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the substrate is exposed to various contaminants. Any material or chemical used in the

fabrication operations to which the substrate is exposed is a potential source of contamination.
Chemicals used in the various fabrication operations, such as etching, deposition, etc., leave
deposit, such as process gases, etching chemicals, deposition chemicals, etc., on and around
features, such as gate structures, formed on the surface of the substrate, as particulates or
polymer residue contaminants. The sizes of the particulate contaminants are in the order of the
critical dimensions of the features being fabricated on the substrate. These contaminants lodge
on the top, along the side walls and in between the features in hard-to-reach areas, such asin a
trench surrounding the delicate features, and may likely cause damage to the features within the

vicinity of the contaminant particles.

[0003] A typical gate structure formed on a substrate may include a stack of layers made of
different materials defining the gate structure. The gate structure may include a layer of gate
oxide over which an electrode is fabricated using one or more layers of metal, such as tungsten,
tungsten compounds, etc. The metal that may be used in fabricating the electrode may include
tungsten, tungsten silicide, tungsten nitride, tantalum, polysilicon, silicon oxide, aluminum
oxide, hafnium oxide, silicon oxynitride, tantalum nitride, etc. A layer of polysilicon is formed

on top of the metal layer and a hardmask layer is fabricated over the top of the polysilicon layer.
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of met glruduk22. A polysilicon layer 125 is forned over the netal |ayer and
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tradi tional batch tool. The prol onged exposure of the gate
over the gate oxide 115 using one or more layers of metal. In the metal gate structure illustrated

in Figure 1, the metal electrode is formed using a layer of metal 1 120 and a layer of metal 2
122. A polysilicon layer 125 is formed over the metal layer and a hardmask layer is formed
over the polysilicon layer. The hardmask layer may further include one or more layers of
hardmask. As depicted in Figure 1, the hardmask layer includes 3 layers of hardmask, mask 1
130, mask 2 132, and mask 3 134. The etched materials and the etching chemicals used in the
etching operation to define the stack deposit metallic or polymer contaminants on the top and
sidewalls of the gate structure. Typical contaminants include polymer residues 140 and metal

containing polymer residues 142.

[0005] Figure 2 illustrates some of the potential issues experienced at the gate structure as a
result of a cleaning process using a traditional batch tool. The prolonged exposure of the gate
structure to aggressive cleaning chemistry used in the batch tool results in the erosion of the
hardmask, otherwise known as hardmask pullback. The hardmask erosion results in the

premature exposure of the underlying layers leading to potential damage and/or further
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in numerous ways, including an apparatus and'a method. Several inventive embodiments of the

present invention are described below.

[0008] In one embodiment, a method for removing polymer residues from around a metal gate
structure during a post-etch cleaning operation, is disclosed. The method includes determining
a plurality of process parameters associated with a metal gate structure and the polymer residue
formed around the gate structure. The gate structure includes one or more layers of fabrication.
The process parameters define one or more characteristics of the one or more fabrication layers
comprising the gate structure and of the polymer residue formed around the gate structure. A
first and a second cleaning chemistry, to treat the surface of the substrate, are identified. One or
more application parameters for each of the first and second cleaning chemistries are defined
based on the process parameters. The first and second cIeaning chemistries are applied
sequentially to a portion of the surface of the substrate using the application parameters in a
controlled manner so as to provide an optimal exposure of the portion of the surface of the

substrate to the first and second cleaning chemistries for an optimal period of time such that the
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Figure 2 illustrates a sinplified schematic diagram of potential issues and
damages experienced at the post-etch metal gate structure illustrated in
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illustrating by way of example the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention may best be understood by reference to the following description taken in
conjunction with the accompanying drawings. These drawings should not be taken to limit the

invention to the preferred embodiments, but are for explanation and understanding only.

[0012] Figure 1 illustrates a simplified schematic diagram of a typical post-etch metal gate

structure, in one embodiment of the invention.

[0013] Figure 2 illustrates a simplified schematic diagram of potential issues and damages
experienced at the post-etch metal gate structure illustrated in Figure 1 during cleaning

operation, in one embodiment of the invention.



etching operation. Figure 3Aillustrates a sinplified DRAM gate structure
after full etch, in one enbodi nent of the invention. Figure 3B illustrates
a sinplifweadodRabl4gat e structure after partial etch, i npamatshewoeswbodi ment
of the invention. Figure 3Cillustrates a sinplified Flash tungsten gate
structure after an etching operation, isn another enbodi nent of the
invention. Figure 3D illustrates a sinplified tungsten gate Logic structure

ft hi i i t h i ment aof the i tion. [0015
i gur e 100 Flayes 2 a0 e it e i o Er A PP Or T RS ARFal
g ?t e Stefc'l’lﬁ&lr??_@raﬁt)ﬁ.e Fiﬁaré Xﬂiiﬂé‘étrét&rﬁ(si?gﬁﬁ% DR AOVIRIa8S étAltture AfteNfallestEn dh oBat

of the invention. [0016] Figures 4A- illustrate sinplified schematic

di agr ammbodimgetofitbd inveation.nhigues 3B idustries arsenplifisd DRAM gotegdrustuse afliert ur es

il in .Fi - f | eani i.Qn. '
11 ust par oo mehEN R e R he BB, BOLRPE; hiies hblncd e 0

usi N9 qurghtes bate!sBaMuRDafedtQRiesdbing aptat@s; anshothe @fibddirmddf s ventibnone
enbodi nent of the invention. [0018] Figure 5 illustrates a sinplified
schenatfigure? R ghustiatss asinphifiehiunsaign gatetlingiappciua afterarostching 9peratandacond

application chem Y ] rface of the substrate, in one enbodi nent of
the i n@gﬁtﬁ s %O?Uﬁgrg]()fl@?eg&ogm%ogl
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effective renoval rate of polyner residue using the first and second
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the invention. DETAI LED DESCRI PTI ON [ 0023] Several enbodinments for
ef f ect i[0@17y Figamo4Drijussuitssrreresuleanit cnesal gaterstiug@rnefiorat deansegeRarationgushes ¢ ner

id I . : . . .
g R S T S L A T et R

skilled in the art, that the present invention nay be practiced w thout

sone or all of these specific details. In other instances,. well linown
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first and second application chemistry to the surface of the substrate, in one embodiment of the

invention.

[0019] Figures 6A and 6B illustrate graphs identifying effective removal rate of polymer

residue using the first and second cleaning chemistry, in one embodiment of the invention.

[0020] Figure 7 illustrates the optimal exposure time and carrier speed required for effective

removal of metal containing polymer residue removal, in one embodiment of the invention.

[0021] Figure 8 illustrates the optimum concentration for effective metal containing polymer

residue removal rate, in one embodiment of the invention.

[0022] Figure 9 illustrates various method operations involved in removing polymer residue
from around a metal gate structure during post-etch cleaning operation, in one embodiment of

the invention.



unnecessarily obscure the present invention. [0024] Effective renoval of
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for t h&MPERERTATEY QOPCHEJPERLPIN 1BVCSt i es based on the process paraneters.
The application paraneters are used in applying the aggressive chem stries
sequentially in a controlled manner so_that optinmal remval of polyner
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chem stries, t’he negative effect’s experienced at the gate structure will be
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plurality of fabrication layers forming the gate structure and the various types of polymer

residues formed around the gate structure feature. The process parameters define one or more
characteristics associated with the different layers of the gate structure and the polymer residue.
A first and a second aggressive chemistry are identified and one or more application parameters
are defined for the identified aggressive chemistries based on the process parameters. The
application parameters are used in applying the aggressive chemistries sequentially in a
controlled manner so that optimal removal of polymer residues is enabled without losing the

structural integrity of the gate structure.

[0025] The advantages of the various embodiments include use of simple, common chemistries
to effectively remove the unwanted polymer residue resulting in a substantially clean device.
The controlled application of the aggressive chemistries effectuates removal of polymer residue

with precise control of critical dimension.



dielectric constant filmlayer forned over the source/drain 105. Layers of
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an enbodi nment o ash tungsten netal gate structure fornmed
structure will leave polymer residue contaminants 140 and metal containing polymer residue
contaminants 142 on top and along the sidewalls of the metal gate structure. It is essential to
remove the unwanted polymer residue contaminants 140, 142 while preserving the

characteristics of the metal gate structure.

[0027] The gate structure illustrated in Figure 1 is one example of a gate structure formed over
the substrate. Variations of the gate structure are possible. Figures 3A-3D illustrate some
variations of the gate structure illustrated in Figure 1. Figure 3A illustrates a DRAM gate
structure after a full etch. A gate stack of the gate structure includes a gate oxide 115 formed
over a silicon substrate 100. A poly silicon layer 125 is formed over the gate oxide 115
followed by a layer of metal 1 120 and a layer of metal 2 122. A hardmask layer 130 is formed
over the metal 2 layer. As can be seen, after the etching operation post-etch polymer residues
140 and metal containing polymer residues 142 form around the gate structure. It is a challenge
to get rid of the polymer residues formed around the gate structure without actually damaging

the various layers of the gate structure.



over the silicon substrate 100. The gate stack of the gate structure

i ncludes a gate oxide 115 fornmed over the substrate. A protective |ayer of
silicon nvorooe3iB2 is formed over the gate oxide 115. lPayarssooofo4ost al 1,
120, netal 2, 122 and nmetal 3, 124, are formed on top of the silicon
nitride |layer 152. A hardmask | ayer 1308is forned on top of the netal [|ayer
124. [0030] Figure 3D illustrates a post- etch gate structure fornmed over

the sil ubstrate 100, in odi ren i.n t tioned
earl i er[hmﬁ's%‘trﬁéﬁa 33%‘“@%? lrogseiqg gﬁt tulIIe i’ b cm\(l:e? %%R[ Tf%sel %?%]ayer
115 is si@éﬁ@tn%@&re@'%s%ﬁﬁ&pd’s Srebslt bﬁirﬁop@ dithiprakedsywie thegiod sﬂxameras'er such
as a layer of netal 2, 122, and netal 1, 120, are forned over the hig

di el ect1r2|5(fOlt§1@ﬂtisQVz§nthefqnlﬂﬁ¢W@§§te gisoxigpd | fandfhey %iﬁ‘efrt%‘:kn‘ﬁfowqmétpéﬁl%‘r“

t ant al s ers, such as tungsten, tungsten suicide, tantalum

t ant al Eﬁ% %ql tl%te(r:l‘%%w top of the metal layers, a layer of poly silicon
125 is formed. 01 top of the poly silicon 125, a hardnmask |ayer is forned.

The var[0o2y Riﬁnﬁ'ﬂ”i:i@tﬂl&smeﬁaﬂ embodmenhtof mﬂashpangmémedegmistruauwfwmbhe gat e
features as ymer residues 140. Renpv [
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i ssue when a batch tool is used duri ng cl eani ng operation. A batch tool,

such ag0e80)i FTBRESDPMubRaMKs b POst-etd Site SxadieormmEdSRS ShOfiliRaT QIbdtrate @B, inank
tool, is used to effectively renove the polyner residue contam nants. The

bat ch tanglembegisans of the iBveisionatAs mentipnes sarkiss withthar ke Brustyres Adreh t o t he
cl eani 309 18&%%855&% ¢ 0 1§ Jrelfi% ?\:Fox{n%ﬁ%‘égx'th tcB 'trBAEEEE lﬁ«'a‘h Y m 1'1Q
em St X/ ank too

| ess aggressive C |he Icrent c ean
pr oces sucNhenlagendf Betabpr HQS hvemetagn] 520, yre f$>rru8d3 dverrthé h%htdieikcmo thnsthﬂtte
gate structure experiences high terial loss, as illustr ted in Flggre 3E.

The agdilesiavere lohdimeangty! lauas Mmay b tuagsispon trrtalyg bgsed Stal] AYSEYy SHER ¢
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eroding t mask ayer t her eby exposi ng t heunderlying |ayers of
gate stpolygsilicen 125 tstferrmggr@slstopefdﬂeqmiw sifjcah &2, sthardmsasfuryergs tdrowdi ddeand

Cever o AARATE PR Gt Livd s SELe EPer R R o D Bl Gl oS ro D cal o
resul tipgahdd @odRERaRAl 6f the @@ﬁ%t@bﬂ)ﬁyﬂl@? fesfdued! €40mRIuding metal containing
polymer residues 142 are challenging as the chemicals used to remove these residues during a
cleaning operation, tend to damage one or more layers of the gate structure. Figure 2 illustrates
one such example of potential cleaning issues of mask pullback and undercut to the metal layers

due to metal corrosion, when the traditional cleaning tools were used.

[0031] Figure 3E illustrates another potential cleaning issue when a batch tool is used during
cleaning operation. A batch tool, such as an immersion tank tool, (for example, Process of
Record (POR) tank tool, is used to effectively remove the polymer residue contaminants. The
batch tool exposes the substrate with the associated gate structure to the cleaning chemistry for
effective removal of the polymer residue. Using a less aggressive chemistry in the tank tool
leads to inefficient cleaning process. When a more aggressive chemistry is used in the tank
tool, the gate structure experiences high material loss, as illustrated in Figure 3E. The
aggressive chemistry used to dissolve the metal containing polymer residue contaminant will

also react with the hardmask layer severely eroding the hardmask layer thereby exposing the



[ 0032] Conventional nethods used an immersion tool to expose the surface of
the substrate to cleaning chem stries. Wien a | ess aggressive cl eaning
chem st rywpD0uwgs6144n t he i mrersion tool, the cleani ng wasTiusedobjociosnt with
very poor profile control. On the other hand, when a nore aggressive

chem stry is used to treat the surface ©f the substrate, substantial danage
to the fabrication layers occurs including pullback of the hardmask | ayer

and undercut of the_.various fabrication |ayer bl ust. ' gure 2.
Thi's 1 urdrtyne oy iy of W el Sy Bhe b SHE ronB e BhE g B’ o
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t he net g| taln | ymer residue during the cleaning operation. These
aggresI?W€%@EE%¥€%£g%§?'homever, al so react wth the nmetal containing
fabrication |layers and the hardmask | ayers resulting in renoving portions
of hardmask | ayers (hardmask pull, back) &ﬂ undercutting portions of the
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the vagieptToh@MihepdlyaRr FRydies, Rkrdshive ghémistridsued chienbidhethef heaggresdive
removi ng the polyner residue contam nants from around the gate structure.
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cleaning result for a tupgsten netal gate structure jJlustrated.in Figure
S0 As Wk b hardessh o FRgR O Er b BT ST TR RO0RINTS ¢ ho
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W t houtfa%gan%%?%gggnm;%g %ﬁg&fmaﬁloﬂrai cation rI éyae??.l [C0034] Fi gure 5§i [l ustrates
a syst emi&Q0ngWabhicatien layerahat domm theeghte sinichure etuprematurely sxpeseddniapgpient

environment which includes chemicals used in subsequent fabrication operations, leading to

contamination or damage of the underlying layers. The contaminated/damaged underlying
layers may render the resulting device inoperative. It is, therefore, beneficial to prevent the
hardmask pullback while preserving the underlying fabrication layers that may otherwise

prematurely expose the gate oxide layer to fabrication chemicals.

[0033] Figures 4A-4C illustrate the cleaning results desired from a cleaning operation for
various gate structures depicted in Figures 3A-3C. The expected desired result preserves the
various fabrication layers of the gate structure while effectively removing the polymer residue
contaminants from around the gate structure. Towards this end, Figure 4A illustrates the
desired result expected after a cleaning operation for a full-etch gate structure illustrated in
Figure 3A, Figure 4B illustrates the desired cleaning result for a open-etch gate structure
illustrated in Figure 3B and Figure 4C illustrates the desired cleaning result for a tungsten metal

gate structure illustrated in Figure 3C. As can be seen, the desired results require effective



chem stry and a second cleaning chemstry to a surface of a substrate 100
in a controlled manner to substantially renove pol yner residues deposited
around neweal2ogaal4gt ruct ures, in one enbodi nent of the POYAIS209M04083he
system 500 i ncludes a housing chanber 510 having a substrate supporting
device, such as a carrier 550, to receil®e, support and transport a
substrate through the housing chanber 510 on a sel ected plane. The

substrate 100.is received . at the substrate.input region.515 trans d
© hr ougrFaovALgf (i RRPTReraRed gt catpgaps o aptaE e SeBimne ses i B
del i veggdagifg bhe of tHReShbrida€ioR WdyRw. region 560. The embodi ment of Figure 5
shows a pair of proximty heads positioned on either side of the selected

pl ane t hrough which the substrate 100 is transported, to deliver the first
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meni schsadsifdiand@h 5 ed delveared tocttie shbstuatghowtpwoagonisng. Ihe embodaent ohHtgtred

to the _proximty heads 545 and 555. The system 5 i ncl ude reservoirs
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cheni styd &Bsirate 1 06 iPranspHidd] th8aNRr t1RABrsesdl £86nd AetlIRFLBM¥rARRG bett i On
nmechani sm 520 connected to the reservoirs 525 and 530 control the fl ow of

the fi siles afthesubsyrate 0% altshepld he aptsdthas shis kpofigiiatioreolproximity headsitls 545
and 555. The chem st | i i 1=Je] i i de. . r nore
pr eci sF%S?{“E‘SFVt ¥ ssh °f igy%oﬁgglcggsgéuﬁg %(S)Ill elgg%eﬁ%ggs?} ltg?% ¢ tg&%ﬁggﬁl&%ﬁa&%econd

cl eani genfeg\enbisisofesoimityheady muy Aish Ye kongderbd Soraifftctibbdclediting pf theisabstrate
controls may be renotely controlled by the conputing system 505. Software
in thelB®nputing system 505 may be used to manipul ate the precision
controls suchthat proper anmount of first and second application chem stries
are supplied to the proximty heads at appropriate stages of the cleaning
pr oces$0035] Atherfakt sey obhfropmaicelssdp 44 5 aeet wsed to apply a first cleaning chemistry and the

second set of proximity heads 555 are used to apply a second cleaning chemistry, respectively,
as menisci to the surface of the substrate during é post-etch cleaning operation. The term,
“meniscus,” as used herein, refers to a volume of liquid bounded and contained in part by
surface tension of the liquid. The meniscus, defining a contained chemical region, is
controllable and can be moved over a surface in the contained shape. Furthermore, the
meniscus shape can be controlled through a computing system 505 connected to the proximity
heads 545 and 555. The system 510 may include reservoirs 525 and 530 to receive, hold and
supply the first and second cleaning chemistries to the proximity heads, 545 and 555. A
chemistry application mechanism 520 connected to the reservoirs 525 and 530 control the flow
of the first and second cleaning chemistries through the proximity heads 545 and 555. The
chemistry application mechanism 520 may include one or more precision controls to enable
controlled delivery of the first and second cleaning chemistries to the proximity heads 545 and
555. The precision controls may be remotely controlled by the computing system 505.

Software in the computing system 505 may be used to manipulate the precision controls such



associated wth the various fabrication |ayers and the polynmer residue
contam nants is used to nmani pul ate the delivery controls so that adequate
anount s obothm/d3Br4igt and second cl eaning chem stries arecualscaenesdst o t he
proximty heads. [0036] The application of the first and second cl eaning
chem stries is based on the plurality of process paranmeters. The process
paraneters are obtai ned by anal yzing various fabrication layers that form

the gate structure and.the pol r residues that need to be renoved. The
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during the cleaning operation.” These aggressive chem stries are known to
cause consnttetierh temperrie exposunetimeaans terget sl tite ph sergighsducieranatgnalihen
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chemi st¥FfeY tP%EquF?Sar}ggagef Iﬁ%%lff?%grl?%n%%{f: Og‘ﬁl \%ﬁs\éﬁjﬁcn%lp n?@&%&%@ﬁ ogrc }rjfgrcljthaer ound
t he gatRodebd diCdatd MEnWfACHiriapPhdysitclude 8ilzon ok ilel (SIONEMMEIstehqW g Tuhghtéred
amount of tinme. In one enbodinent, the first cleaning ch?m' stry. i s amoni um
per oxi ddicidex TunrgstenaSNyidentantalembisagte Tantahum.igd othsrs-sThs s clgpnigg e d
Hydr of | 4of | ' e lehi fsereld SO G BEBathh¥eRSsol that S
cnoun 3ol Bl Sedidleanfi el £ <Ll ol ATEE RS BabibcRSol ha
ef f ect ithepolyeepresidye chetandinamt ae effiectivebasnd sbstaotiatbdrenmovet avitholos daraaging
However, as nentioned ear,lLi er, . . .
the gate structure teature. The process parameters associated with the fabrication layers and
polymer residues may vary from one substrate to the next. It is essential to preserve the gate
structure formed on the surface of the substrate during the cleaning operation so that the

functionality of the gate structure and that of the semiconductor device is maintained.

[0037] The first and second cleaning chemistries that are selected based on process parameters
are aggressive chemistries that are normally not used in traditional tools during the cleaning
operation. These aggressive chemistries are known to cause considerable damage to the
features formed on the substrate 100 when exposed over an extended period of time. However,
these aggressive chemistries facilitate effective removal of polyrﬁer residues formed around the
gate structures when applied in a controlled manner for a limited amount of time. In one
embodiment, the first cleaning chemistry is ammonium peroxide mixture (APM) and the
second cleaning chemistry is diluted Hydrofluoric acid (dHF). APM is an effective cleaning

chemistry as it is known to interact with metal containing polymer residues effectively



APMis al so known to be an aggressive chem stry with high renoval rates for
tungsten and tungsten containing conpounds nmaking it difficult to use it as
an ef f ectwoeonlsaning chem stry for cleaning tungsten ceocraiSeéoagoaeyi ce
stacks, such as the gate structures, in conventional batch cleaning tools.
In order to avoid damage to the fabricd2ion |layers of the gate structure,
especially the ones that contain tungsten/tungsten conpounds, the first and

second cl eani chem stri ar ' i y 0 usi ng
he_or BreiTs et ReEE BRR 8Bl HERR &0 TR, 19
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function o near speed at I Ch the substrate is transported under the
pr oxi matpuhiesfdsetainfilm hoss wi tie Habricatine layers efdhe faarae dueys BEM gpplicationo t he
surface of the substrate. Accordingly, F(t exposure t ne) = f (Meniscus
Wdt h/surface area, substrate |linear speed). The linear speed o f the wafer

may be [GE38] M@ ds§ist i infigin josade glehd a@Sirawelirfak to thdtlesningohemizaiance,

if the proximty head 545 is capabl e of applyi ng a nmeni scus that is about
20 mm wneer motreapplisation pasametspedrd dsfingdhior sagisefithe Srstapd secondicleaning t o about
20 mm sec 1 o.give an | i | . IN&aps g
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concentration, exposure time, temperature, pressure, and flow rate. In one embodiment,
exposure time may be further defined as a function of linear speed at which the substrate is
transported under the proximity heads and the width of the meniscus that may be applied to the
surface of the substrate. Accordingly, F(t exposure ime) = £ (Meniscus Width/surface area,
substrate linear speed). The linear speed of the wafer may be controlled using mechanical
devices such as a motor. For instance, if the proximity head 545 is capable of applying a
meniscus that is about 20 mm wide, then the linear speed of the substrate may be adjusted to
about 20 mm/sec to give an exposure time for the application of first cleaning chemistry of 1
second. Depending on the exposure time desired for each of the first and second cleaning

chemistries, the linear speed of the substrate under the proximity heads may be adjusted

accordingly using the motor.

[0039] Upon establishing the application parameters for the cleaning chemistfies, the first and
second cleaning chemistries are applied to the surface of the substrate sequentially in a

controlled manner using the first and second proximity heads, 545 and 555, based on the



controll ed manner using the first and second proxi mty heads, 545 and 555,
based on theapplication paraneters. The order of the application of the

cl eani ng wbhenimi3sidses is not rigid. In one enbodi ment, fiPCIUSeILANIRY

chem stry (APM is applied using the first proximty head 545 fol |l owed by
the application of the second cleaninglghem stry (dHF) using the second
proxi mty head 555. In another enbodinent, the first cleaning chemstry
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respective cl eani ng operatiopn. Consequently, the order of treat t of.
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of eaclgl of the first and second cl eaning chem stries may use the sane
rinsind®¥enmi stry or different rinsing chemstries. [0041] The first and

second proximty heads (545, 555) are configured to deliver the cleaning
chem str%wand the rinsing chem stry as nmenisci to clean and rijinse. the
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kept chemistry. The rinsing operation following the application of each of the first and second

cleaning chemistries may use the same rinsing chemistry or different rinsing chemistries.

[0041] The first and second proximity heads (545, 555) are configured to deliver the cleaning
chemistry and the rinsing chemistry as menisci to clean and rinse the surface of the substrate.
The cleaning chemistry and rinsing chemistry menisci may be connected or separated. In one
embodiment, the cleaning chemistries and rinsing chemistry menisci are connected. The
proximity heads (545, 555) are configured to enable connection between the cleaning chemistry
meniscus and rinsing chemistry meniscus. In this embodiment, the applied cleaning chemistries
are used once and not reclaimed after the application. In another embodiment, the cleaning
chemistries and rinsing chemistry menisci are separate. In this embodiment, each of the
proximity heads (545, 555) is configured such that the cleaning chemistry meniscus is kept

distinct from the rinsing chemistry meniscus. Accordingly, in this embodiment, the applied



distinct fromthe rinsing chem stry neniscus. Accordingly, in this

enbodi nent, the appliedcleaning chem stry can be reclainmed after

appl i cat iwo 2bovo3sE4use i n subsequent cl eani ng oper at i on®CT[Ude2)o4ach of
the first and second proximty heads, 545, 555, is further configured to
provide a drying operation to dry the sauurface of the substrate after the
cl eaning and rinsing operations, in one enbodi nent of the invention. The
dryi ng operatjon my include application.of.a dryin em .such as
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the drypdgigReration is optional after the first cleaning and rinsing
operation. In the enbodi nent, where the drying operation is not perforned
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concentrated and aggressive chem stries in the cleaning process. The high
flow conditions of the aggressive chem stries and the subsequent o
di spl at¥@3hDuringithe ¢laaning praeess, diersubsiraie isgnede toue e radislly ungsr the PROXIREY
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e structure tungsten/tungsten conpound is uséd. Even though
APMis known to dissolve tungstenvery quickly, the controlled exposure tine
enabl es[00%f4‘ iII(l: iar(laoq erre?n o\éizlirlneﬁ)tf th%(%)lrg)gnfnrityrh%gciisd ate C\(I)\Qh!gllel”ed to have a head that is
slightly larger than the diameter of the substrate so as to provide a more localized application of
the cleaning chemistries with short exposure time. In this embodiment, the substrate is moving

linearly under the proximity heads.

[0045] The short exposure time using proximity heads allows use of concentrated and
aggressive chemistries in the cleaning process. The high flow conditions of the aggressive
chemistries and the subsequent displacement with rinsing chemistries enables faster reaction
with the polymer residue contaminants and faster suspension of the reaction thereby enabling
optimal removal of the polymer residue contaminants while minimizing the exposure of the
features to the aggressive chemistries thereby preventing pullback and undercut of fabrication
layers of the features, such as the gate structures during the cleaning process. Thus, for
instance, APM can be used to remove metal polymer residues around a metal gate structure

where tungsten/tungsten compound is used. Even though APM is known to dissolve tungsten



preserving the features around which the polynmer residues are forned.
Figures 6A, 6B and 7 illustrate charts 1, 2, and 3, respectively, depicting
t he resi dwe 20iloeasisng rate with m ni mum oxi de | ayer | ossPCARaISc@9/ob@sseen in
Figure 6A, for instance, the concentration of the APM nmay be adjusted to
provide an etch rate of about 1 A/sec 1®& about 10 A/sec with an opti nal
etch rate of about 5 A/sec. The material loss in the gate structure can be
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Figure 8 illustrates a graph of the target exposure time to carrier speed for effective removal of

polymer residue contaminants.

[0046] The graph illustrated in Figure 8 depicts the scanning speed against exposure time for
effective removal of the polymer residue contaminants with two different proximity head
widths. The graph identifies the target removal rate of the polymer residue. Based on the
desired removal rate, the concentration of the first and second application chemistries, speed of
the substrate under the proximity heads and exposure time can be adjusted. For instance, if it is
desired to remove 5 A of tungsten based residue, the graph identifies the optimal exposure time

and speed of the substrate to achieve that goal.

[0047] As mentioned earlier, Figures 3D, 3E and 4D illustrate the resultant metal gate structure
before and after a cleaning operation is performed, in one embodiment of the invention. As can
be seen in Figure 3D illustrates a typical gate structure with polymer residue contaminants

formed around the gate structure. Figure 3E illustrates the result of a traditional cleaning



formed around the gate structure. Figure 3E illustrates the result of a
tradi tional cleaningoperation using aggressive chem stries. The pol yner
resi due omotop/m8i4a hardnmask | ayer is stripped with sevece/UsScamioonsof

har dmask | ayer, thereby exposing the underlying |ayers. Figure 4D
illustrates the result after a cleaningooperation using the first and
second cl eaning chem stries of the present invention. The precise delivery
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characteristics of each of the fabrication layers that comprise the gate structure and the polymer

residue to be removed.

[0049] A first cleaning chemistry and second cleaning chemistry are identified based on the
process parameters, as illustrated in operation 920. The first and second cleaning chemistry
may be aggressive cleaning chemistries and may include Ammonium peroxide mixture (APM)
and dilute Hydrofluoric acid (dHF). The examples for first and second cleaning chemistry are
exemplary and are not restricted to APM and dHF but may include other aggressive chemistries
that are known to dissolve or effectively react to substantially remove the metal polymer
residues. Some of the other aggressive chemistries that may be used as cleaning chemistries

may include, for example, a mixture of Hydrofluoric and Hydrochloric acids (HF/HCI).



chem stries are defined based on the plurality of process paraneters, as
illustrated in operation 930. Sonme of the application paraneters associ at ed
wi t h eachwofotoms3fs4r st and second cl eani ng chem stries mray/usaaboo®stype,
concentration, exposure tinme, tenperature, pressure, and flowrate. In
addition, the application parameters may include speed of the substrate
under a first and a second set of proximty heads and the width of the
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t 0 t he mMwmspujated uging a software in the computing system to enable controlled application of the

first and second cleaning chemistries so as to optimally remove the polymer residue from

around the metal gate structure on the surface of the substrate while substantially preserving the

structural integrity of the one or more fabrication layers that make up the gate structure. The

applied cleaning chemistries may be reclaimed so that they can be re-used in subsequent

cleaning operations thereby enabling optimal use of the simple but expensive cleaning

chemistries. Thus, the various embodiments of the invention provide ways to remove polymer

residues from around metal gate structures while preserving the structural integrity of the metal

gate structure using aggressive chemistries that are known to easily dissolve the metal used in

the metal gate structures.

[0052] For more information on a substrate supporting device, such as a wafer carrier, reference
can be made to U.S. Patent Application No. 11/743,516, entitled “HYBRID COMPOSITE WAFER
CARRIER FOR WET CLEAN EQUIPMENT”, filed on May 2, 2007, and assigned to the Assignee of

the subject application.



t he subject application.[0053] For additional information wth respect to
the proximty head, reference can be nmade to an exenplary proxi mty head,
as descriweaoion3stie U.S. Patent No. 6,616,772, issued omCBast@divetos®, 2003
and entitled "METHODS FOR WAFERPROXI M TY CLEANI NG AND DRYI NG " This U. S.
Patent, which is assigned to Lam Reseal8h Corporation, the assignee of the
subj ect application. [0054] For additional information about nenisci,
reference can be made to U S. Patent No. 6,998,327, issued on January 24,
2005 and entitled "METHODS AND SYSTEMS FOR PROCESSI NG A SUBSTRATE USI NG A
DYNAM @033R8PadditibSluilormativh Witlrespaétans théd\oroximiBPBeadl? Gefereaseieah Wanmddanoar y
24, 2005 and entitled "PHOBI C BARRI ER MENI SCUS SEPA:%’ATI QN _AND CONTAI NVENT. "
These Bngxempplapnproximiy hendspedessaberhithe §.8 katet Yoy St 00f 72 aued M} ect
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i nformatton abou op and bottom neni scl, reference can be made to the
exenpl atys UEnPstens which Wiassfnsiad Liam Re&ardAaCepbratipp) the assigmeeNd. thd QUH30, 843,
filed on Decenber 24, 2002 and entitled "MEN SCUS, VACUUM | PA VAPCR,

DRY! NG2RRNG3HOID. " This U.S. Patent, which is assigned to Lam Research

Cor poration, the assignee of the subject application. [0056] Although the
foregoing i nventi on has been described in sone detail for purposes of

cl ari t yJ0@F4] Uiod edditiama iimfgrmationnabout nenispp agference eant bewadainUdh &atpat Nand

hocor ditnst: R Bt ek e SERTOBR MG SESTESR FOK 2t ve
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gi ven herein, but may be nodified within the SCOO%E and equi val ents of the

appe gdé\éb-(ﬁl,%rﬁ@ﬁ, ipdreed Q'nslamllﬁiy REd20G> m_dmme%."f’ﬁ CHda RIMEDNSGHSpol yner
Cubst r VAR PIGN DA COMT ARRIR T RS IE , PUTRS lcB g Rlud, o o

pl ur al izkyighde dItIRCRSFech applitation araasheirahaetgdralltpueposes.al gate structure
and the polyner residue to be renoved, the gate structure including one or
nore | ayers of fabrication, the process paraneters obtained by anal yzing
metal gate structure and the polynmer residue to identify characteristics of
the ond0@35] Fior edditigralsniormatien ehous toapranddhotiom mewriseis reference can be made to the

exemplary meniscus, as disclosed in U.S. Patent Application No. 10/330,843, filed on
December 24, 2002 and entitled "MENISCUS, VACUUM, IPA VAPOR, DRYING MANIFOLD." This
U.S. Patent, which is assigned to Lam Research Corporation, the assignee of the subject

application.

[0056] 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 can 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:




pol ymer residue to be renoved; identifying a first and a second cl eani ng
chem stry based on the plurality of process paraneters associated wth the
one or nowe 20eysBBiof the gate structure and the pol ynercrascawao4odef i ni ng
a plurality of application paraneters associated with the first and second
cl eaning chem stries, the application paraneters established to define
opti mal renoval of the polynmer residue fromthe surface of the substrate;
and applying the first and the second cl eaning chem stries sequentially in
a controlled manner to a portion of the surface of the substrate based on
application paraneters, the controll lication defining an opti mal
exposure tine to which the portion o surface of the substrate is
exposed to the first an the second cl eaning chenistries so as to
substantially renmpve the pol yner resjdu mhileggres rviqg st.ruct.ur al

th
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resi due renoval inclyde chem str e, concentration, tenperature
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associ afiedaiibd, thd HeciRlAtandate oblaintdl Byl fhalybind el e diraétutd &idhd polyagirel n

the first cleaning chemstry is amoni'um peroxide m xture (APM and the
second residuarto idgntifieohasaatgristiss of thetang oryrnre ddygesr ¢fdhe gatg sprueimye and ofthe net hod
of claiml, V\/neé' eitn apgl éi ng the first and second cl eaning chem stries is
by appPYVHE fFYS P LETEMAYSecond cl eaning chemistries as a neniscus using
one or nor e @naRifl bfirfeads sethifl dedHise tigentistrp bhsedvntbe plurality aif pestesheni cal
region for the first and second cl eani ngchem stries on the surface of the
subst r peremetereassotistedypich terangior maiplayerst the,gatp siryere gnelthe pelymes gssidusyungd

the gate st rdlejﬁ;[ﬁ%rﬁga'pﬁrali&(gﬁ %@Iipﬁ%nogarﬁh@t%@ a%@c‘é‘%@& Gt thOErdald ddohy Of
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chem Stn{a¥m<!:rs toa%pbj)ﬁgntg'f AOBuade’ bEthe substrate based on application parameters, the
controlled application defining an optimal exposure time to which the portion of the surface of
the substrate is exposed to the first an the second cleaning chemistries so as to substantially

remove the polymer residue while preserving the structural integrity of the one or more layers

of the gate structure.

2. The method of claim 1, wherein the plurality of process parameters associated with each
gate structure layer include one or more of type, size, composition, and wherein the plurality of
process parameters associated with the polymer residue removal include chemistry type,
concentration, temperature, exposure time, and target removal rate on one or more layers of

fabrication associated with the metal gate structure.

3 The method of claim 1, wherein the first cleaning chemistry is ammonium peroxide

mixture (APM) and the second cleaning chemistry is diluted Hydrofluoric acid (dHF).

4, The method of claim 1, wherein applying the first and second cleaning chemistries is by
applying the first and second cleaning chemistries as a meniscus using one or more proximity

heads, the meniscus establishing a contained chemical region for the first and second cleaning



proximty head and the second cleaning chem stry is applied through a
second proximty head, wherein the first and second proximty heads are
conf i gur estot2010p88f4@r m a ri nsi ng operation foll ow ng theprapalsca@animso of each
of the first and the second cleaning chem stry to the surface of the
substrate. 7. The nethod of claim®6, wh@rein applying the first and second
cl eaning chem stries further including applying the first cleaning

chem stry prior tpo the appljcation aof t Sec . ' em 1
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cl eani B9 cheyl $hdth&s of BRiNS, WHEHIhI BlUAAR )@f'&?pﬁ&h@ioﬁ%@ﬁﬂet@&sﬁﬁ@lﬁlﬂg one or
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first and second cleaning chem stries after application to the surface of

t he sulsst fuacieon ofwpeed of tiersubistrate and hagviddicdibe BIcBlANNg chenistri es

re-circul ated i n subsequent cleaning operations. 10. The nethod of claim1,
wher ei 6. t he Thetra¢thgdbé chtimut; twhezeingherfids afanorgecligmisiy és hppliadsthofughea Birss
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tant al yiRepdid thel EirQandOsHbAR pk ity a8 bre ddnfighr&d/ 83 BBIORA ar €ATING RPefatiby MET
residue fromaround a netal gate structure fornmed on a surface of a

subst r flovdog theppelipatian ef eanh of therfirapendgbe secoad cleapingrahsmigiey tg thepyfacgod
supportli{‘{]/g‘%evi ce to receive, support and transport the substrate;a first

pr oxi i Cconf i gured to introduce a first cleaning chemstry to a

portion of e surfac f.t ubstrate.as  a ni squs; and,a second . . .
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8. The method of claim 6, wherein applying the first and second cleaning chemistries
further including applying the second cleaning chemistry prior to the application of the first
cleaning chemistry, the first proximity head further configured to perform a drying operation

following the application of the first application chemistry and the rinsing operation.

9. The method of claim 6, wherein the application of the first and the second cleaning
chemistry further including reclaiming the first and second cleaning chemistries after
application to the surface of the substrate, the reclaimed first and second cleaning chemistries

re-circulated in subsequent cleaning operations.

10.  The method of claim 1, wherein the metal gate structure is made of one or more layers
of metals including one or more of tungsten, tungsten silicide, tungsten nitride, polysilicon,
silicon oxide, aluminum oxide, hafnium oxide, silicon nitride, tantalum nitride or combinations

thereof.

11. A system for removing polymer residue from around a metal gate structure formed on a
surface of a substrate during a post-etch cleaning operation, comprising:

a substrate supporting device to receive, support and transport the substrate;



based on a plurality of application paraneters, the controlled application
defining an optinmal exposure tine to which the portion of the surface of

t he substwet2elms3mposed to the first and second cl eani RgTalsRIDOBHV4BES SO as
to substantially renove the polyner residue formed around the netal gate
structure while preserving the structupal integrity of the one or nore

| ayers of the gate structure. 12. The system of claim 11, wherein each of

the first and.the second proxi.mty heads, i s further. confi red to |y a
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chem stries to the surface of the substrate. 13. The system of claim 12,
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and t heaseicaidplatfianbNgpplitativs biradstdry thdeomiolibd applifativheefiningtanaipeimal 5.
The system of claim 12, wherein each of the first. and the sec ng Jaro imty
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system comuni catively connected to the first and second proximty heads,
the coBiftSH§'™S st em having a software to control the precision controls.

12. The system of claim 11, wherein each of the first and the second proximity heads is
further configured to apply a rinsing chemistry to the surface of the substrate, the rinsing
chemistry is applied after the application of each of the first and the second cleaning chemistries
to the surface of the substrate.

13. The system of claim 12, wherein the first and the second proximity heads are configured
to apply the rinsing chemistry and the corresponding first or second cleaning chemistries as
distinct menisci to enable reclaiming of the corresponding cleaning chemistry for use in
subsequent cleaning process.

14. The system of claim 12, wherein one of the first proximity head or the second proximity
head is further configured to perform a drying operation following the rinsing operation, the
drying operation performed at the end of the cleaning process based on the sequence of
application of the first and the second cleaning chemistries to the surface of the substrate.

15. The system of claim 12, wherein each of the first and the second proximity heads further
including one or more precision controls to control the application of each of the first cleaning
chemistry, the second cleaning chemistry, the rinsing chemistry and the drying operation to the
surface of the substrate.

16. The system of claim 15, further including a computing system communicatively
connected to the first and second proximity heads, the computing system having a software to

control the precision controls.



