IMMERSION LITHOGRAPHY EDGE BEAD REMOVAL BACKGROUND OF THE INVENTION Field of
the Invention [0001] The present disclosure relates generally to the fabrication of semiconductor devices,
and more particularly, to a method and system for the removal of photoresist residue from a
semiconductor substrate. Description of the Related Art [0002] Lithography is a mechanism by which a
pattern on a mask is projecte S rate such as miconductor wafer. In areas such as
semiconductor photolitho%ly 3, .%rg.]?(ﬁgsﬂ Qéééﬁé{igj&%s@;w% %Mg‘gﬁ the semiconductor wafer
which incorporate minimum feature sizes under a resolution limit or critical dimension (CD). Currently,
CDs are reaching 65 nanometBrs @RGSO D THIEI DN VENITAON is a new advance in
photolithography, in which the exposure procedure is performed with a liquid filling the space between
the surface of the wafer and the lens. Using immersion photolithography, higher numerical apertures can
be built than FAEhALNIERESN, air, resulting in improved resolution. Further, immersion provides
enhanced dedfflfocushO ORefbrdiriheinge exvdatenesiteradatioréke [BD04jtiPheciniereicioduetaposure step
may use de-ionized water or another suitable immersion exposure fluid in the space between the wafer
and the lens. THBERSh A& BRSORUFEHATE iSS RO cHhPiRTB A Ut thfe MNEVahafthEJSPrSthSensitive layer
(such as photoresist, or simply "resist") can cause heretofore unforeseen problems. For example, resist
residue come &8 SRR SHR WL HRTEPsSIGHCexposure fluid and/or the lens, thereby contaminating the
fluid and/or lens and causing defects on the wafer. [0005] It is desired to provide an immersion
lithography prBeserintien hbtheRelated 4bhtamination of the immersion exposure fluid and lens, and
reduced defeq®2] the Waliepraphy is a mechanism by which a pattern on a mask is projected onto a

substrate such as a semiconductor wafer. In areas such as semiconductor photolithography,
it has become necessary to create images on the semiconductor wafer which incorporate
minimum feature sizes under a resolution limit or critical dimension (CD). Currently, CDs
are reaching 65 nanometers and less.

[0003] Immersion lithography is a new advance in photolithography, in which the
exposure procedure is performed with a liquid filling the space between the surface of the
wafer and the lens. Using immersion photolithography, higher numerical apertures can be
built than when using lenses in air, resulting in improved resolution. Further, immersion
provides enhanced depth-of-focus (DOF) for printing ever smaller features.

[0004] The immersion exposure step may use de-ionized water or another suitable
immersion exposure fluid in the space between the wafer and the lens. Though the
exposure time is short, the combination of the fluid and the photosensitive layer (such as
photoresist, or simply "resist") can cause heretofore unforeseen problems. For example,
resist residue comes into contact with the immersion exposure fluid and/or the lens, thereby
contaminating the fluid and/or lens and causing defects on the wafer.

[0005] It is desired to provide an immersion lithography process that has reduced

contamination of the immersion exposure fluid and lens, and reduced defects on the wafer.



1 BRIEF SUMMARY OF THE INVENTION [0006] In one embodiment, a method of performing immersion
lithography on a semiconductor wafer is provided. The method includes providing a layer of resist onto a
surface of the semiconductor wafer. Next, an edge-bead removal process spins the wafer at a speed

greater than 1000 revolutions per minute (e.g., about 1500 rpm) and dispenses solvent through a nozzle

while the wafer is spinning. TBRIFESENMNBARYSOFCPEEN INVENTIONErsion lithography exposure
system. [0007] In some embodiments, the edge bead removal step includes a first spin process that

spins the waigigiid firstansed gisatsntian Q0. Am g isnRIseRRANER IRNAIER AN,edae of the

wafer while spinning, a second spin process that spins the waferat a second speed Iéss than or equal to

the first speed,and dishensearspivenbinwardsrihaadae at e Walewhile1SRIPBINGsidnch# third spin
process that spins the wafer at a third speed less than or equal to the second speed and dispenses

solvent towardsrthe edge edihieumitesvvhifer. SNixniag <[REABhinanethei-erakagdimeant, warseinod of
performing immersion lithography on a semiconductor substrate includes providing a layer of resist onto
a surface of thesgehigeaducben sifiostrate]ihensepist tayete extendimgnésvtarpadgadidibsebstrate. A top
anti-reflective coating (TARC) layer is formed over the resist, the TARC layer extending nearer to the
edge of the subbiratehiaghtfenesist eyt thaevelsy ensripainaitintene thesissisalpger Ahedgeebead removal
(EBR) process is then performed. The EBR process includes spinning the wafer at a speed greater than
1000 revoluticti& R MHEI R CHRPYiERMEIR Gt through a nozzle while the wafer is spinning.

Afterwards, th@ﬂiﬁzﬁ layer iseex os%gsgn%ncim%ger ion I(i‘%]?ﬁ?tra Qlyélgé(&ogﬂggtggisﬁ[errgbé(s)g%] In

another embodimeént, an edgeSERG TEHBal"SyStenrar (B p
that spins the wafer at a first speed greater than 1000 rpm and dispenses solvent towards an
edge of the wafer while spinning, a second spin process that spins the wafer at a second
speed less than or equal to the first speed and dispenses solvent towards the edge of the
wafer while spinning, and a third spin process that spins the wafer at a third speed less than
or equal to the second speed and dispenses solvent towards the edge of the wafer while
spinning.
[0008] In another embodiment, a method of performing immersion lithography on a
semiconductor substrate includes providing a layer of resist onto a surface of the
semiconductor substrate, the resist layer extending near an edge of the substrate. A top
anti-reflective coating (TARC) layer is formed over the resist, the TARC layer extending
nearer to the edge of the substrate than the resist layer, thereby encapsulating the resist
layer. An edge-bead removal (EBR) process is then performed. The EBR process includes
spinning the wafer at a speed greater than 1000 revolutions per minute (rpm) and
dispensing solvent through a nozzle while the wafer is spinning. Afterwards, the resist
layer is exposed using an immersion lithography exposure system.
[0009] In another embodiment, an edge-bead removal system for use with an

immersion lithography process is provided. The system includes a multi-speed motor for



immersion lithography process is provided. The system includes a multi-speed motor for 2 spinning a
wafer chuck. The motor is configured to sequentially maintain a first speed for the chuck greater than
1000 rpm, a second speed for the chuck at about 1000 rpm, and a third speed for the chuck at less than
1000 rpm. The system also includes a first nozzle positioned on the chuck near where an edge of a
semiconductotPiwates waialdrekide ohhthaouekomgyiest ozdiettrlbispantimgpdissivesst {0010] In some
embodiments, the first nozzle is conﬁg(ured to be positioned at different locations corresponding to at

least two dlffep%?]%‘ﬁ‘ée%ﬁ%?rtﬂ@%ﬂ% Imﬁlalqug%ﬁf@%%@ﬁﬁé‘ﬁfé‘ eIt 0@ niBtbt is further
configured such that th first spe pm, t seconds eed i 000 r and the
third speed is l&f)ofﬁeg dYpHe %Ui% é?%@o’&%e © He'Ys éﬁ% B ig%b i‘u%’é% %10 Eond nozzle
positioned on_the.chu ch n ar}gv re an d e of %seniuconductocf wafera\rftvgt{)lvd rl%srlde an tt}g chuck. The

é)ds ioned on the chuck mear W da SemicC O&l (h
second nozzle dispenses a solvent onto a S e semiconductor wafer opposite to the Side on which

the first nozzI%}g{apqggﬁ%ts%\é%tfo'[Qgﬁg&ﬁgg[g‘;&ponflgurable to dispense solvent at about 2.5

millimeters (mm) from the wafer edge when the motor is at the first speed. The first and second nozzles

are configuraisp19idispenssnsodvauahehgtwran st £miv @renkapindmmdhavaiert edaewhen the
motor is at the second speed. The first and second nozzles are also configurable to dispense solvent at

about 1.0 mmisakvrihewaiametgadntadhe onbftsdaapteestbintesgert. [00131 A detailed description is
given in the following embodiments with reference to the accompanying drawings. BRIEF DESCRIPTION
OF THE DRAIMNIGS The yresenbirientiontbambléspord fuditpiinderbtoodibizreaiding: thet ssbsequent

detailed
first speed is about 2500 rpm, the second speed is about 1000 rpm, and the third speed is

about 500 rpm.

[0012] In some embodiments, the system also includes a second nozzle positioned on
the chuck near where an edge of a semiconductor wafer would reside on the chuck. The
second nozzle dispenses a solvent onto a side of the semiconductor wafer opposite to the
side on which the first nozzle dispenses solvent. The first nozzle is configurable to
dispense solvent at about 2.5 millimeters (mm) from the wafer edge when the motor is at
the first speed. The first and second nozzles are configurable to dispense solvent at
between 1.0 mm and 1.5 mm from the wafer edge when the motor is at the second speed.
The first and second nozzles are also configurable to dispense solvent at about 1.0 mm from
the wafer edge when the motor is at the third speed.

[0013] A detailed description is given in the following embodiments with reference to

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by reading the subsequent detailed
description and examples with references made to the accompanying drawings, wherein:

[0014] Fig. 1 is a flow chart of a method for performing immersion lithography,



description and examples with references made to the accompanying drawings, wherein: [00141 Fig. | is
a flow chart of a method for performing immersion lithography, including implementing an edge-bead
removal (EBR) process. [00151 Figs. 2, 7, 8, and 9 are side cross sectional views of the right-most
portion (as seen on the figure) of a semiconductor wafer. [0016] Fig. 3 is a side-view diagram of an
immersion lithaghaphg isydearmn(og 27 ederybepssremassl GERe Beeas¢onductor wafer of Figs 1, 4 and/or 5
that is suffering from one or more defects. [00181 Figs. 5-6 are views of different drying processes used
in the EBR pré®Y of Flggs6%adedrditty 16 6ridscrdreceiinpalaiirental sheHiehrawshPrivenidh. DETAILED

DESCRIPTION OF T@I%.INV%%TION,L%?&% The following description is of the best-contemplated mode
of carrying out THE ThVENRSH, Phib ‘GE4e W'iswﬁﬁ%rde for the purpose of illustrating the general principles

of the inventi &)igf shwld*&tﬁcﬁ%egv in a limiti %gensesi'(l;rklnla1 scope of the invention is best
determined by refetence to the appendﬁed ci&ims. Fg) 01 The prese%t Hlllgc?(\.[)suré relates generally to the

fabrication of Wondq@qu QQVJC%%MP' !ﬂ@%%rﬁﬁ%%@&ﬁy&&é} r&eglqgg ﬁng gx&;&ngf%a&hg removal of

photoresist residue from a semiconductor substrate. It is understood, however, that specific
embodiments @re-providadoas exasplagdadeach the broader inventive concept, and one of ordinary skill
in the art can easily apply the teachings of the present disclosure to other methods and systems. Also, it
is understood [hHEi8ihe NEROSS andviysiemdftbsauske dpibe spresedtiaisel BBR @inelide Some
conventional structures and/or steps. Since these structures and steps are well known in the art, they will
only be discusseginlagenerablevetafetdimeRisroh rmuess ntaferatios. numbers are repeated throughout
the drawings for the sake of

DETAILED DESCRIPTION OF THE INVENTION

[0019] The following description is of the best-contemplated mode of carrying out the
invention. This description is made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The scope of the invention is best
determined by reference to the appended claims.

[0020] The present disclosure relates generally to the fabrication of semiconductor
devices, and more particularly, to a method and system for the removal of photoresist
residue from a semiconductor substrate. It is understood, however, that specific
embodiments are provided as examples to teach the broader inventive concept, and one of
ordinary skill in the art can easily apply the teachings of the present disclosure to other
methods and systems. Also, it is understood that the methods and systems discussed in the
present disclosure include some conventional structures and/or steps. Since these structures
and steps are well known in the art, they will only be discussed in a general level of detail.
Furthermore, reference numbers are repeated throughout the drawings for the sake of
convenience and clarity, and such repetition does not indicate any required combination of
features or steps throughout the drawings.

[0021] Referring to Fig. 1, a simplified flowchart of an embodiment of a process for



convenience and clarity, and such repetition does not indicate any required combination of features or
steps throughout the drawings. [00211 Referring to Fig. 1, a simplified flowchart of an embodiment of a
process for immersion lithography with a reduced number of defects is designated with the reference

numeral 100. In step 102, a photosensitive layer (PSL) is formed over the surface of a wafer substrate.
The wafer suldstregesieani ihetiridy Wihe ditidisdvafabes @Iﬁi?‘f«fﬁﬁﬁs éﬁa@é,igp@i%méﬁhrfhgimféﬁmﬂﬁride, silicon
oxide, low-k dielectric, and/ conductor materials (e.g., metal) [0022] In one embodiment, the PSL is a

polymer photd%%?kr@stﬁa%? tH% |§ B%Bfe%@WAI%?r |$ lith Péf‘ﬁh?"eéﬁaqé%fi‘ﬁ%lﬁ about 1800A

for 55nm lithogr Thls is ysed, | resent e nt, to malnt Slr tlo fhelght to
width for the g‘ F’%% %6??{&“3% LealEA Wﬁﬁcﬂﬁlel (Z?ng ﬁﬁerf lﬁfﬁlog? ?)rh?tt reduce
thickness of the P%L can hel to reduce.or prev ntlgatﬂernl% llacos urlngucybse uenl& grocessmg (e.0.,

developing, sﬁln rying). | 86 he re3|st may be 2 bottom antrefectiva coating (BARC)Tayer, an

underlayer pqh@;gﬁr a silicon- contalnlng polymer, a silicon carbide-containing polymer, negative or
positive resist, a top anti-reflective coating (TARC) layer, and may be of a material now known or later

developed for[fyg2purpaseoc nd%AMRIA, t(REFSSIRLMAW RR RSBl (B8 s lllccamMPonBaRtresist
system. The application of the resist may be done with spin-coating or another suitable procedure. Prior

to the applicattsnoef the 6esist]ithe:wpiier maydse first procassed tvopsspareithderapis photelihography
process. For example, the wafer may be cleaned, dried and/or coated with an adhesion-promoting
material prior toctheimpplicationt aimthvdiragist (0024t dim thelpriesk nitemib detigherit, ¥ BARQ |tger is placed
on the wafer before the

circuit geometries associated with the corresponding lithography resolution. A reduce

thickness of the PSL can help to reduce or prevent pattern collapse during subsequent

processing (e.g., developing, spin drying).

[0023] The resist may be a bottom anti-reflective coating (BARC) layer, an underlayer

polymer, a silicon-containing polymer, a silicon carbide-containing polymer, negative or

positive resist, a top anti-reflective coating (TARC) layer, and may be of a material now

known or later developed for this purpose. For example, the resist may be a one- two- or

multi-component resist system. The application of the resist may be done with spin-coating

or another suitable procedure. Prior to the application of the resist, the wafer may be first

processed to prepare it for the photolithography process. For example, the wafer may be

cleaned, dried and/or coated with an adhesion-promoting material prior to the application of

the resist.

[0024] In the present embodiment, a BARC layer is placed on the wafer before the

resist is applied, and a top-coat (e.g., TARC) layer is placed on the wafer after the resist is

applied. The BARC layer has a height larger than about 50A, to facilitate coating thickness

uniformity and a desired reflectivity. The TARC layer also has a height larger than about

50A to facilitate coating thickness uniformity.



resist is applied, and a top-coat (e.g., TARC) layer is placed on the wafer after the resist is applied. The
BARC layer has a height larger than about 50A, to facilitate coating thickness uniformity and a desired
reflectivity. The TARC layer also has a height larger than about 50A to facilitate coating thickness
uniformity. 5 [00251 At step 104, a solvent rinse is applied to remove the resist at the wafer's edge
(referred to ad0@2fje-beddsiem At proebenhinse tiprigdriptiansishdrmmistahtherivisingddaring the
exposure process. A conventional edge bead removal (EBR) process includes the following parameters
shown in TablEFHEIBP ASiscdsubrateh prBIEcSCHRERPtHIE RFsYcatdpesisig! themyeitBinehios revolutions
per minute for 5 secgonds. Durln this step, two nozzles for d| ensm i%eﬁ nt are osmo ed 15
millmeters froPHrONE WafaPEEe PEHE or s e R PR Sm%C 96K surface. 1tis
understood that tpq terms "front” {Seg%) to theﬂ)cie P e;g \e{vwotge resist and8 s trefers to the
opposite side. tepl‘g‘fgl}\% I:iame 0zzle Position § UId Ispense t(es[()-:'g (5 ifo gf ront and back
210005-none (spiniayhkablel 10qE6) @gvaieﬁo%%e@nﬂmmer@'9%@&9&@%@%&%& Rggformed. The

wafer and resist (and any other layers) are immersed in an immersion exposure liquid such as de-
ionized water,@pgeX¥pPangddaad adiatinnusiisgeddac) raciatiaR saureeMAYWIEABdilrandalat light source,
for example a krypton fluoride (KrF, 248 nm), argon fluoride (ArF, 193 nm), or F2 (157nm) excimer laser.
The wafer is axposediafthe saciataiiciorha opiedeiatnbier amaient hiidiohdemtoiehiadepencent on the

type of resist used, the intensity
"front" refer to the side of the wafer with the resist, and "back" refers to the opposite side.

Step R.P.M. Time Nozzle Position (mm) Fluid Dispense
(secs)
1 1000 5 1.5 Front and back
2 1000 5 - none (spin dry)
Table 1
[0026] At step 106, an immersion lithography process is performed. The wafer and

resist (and any other layers) are immersed in an immersion exposure liquid such as de-
ionized water, and exposed to a radiation source. The radiation source may be an
ultraviolet light source, for example a krypton fluoride (KrF, 248 nm), argon fluoride (ArF,
193 nm), or F2 (157nm) excimer laser. The wafer is exposed to the radiation for a
predetermined amount of time, which is dependent on the type of resist used, the intensity
of the ultraviolet light source, and/or other factors. The exposure time may last from about
0.2 seconds to about 30 seconds, for example. After exposure, a post-exposure bake (PEB)
is performed for polymer cleavage and a developing process is used to complete the
patterning of the resist layer.

[0027] Referring to Fig. 2, a semiconductor wafer 10 is one example of a wafer that
can be processed by the above-referenced immersion lithography process 100. The wafer

10 includes a substrate 12 and a photosensitive layer 14. The substrate 12 can include one



of the ultraviolet light source, and/or other factors. The exposure fime may last from about 0.2 seconds to
about 30 seconds, for example. After exposure, a post-exposure bake (PEB) is performed for polymer
cleavage and a developing process is used to complete the patterning of the resist layer. [00271
Referring to Fig. 2, a semiconductor wafer 10 is one example of a wafer that can be processed by the
above-referentetdmnirissiontidiidaephly prestds gudie. dipleaitethat Quipclerded sosebsatamad and a
photosensitive layer 14. The substrate 12 can include one or more layers, including poly, metal, and/or
dielectric, that &fe Riissastt selhstidrhsan he phetsinsvEsayaYel 4hal dhE PYROB s (resist) layer

that is responsive to an exgofgure process for creating patterns. [0028] Although not required, the wafer
10 includes a Bt Ahtisrafiedtive %%Hﬁtéerf’éARC) layer 16 and a top anti-reflective coating (TARC)

layer 18. Fig. shoys the right edge 19 of the wafer 10..The left edge of tie wafer 10 may be
oo oo (O ol R CHRR R e MRl IR RN S o

to_have a stagggred) RRsition . With (e, BARG lAYET 16 sxtending further (closen) tawards thg. wafer edge

19 than the photosensifive layer 14, which extends further towardsthe wafer edgé than the TARC layer

18. [0029] Refgsringite Hgbi3nafiendhecEBRNpcess thenwalaeld foisnRyodddedsiaca imession

lithography system 20. The immersion lithography system includes a lens system 22, an immersion head
24 for containi@ituiflpidf2é suchas de-iopizedgyaier, ArariouBigperiieat28 hraughe wihdoh flaid can be
added or removed, and a stage 30 for securing and moving the wafer 10 relative to the lens system 22.
The stage 30 hartherstigghrdés@istructite B2 BAROAtainiAg theeidiig: Z68:tharRigor thewens Bystem 22 and

immersion head 24 are positioned near the right edge 19 of the wafer 10. It is understood
wafer edge 19 than the photosensitive layer 14, which extends further towards the wafer

edge than the TARC layer 18.

[0029] Referring to Fig. 3, after the EBR process, the wafer 10 is provided to an
immersion lithography system 20. The immersion lithography system includes a lens
system 22, an immersion head 24 for containing a fluid 26 such as de-ionized water,
various apertures 28 through which fluid can be added or removed, and a stage 30 for
securing and moving the wafer 10 relative to the lens system 22. The stage 30 further
includes a structure 32 for containing the fluid 26. In Fig. 3, the lens system 22 and
immersion head 24 are positioned near the right edge 19 of the wafer 10. It is understood
that the lens 22 and the wafer 10 experience relative movement so that the lens can expose
the resist layer 14 over the entire wafer.

[0030] Referring to both Figs. 2 and 3, although not intended to be limiting, a fault
mechanism for causing defects during a conventional immersion lithography process occurs
when a poor resist cut profile is created and soluble material from the resist 14 forms
particles 40, which will produce problems later in the process. In Fig. 2, two particles 40
are shown near the edge 19. The particles 40 may comprise a soluble material from the

resist layer 14, BARC layer 16, TARC layer 18, or a combination thereof. In Fig. 3, many



that the lens 22 and the wafer 10 experience relative movement so that the lens can expose the resist
layer 14 over the entire wafer. [0030] Referring to both Figs. 2 and 3, although not intended to be limiting,
a fault mechanism for causing defects during a conventional immersion lithography process occurs
when a poor resist cut profile is created and soluble material from the resist 14 forms patrticles 40, which
will produce praiielessHarse Mahe. iricass nhuFies Patoyeqesrtiebat aomerecdribianghedrtiisdletye 19. The
particles 40 r:z?: comprise a soluble material from the resist layer 14, BARC layer 16, TARC layer 18, or
a combination“thereof. In Fig. 3, many 7 particles 40 are shown, not only near the wafer edge 19 but

immersed thr ut the fluid .26. [00311 If is believed that the fault lies in the EBR process. The

o toca o o S TSoH U Adte DR Mot Shvor i SONEITEAn it fre EoR
solvent from the.edge of th ist 14, The resist 14 at the edge .of the wafer.is, still soaked with solvent,
euting e SSEHHEHIS IBPS R FRCh A A e O WA B R L RO o

means it will egsily spip @Wax;duTINgte NAlefSh %9@6_?&%‘? {16 ) 1 BRISRURs AMAY SRENT-rich resist

would further peel during a post exposure process. While this has not resulted in a problem in dry

lithography, thesfiuids2@ agshpedans 2anilihe iMRMREsiRRalitRographysysitmat (aie B)weaprhe
contaminated with the particles 40 and an increased number of defects occur on the wafer (where the die

are). [00321 Refeiringacvit toifigasily theinvafey H0riashewmaitep@oing depoughp an imhaepaion lithography
process with a conventional EBR process. The wafer 10 includes defects 50 that have been caused
during the process sdlnenttefdictssatevoaldseudlisy tieel partigespa0 dipstrataddeefsigdV I8 tamdlasan represent
the existence of the particles and/or deformation or "holes type blank pattern” (missing patterns) in the
resist. Other typessdilted in a problem in dry lithography, the fluid 26 and/or lens 22 in the immersion

lithography system 20 (Fig. 3) can be contaminated with the particles 40 and an increased

number of defects occur on the wafer (where the die are).

[0032] Referring now to Fig. 4, the wafer 10 is shown after going through an

immersion lithography process with a conventional EBR process. The wafer 10 includes

defects 50 that have been caused during the process. The defects are caused by the particles

40 illustrated in Figs. 2-3, and can represent the existence of the particles and/or

deformation or "holes type blank pattern”" (missing patterns) in the resist. Other types of

defects may also exist.

[0033] Referring to Fig. 5, to reduce and/or prevent the particles 40 from forming in

the immersion fluid 26 and on the lens 22 (as shown in Fig. 3), and to reduce the number of

defects 50 in the processed wafer (as shown in Fig. 4), a novel EBR process is provided.

The novel EBR process utilizes a chuck 52 being driven by a motor 54, as well as one or

more nozzles 60, 62. The motor 54 is capable of spinning the chuck 52 at relatively high

speeds, as discussed below, and in some embodiments, the nozzle(s) 60-62 are capable of

unique movement coordinated with the motor speeds.

[0034] Table 2 below describes an improved two step EBR process (as compared to



defects may also exist. [00331 Referring to Fig. 5, to reduce and/or prevent the particles 40 from forming
in the immersion fluid 26 and on the lens 22 (as shown in Fig. 3), and to reduce the number of defects
50 in the processed wafer (as shown in Fig. 4), a novel EBR process is provided. The novel EBR process
utilizes a chuck 52 being driven by a motor 54, as well as one or more nozzles 60, 62. The motor 54 is
capable of spihitky théwisuckIB2eanrdiativelystsigHhe peetas S4spiicihss el de o aad dencsoiire

embodiments, the nozzle(s) 60-62 are capable of unique movement coordinated with the motor speeds.

100341 Table FHRIAN dbEHBES AR A KM B SR BRI ARoBb &R0 BT Bl | Above),
where in the first step, the motor 54 spins the chuck 52 (and hence the. wafer 10) at a speed greater than
1000 rpmd<ebgl?9i7§6;o%ﬁﬁe% o dsgens §é8LVri8§?‘FE%OTW8“%dgEt§?& Eé,'%‘é‘%fta‘i%é)‘% s %S%égt we
pOSItlone about 1.5 millimeters from the er . one r the front surface o e waler ,teOt er
P e back scke STVl TIE B SR Rl R0, A IRl 8 [ M LR REER LD 1 ene

glycol monomgihyl.ethef Acetple (RGMEMN. Y CIQIRIRI WARE SPPAR) SUSTaGIARSolian. or

combinations thereof. It is understood that'many types of resist are soluble to one or more of the

above-listed splyieifsmlneiesanienidinent joprasas tha.certifueal {oree@n theardgsbead and
reduces the sponge-like condition of the resist near the edge of the wafer. After the steps of Table 2 have

been performedmaipigeaxpiasese Hakingdersoesdsmambe ugad ddreensify thmtrsisiopekimesrand evaporate
the solvent. StepR.P.M.Time (sees)Nozzle Position (mm)Fluid Dispense [>100051.5front and back
210005-none Qgpiin mye'ﬂfasmé solvents. The present embodiment increases the centrifugal force on the

edge bead and reduces the sponge-like condition of the resist near the edge of the wafer.

After the steps of Table 2 have been performed, a pre-exposure baking process can be used

to densify the resist polymer and evaporate the solvent.

Step | R.P.M. Time (secs) Nozzle Position (mm) Fluid Dispense
1 >1000 5 1.5 front and back
2 1000 5 - none (spin dry)
Table 2
[0035] In another embodiment, the particles 40 are further reduced/prevented from

forming in the immersion fluid 26 by a second EBR process. Table 3 below describes an
improved four step process. The first step spins the wafer at a speed greater than 1000 rpm
(e.g., 2500 rpm) for about 5 seconds. Solvent is dispensed through the nozzle 60 on the
front of the wafer 10 at a position that is about 2.5 millimeters from the wafer edge. The
second step spins the wafer at a slower speed (e.g., 1000 rpm) for about 5 seconds. Solvent
is dispensed through both nozzles 60, 62 on the front and back sides of the wafer 10 at a
position that is about 1.5 millimeters from the wafer edge. The third step spins the wafer at
an even slower speed (e.g., 500 rpm) for about 5 seconds. Solvent is dispensed through
both nozzles 60, 62 on the front and back sides of the wafer 10 at a position that is about

1.0 millimeters from the wafer edge.



[00351 In another embodiment, the particles 40 are further reduced/prevented from forming in the
immersion fluid 26 by a second EBR process. Table 3 below describes an improved four step process.
The first step spins the wafer at a speed greater than 1000 rpm (e.g., 2500 rpm) for about 5 seconds.
Solvent is dispensed through the nozzle 60 on the front of the wafer 10 at a position that is about 2.5
millimeters from % walkPedge. Thee seeond shéqrapibiesthenwafer at a sloWidPepdnte.g., 1000 rpm) for

about 5 seconds. polvenisig) dispenseql through both nazzles oV, bZ{gi, e Tront and back sides of the
wafer 10 at a position-that is abhout 1 5 millimeters from the wafer ed nn The third step-s QhIhQ he wafer at

R0 LA N = e = ot =99

an even slowey sr?eec (e!89,050) rpm)5for abgut 5 seconds. Solvent is bng%]%?flfhrough both nozzles
60, 62 on the frons and b&6k sides of the wafer 10 at a pdsition that isfadmoabdb&knillimeters ffom the
wafer edge. StepR-PIMfjgse (sees)Nozzte PUbitiUl.l (mm)Fluid Dispeqse “ﬁp@"_’" :'_’)fru!lt 2190051.5front
and back 350051.0frant and baick 410005-nane (spin dry) Table 3 [0036] The vafiation in both speed and
position prevents or {eglu%es any "bounce back" that may occur from the dispelled resist bouncing all of
the walls of the chamPer and back onto the wafer surface. Also, the lower speeds serve to clean off the
edge of the w nﬁﬁg fter flrst h her s eed s %3 h(esvte Lemeovgtd 'E)he (adge be #03%%eferrlng to Fig.
6, in some e ents, the" HozY Can ) l?r d g ate te‘removal of the

COI’] an angFe flO Bfam

resist edge b 8£ctﬁ’r E?&H‘%ﬁeb&?éﬂ%‘ﬂ%c%%t JQQI?’?J&?{ Y IULGP e MBI GhEFARRdIments (as

compared to eem odiment

onto the wafer surface. Also, the lower speeds serve to clean off the edge of the wafer after
the first higher speed steps have removed the edge bead.

[0037] Referring to Fig. 6, in some embodiments, the nozzles 60, 62 can be configured
at an angle to facilitate the removal of the resist edge bead and/or to reduce bounce back.
[0038] Referring to Figs. 7-9, in other embodiments (as compared to the embodiment
of Fig. 2), the TARC layer can extend over the resist layer 14 to help reduce the possibility
of resist particle formation. In Fig. 7, the TARC layer is identified with the reference
numeral 18a and covers both the resist 14 and the BARC layer 16. The TARC layer 18a
extends to a distance that is substantially less than Smm from the edge 19 of the wafer
substrate 12. In Fig. 8, the TARC layer is identified with the reference numeral 18b and
covers the resist layer 14 but not the BARC layer 16. The BARC layer 16 extends to a
distance that is closer to the edge 19 of the wafer substrate 12. In Fig. 9, the TARC layer is
identified with the reference numeral 18c and covers the resist layer 14. The resist layer 14
extends to a distance that is closer to the edge 19 of the wafer substrate 12. Some of the
TARC materials have better adhesion with resist layer than the wafer substrate. The wafer
edge film stack as Fig. 9 shows can help prevent wafer edge TARC layer peeling during
immersion exposure process.

[0039] Table 4 below describes an improved four step EBR process that works well

10



of Fig. 2), the TARC layer can extend over the resist layer 14 to help reduce the possibility of resist
particle formation. In Fig. 7, the TARC layer is identified with the reference numeral 18a and covers both
the resist 14 and the BARC layer 16. The TARC layer 18a extends to a distance that is substantially less
than 5mm from the edge 19 of the wafer substrate 12. In Fig. 8, the TARC layer is identified with the
reference nunvéralvrgbuarrdnduvaienthelrssigsidgending thosottik BARGREyEY 1S, PAaBIARE layer 16
extends to a distance that is closer to the edge 19 of the wafer substrate 12. In Fig. 9, the TARC layer is

identified withtSES&FaRIRE: nEAETA! 1181 SR Sk WAkefid deBredigirater Ahapr VR sps (&yer 24 Vextends to a
distance that is closer to the edge 19 of the wafer substrate 12. Some of the TARC materials have better
achesion wit RS AP BT e SIS Streig ARer dHo B SACR A ARG CHBivs can holp
prevent wafer,edge TARG laver pegling duing) immstsion exposuie Rigeess, [0039] Jable 4 below
describes an improve %ou stepo%éﬁ process that works we 108 with Various combinations of layers,

including thosg, with e JARSCYEs ARk And A8 Jisey Stk ARBNRA NSullfsk SIERSIRIS the wafer at a
speed greater than 1000 rpm (e.g., 2500 rpm) for about 5 seconds. Solvent is dispensed through the

nozzle 60 on thenlipatieidhe wferdOsat adosiiopthatdsvakout 3-adnilimriarsfomndhe paler edge.
Examples of solvent include PGME, PGMEA, cyclohexanol, water solution, surfactant solution, or
combinations thendoiir Phesadondshemispinspaesudirioatia sbaweszape e (62 onlBeGr@imaniior about 5
seconds. Solvent is dispensed through both nozzles 60, 62 on the front and back sides of the wafer 10 at
a position thabislabdes d2f0hmitiafretéds:froprshndifariedyeit Thenilirdestepspindd¢heafvatagat an even
slower speed (e.g., 500 rpm) for about 5 seconds. Solvent is dispensed through both nozzles 60, 62 on
the front and Haekdidesscaies Wgraiafe0ahen Pesiton ehapdedaisdt 0O minlinestdieurdnsthedivafer edge.

Solvent is dispensed through both nozzles 60, 62 on the front and back sides of the wafer

10 at a position that is about 1.0 millimeters from the wafer edge.

Step | R.P.M. Time (secs) Nozzle Position (mm) Fluid Dispense
1 2500 5 1.5 front
2 1000 5 1.0 front and back
3 500 5 1.0 front and back
4 1000 5 - none (spin dry)
Table 4
[0040] Although only a few exemplary embodiments of this invention have been

described in detail above, those skilled in the art will readily appreciate that many
modifications are possible in the exemplary embodiments without materially departing
from the novel teachings and advantages of this invention. It is understood that various
different combinations of the above-listed treatment steps can be used in various sequences
or in parallel, and there is no particular step that is critical or required. Also, features
illustrated and discussed above with respect to some embodiments can be combined with
features illustrated and discussed above with respect to other embodiments. Accordingly,

all such modifications are intended to be included within the scope of this invention.
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StepR.P.M.Time (secs)Nozzle Position (mm)Fluid Dispense 1250051.5front 2100051.0front and back
350051.0front and back 410005-none (spin dry) Table 4 [0040] Although only a few exemplary
embodiments of this invention have been described in detail above, those skilled in the art will readily
appreciate that many modifications are possible in the exemplary embodiments without materially
departing frod99A&] novelVtakechings aembivabret eeserihpisbinwantiirexpiplgriad rsrdaansiditharious
different combinations of the above-listed treatment steps can be used in various sequences or in
parallel, and tRE¥ETEhEPpticerarsstédtHat bs W&QF‘EHJ:é'Eﬂ}ir@E.IAY§BE“P§aﬁJHé§ fimdehiedBnd discussed

above with respect to some embodiments can be combined with features illustrated and discussed above
Wit respect 13 SUIEF SHRBIHENs. Rothh TGRS i SUE LR A G e RSN 5 Relued within

the scope of this jlnvention. 11&0@4%] V\fhill)e the inv nt'{gn h lP%en esc{b%ﬁjl bé( way,of example and in
| . fore, th
terms of the ps}g]flee}rrélg%]r%eb%edllm arslts,oﬂ (lis teoaggaﬂerrllgg)rst&snedgﬁaet tﬁne%r?vegritlon is not ’Iltmeltsecg 16 the

disclosed emhodinents,dQ e GONHANY: k1S LURRAGHE B CRURT MAUBHSMAdcRtgNS ARgh-stmilar

arrangements (as would be apparent to those skilled in the art). Therefore, the scope of the appended

claims should dye;agceriecthie Rraadest interpiiationsso as to encompass all such modifications and
similar arrangements. 12 What is claimed is: 1
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2345678910 1. Amethod of processing a semiconductor wafer, comprising: forming a
photosensitive layer on the semiconductor wafer; dispensing a first liquid to a front-side edge of the
semiconductor wafer at a first distance while spinning the semiconductor wafer at a first speed greater
than about 2000 rpm; spin drying the semiconductor wafer; baking the semiconductor wafer; exposing
the photosensitive layer; post-exposure baking the photosensitive layer; and developing the
photosensitive |ayaatiszlailedriethod of claim 1, after dispensing the first liquid to the front-side 2 edge
of the semiconductor wafer, and before spin drying the semiconductor wafer, 3 further comprises

dispensjng a second liquig jo.{e UPB%%‘JSn%dQ&BIC%}%&%?WL‘E@P@H&?&Y{%

while spinning the semiconductor 5 wafer af a second speed. 1 3. Th
seconddiquid compriseermimatephaltfsensitive layer on the semiconductor wafer;

er edge at a second distance
od of claim 2, wherein the

3 dispensing a first liquid to a front-side edge of the semiconductor wafer at a
4 first distance while spinning the semiconductor wafer at a first speed greater
5 than about 2000 rpm;
6 spin drying the semiconductor wafer;
7 baking the semiconductor wafer;
8 exposing the photosensitive layer;
9 post-exposure baking the photosensitive layer; and
10 developing the photosensitive layer.
1 2. The method of claim 1, after dispensing the first liquid to the front-side
2 edge of the semiconductor wafer, and before spin drying the semiconductor wafer,
3 further comprises dispensing a second liquid to the front-side edge of the
4 semiconductor wafer edge at a second distance while spinning the semiconductor
5 wafer at a second speed.
1 3. The method of claim 2, wherein the second liquid comprises a material from
2 the group consisting of PGME, PGMEA, cyclohexanol, water solution, surfactant
3 solution, and combinations thereof.
1 4. The method of claim 2, wherein the second distance is less than the first
2 distance.
1 5. The method of claim 2, after dispensing the second liquid to the front-side
2 edge of the semiconductor wafer, and before spin drying the semiconductor wafer,
3 further comprises dispensing a third liquid to the front-side edge of the semiconductor

wafer edge at a third distance while spinning the semiconductor wafer at a third speed.
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2 the group consisting of PGME, PGMEA, cyclohexanol, water solution, surfactant 3 solution, and
combinations thereof. 1 4. The method of claim 2, wherein the second distance is less than the first 2
distance. 1 5. The method of claim 2, after dispensing the second liquid to the front-side 2 edge of the
semiconductor wafer, and before spin drying the semiconductor wafer, 3 further comprises dispensing a
third liquid to the front-side edge of the semiconductor 4 wafer edge at a third distance while spinning the
semiconductor wafer at.a tkirdegpelad.cL3nl B.wheeemdth ddréfiglatie dnpriies@imikeishirddiquid comprises a
materlal from 2 the roup consistin 2}1 MF?E;I@E%MEA C clo exanol, water solution, surfactant 3
solutiorf: and coMbi gﬂgﬁg%g}%fﬁgf cf%‘flgli]ﬁ Wﬁ%efes?%‘lﬂ%“tﬁ %iefince is less than the
second? distanggiulidh, Thecoethedafsclaiuil, wherein the photosensmve layer is soluble to the 2 first
liquid. 1 9. The method of claim 8, wherein the first liquid comprises a material from 2 the group
consisting of PGME, PGMEA, cyc a ter solution urfactan 3 solution, and combinations
thereof. {11 10. A methof %IIF proc%%d:f%z)fglsemlconﬁuc Srﬂ\}\ll%t e%St?;%?%bsrlﬁselsrslgtg growd) n(g a substrate on the
semiconductor wiafiaricd forming a photosensitive layer for immersion lithography on the substrate, 4
wherein a height of the photosensitive layer is substantially less than 2500A; 5 performing an edge-bead

removal process, incluging spinning e, SUbsURLe At & ARIAIY,RLRRSUS. QI sfspeed being

greater than 1500 revolutions per
2 first liquid.
1 9. The method of claim 8, wherein the first liquid comprises a material from
2 the group consisting of PGME, PGMEA, cyclohexanol, water solution, surfactant
3 solution, and combinations thereof.
1 10. A method for processing a semiconductor wafer, comprising:
2 providing a substrate on the semiconductor wafer;
3 forming a photosensitive layer for immersion lithography on the substrate,
4 wherein a height of the photosensitive layer is substantially less than 25004 ;
5 performing an edge-bead removal process, including spinning the substrate at
6 a plurality of speeds, one such speed being greater than 1500 revolutions per
7 minute (rpm) and dispensing solvent through a nozzle while the substrate is
8 spinning during at least one of the plurality of speeds;
9 exposing the photosensitive layer by radiation; and

10 developing the exposed photosensitive layer.

1 11. The method of claim 10, wherein the substrate includes at least one layer
2 of material from the group consisting of bare silicon, polysilicon, silicon nitride,
3 silicon oxide, low-k dielectric, and conductor.
1 12. The method of claim 10, wherein the photosensitive layer extends within
2 Smm of an outer edge of the semiconductor wafer.
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7 minute (rpm) and dispensing solvent through a nozzle while the substrate is 8 spinning during at least
one of the plurality of speeds; 9 exposing the photosensitive layer by radiation; and 10 developing the
exposed photosensitive layer. 1 11. The method of claim 10, wherein the substrate includes at least one
layer 2 of material from the group consisting of bare silicon, polysilicon, silicon nitride, 3 silicon oxide,
low-k dielectric, and conductor. 1 12. The method of claim 10, wherein the photosensitive layer extends
within 2 5mm of an outér BdgewoiidiesdanconduotarinaierhdidsiniBive heyamethadsofickenm 12, wherein the
photosensitive layer extends withi m of the outer e fg e of the semiconductor wafer. 1 14. A
semicoAductor \%y% g c%%%ﬁr%e %11’&55&1%%08 ?ﬁoﬂya 5. The method of claim 10, further
comprises forming a bottom antireflective 2 coating (BARC) layer on the substrate prior to forming the
photosénsitive layer. 1136 AThaimethotbomelamriduveddrethethetBAIRCclayeriBas a height that is 2
substantially larger than 50A. 1 17. The method of claim 15, wherein the BARC layer extends to a
distance 2 less than Syt AR AYIEY eAlak o M SEDITARALCIORAAIRT vbufh Theamelied of laim 10,
further comprises forming a top-coat layer on the 2 substrate after forming the photosensitive layer. 1 19.
The method of claatingBvireintreotdbecods tayepiadaftmight trahst@essibstalatially larger than 50A. 1
20. The method of claim 18 wherein the top-coat layer extends over an outer 2 edge of the

photosgnsitive layer. 16. The method of claim 15 wherein the BARC layer has a height that is

2 substantially larger than 50A.

1 17. The method of claim 15, wherein the BARC layer extends to a distance

2 less than Smm of an outer edge of the semiconductor wafer.

1 18. The method of claim 10, further comprises forming a top-coat layer on the

2 substrate after forming the photosensitive layer.

1 19. The method of claim 18 wherein the top-coat layer has a height that is

2 substantially larger than S50A.

1 20. The method of claim 18 wherein the top-coat layer extends over an outer

2 edge of the photosensitive layer.

1 21. The method of claim 18 wherein the top-coat layer does not extend over an
2 outer edge of the photosensitive layer.

1 22. The method of claim 18 wherein the top-coat layer extends within Smm of

2 an outer edge of the semiconductor wafer.

1 23. A method of performing immersion lithography on a semiconductor wafer,
2 comprising:

3 providing a layer of resist onto a surface of the semiconductor wafer;

4 performing an edge-bead removal process, including spinning the wafer at a
5 first speed greater than 1000 rpm, spinning the wafer at a second speed less
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1 21. The method of claim 18 wherein the top-coat layer does not extend over an 2 outer edge of the
photosensitive layer. 1 22. The method of claim 18 wherein the top-coat layer extends within 5mm of 2
an outer edge of the semiconductor wafer. 1 23. A method of performing immersion lithography on a
semiconductor wafer, 2 comprising: 3 providing a layer of resist onto a surface of the semiconductor
wafer; 4 performing angedgabead @eavahprecpssitciding spinninatbeywafer atawaifirst speed
greater than 1000 rpm, spinning the wafer at a second speed less 15 6 7 8 than the first speed, and
dispensing solvent tow#Pds tRE@Ege*B the wafer while spinning; and exposing the resist layer using an
immersion lithography 8?&9&‘&%1@%%‘%‘?@-lé'yg;4u§?tflg%‘Egﬁﬁ%?ﬁoﬁ?ﬁ‘ﬁ%@a%§t%%$%r9%%%@m an immersion
lithography 2 process, comprising: 3 a multi-speed motor for spinning a wafer chuck,, the motor
configured to 4 sequentially maintain a first speed for the chuck greater than 1500 rpm, a 5 second
speed for the chuck at Zbot FI&FEEAM ERIPHBhS RHiEMLSGOH M Vafde8 BHRREISHABEPERAE chuck at less
than 1000 rpm; apdadyshAgagle positioned on the chuck near where an edge of a semiconductor 8
wafer would reside on the chuck, the first nozzle for dispensing a solvent. 1 25. The edge-bead removal
system ®f claim 24, wheminttsecfits ez [isspinning a wafer chuck, the motor configured to

4 sequentially maintain a first speed for the chuck greater than 1500 rpm, a
5 second speed for the chuck at about between 1000 rpm and 1500rpm, and a
6 third speed for the chuck at less than 1000 rpm; and

7 a first nozzle positioned on the chuck near where an edge of a semiconductor
8 wafer would reside on the chuck, the first nozzle for dispensing a solvent.
1 25. The edge-bead removal system of claim 24, wherein the first nozzle is

2 configured to be positioned at different locations corresponding to at least two

3 different speeds of the chuck.

1 26. The edge-bead removal system of claim 24, wherein the multi-speed motor
2 is configured to sequentially maintain a first speed at about 2500 rpm, a second speed
3 at about 1000 rpm, and a third speed at about 500 rpm.
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2 configured to be positioned at different locations corresponding to at least two 3 different speeds of the
chuck. 1 26. The edge-bead removal system of claim 24, wherein the multi-speed motor 2 is configured
to sequentially maintain a first speed at about 2500 rpm, a second speed 3 at about 1000 rpm, and a
third speed at about 500 rpm. 16 27. The edge-bead removal system of claim 26, further comprising: a
second nozzle positioned on the chuck near where an edge of a semiconductor wafer would reside on
the chuck, the second 2ibZitle ddge displrsingabssaiuent ohiom 2Gidetbéthengeiviconductor wafer opposite to
the 5 side on which the first ngzzle disgenses solvent; Wg]erein e firste#ozzle is configured to dispense

solvent at about 2.5 mrft SFSHS the darer Bags Whils fhACH BT MOSE R 8 Ydked, the first and second

nozzle are configured i@ dispensesaiMentatatyvrenildd Rimcandds&sambom e wafer edge when the
motor is at the second speed, and the first and second 10 nozzle are also configured to dispense solvent
at about 1.0 mm from tHEPRRLBE WHEHRBIP thednptéhssearigradriier spdeicppppsite to the

5 side on which the first nozzle dispenses solvent;
wherein the first nozzle is configured to dispense solvent at about 2.5 mm
from the wafer edge when the motor is at the first speed, the first and second
nozzle are configured to dispense solvent at between 1.0 mm and 1.5 mm from
the wafer edge when the motor is at the second speed, and the first and second
10 nozzle are also configured to dispense solvent at about 1.0 mm from the wafer

edge when the motor is at the third speed.
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