus etch process recipe includes:
monitoring the dynamic liquid meniscus etch process; and

providing feedback to a dynamic liquid meniscus etch process controller.

23. 'The method of claim 22, wherein monitoring the dynamic liquid meniscus etch process
includes scanning a surface of the substrate with a metrology sensor, the metrology sensor being

included within the dynamic liquid meniscus.



