| MVERSI ON LI THOGRAPHY EDGE BEAT? REMOVAL BACKGROUND OF THE | NVENTI ON
Field of the Invention [0001] The present disclosure rel ates
generally to the fabrication of sem conductor devices, and nore
particularly, to a nmethod and system for the renoval of photoresist
residue froma sem conductor substrate. Description of the Rel ated
Art [0002] thhograoh IS a nechanlsn1b mhlch a pattern on a mask is
projected onto a IMMERSION IJTHOGRARHYEDCEREADREMOVAL | n areas
such as sem conduct or photollthography, it has beconme necessary to
create imges on the rate m ni num
feature sizes under aﬁggggﬁgﬁﬂﬁkﬁ{?ﬁﬁﬁ%@aﬁgﬁﬁ?ﬁ%gfﬁé mensi on (CD).
Currently, CDs are reaching 65 nanoneters and |ess. [0003] | nmersion
I|thograpp%k1§qﬁeﬁgmhggyance in photollthography, in which the
exposure edur, erforned with a liquid t he space
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i mrersi on provi des enhanced dept h-of -focus (DOF) for printing ever
smal | er f &sidde Eem Y oWELPIUFHE SihifiRiesi on exposure step nmay use
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space betﬂ@ﬁﬂqﬁhﬁoﬂﬂkq&mﬁ&ﬂA}he Iens Though t he exposure time is
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has reduced . . o e
minimum feature sizes under a resolution limit or critical dimension (CD). Currently, CDs

are reaching 65 nanometers and less.

[0003] Immersion hithography 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.

[6004] 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.



contam nation of the i mersion exposure fluid and | ens, and reduced
defects on the wafer. | BRI EF SUMVARY OF THE | NVENTI ON [ 0006] In one
enbodi nent, a nethod of performng i mersion |ithography on a

sem conductor wafer is provided. The nethod includes providing a

| ayer of resist onto a surface of the sem conductor wafer. Next, an
edge- bead renoval pr TREVIL reater than
1080 revol utions perqigﬁﬁyzaye.gApﬁgggﬁfﬁqg%gq?gﬁgﬁggggdispenses

sol vent through a nozzle while the wafer is spinning. Then, the

resi st | aj0l's drp¥sedinbadensity arnsthadepsipeforniinghgumeaisiy Ehppariyeon a
system [0007] In sone enbodi nents, the edge bead renoval step

i ncl udes &emirpnguctenyafepisqueygded. + Rigt methochinckupes pratiding atlayer fof Festst epead
greater than 1000 rpm and di spenses solvent towards an edge of the
waf er whi P&faspphihe seynicendyeteniefes plextmngdgsirad iemovebpragess srensvibd eefenat a
second speed |ess than or equal to the first speed and di spenses
sol vent t awasadsgredier ey d0dF ravhlationsaes minkie (e gs pbomti 1460 remdamd dispeneks
spin process that spins the wafer at a third speed | ess than or
equal to sdlecnsduvorgh speet: whik thespdersie spmoinge rifhen,otha reksst tldyer edggosil
the wafer while spinning. [0008] In another enbodinent, a nethod of
per f or m ngsingrremsnasion lithbggrlgphiyosore sgstemen conduct or substrate

i ncludes providing a |ayer of resist onto a surface of the

sem condufitdr] sulistoat embddienteShesddgk dy®lr re@xtat RED Mg lutean figsd sl geoceds
the substrate. Atop anti-reflective coating (TARC) |layer is fornmed
over the t@asipis,thd Wefed ARCirb@pesd Lot mitinNQ00 fRakRY didpendeh oledg & vatdstadne
substrate than the resist |layer, thereby encapsul ating the resi st
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while the wafer is spinning. Afterwards, the resist
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
dispens}ng 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



| ayer i s exposed using an imrersion |ithography exposure system

[ 0009] In another enbodi nent, an edge-bead renoval systemfor use
with an imrersion |ithography process is provided. The system
includes a nmulti-speed notor for 2 spinning a wafer chuck. The notor
is configured to sequentially maintain a first speed for the chuck
great er t kamiffOafgprhuck. She amtbripesdighed td guatiaitk maintaabo fitst 3200 for
rpm and a third speed for the chuck at | ess than 1000 rpm The
syst em al g@ dhoclt pdesr daif il 0&) rpAD 2 b@nd ppidtibomhe dhafk 4t Akowe N0OK pagand a
where an edge of a sem conductor wafer would reside on the chuck
the first thigizgpeal fobthedihapie BiSlestahan s@IOVIERL . THeOH G dIgd 8E0& s a first nozzle
enbodi nents, the first nozzle is configured to be positioned at
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of the chuck. [0011] In some enbodi nents, the multi-speed notor is

further cemfdkoué aekt sssgh fohApehdes a Jolvest speed i s about 2500 rpm the
second speed is about 1000 rpm and the third speed is about 500

rpm [001%do1bn SAABoRIBACMABEL:S ihelti BYAL RbAHGRJ ta% Peleondd HEEQ0En:
nozzl e positioned on the chuck near where an edge of a sem conduct or
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sol vent onto a sid e sem conductor wafer opposite to the side
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second nozzl es are configu ab pense so ven etwee
mm and 1. %3 ]% the waf er edge when the notor is at t he second
speed. T ? irst "and second nozzles are al so configurable to
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fol I ow ngth%rgl?l Cl( near W?le_‘rvevI atn hedgr;ee fofe a{ gerr]r%gonductor 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.

[06613] 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,



t he acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS The
present invention can be nore fully understood by reading the
subsequent detailed description and exanples with references made to
t he acconpanyi ng draw ngs, wherein: [0014] Fig. 1 is a flow chart of
a nethod for performng imersion |ithography, 3 including

i npl enent imtpdany imggerchéacthnred pobal r{rBR) (RBR) pewsss. [ 0015] Figs. 2, 7,

8, and 9 are side cross sectional views of the right-nost portion (as
seen on t ®15] guri@ys. of 7,28, aedrD aanddicireds seafoatl. vi¢vdfGhe Rilg-madt b&itidn (as
si de-vi ew di agram of an inmersion |ithography system [0017] Fig. 4
is a viewseh ohlie fHa)ooneustaidumelf wife0f Figs 1, 4 and/or 5 that is
suffering fromone or nore defects. [0018] Figs. 5-6 are views of

di fferent [gbnyj Ng mE.0GES SRS-vieSaHadriin b ERRH608ESSa Mty sFitén. 6
according to one or nore enbodi ments of the present invention.
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reference to appended clains. [0 present disclosure
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skill in art can easily apply .the teachings of the present
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mvention. 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



nmet hods and systens. Also, it is understood that the nethods and
systens discussed in the present disclosure include sone
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. Furthernore, reference nunbers are repeated
t hr oughoutmmérsiod digwigregBy fvith at leducsd kembér of clofevisns éesra@d dvithl the idfyrencand
such repetition does not indicate any required conbi nation of
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1, a sinplified flowhart of an enbodi nent of a process for 4

i mrer si onwhfet hagtraphyThei vidferasubeduwced intodes bat stebeohter s tdesigratied
with the reference nuneral 100. In step 102, a photosensitive |ayer
(PSL) is pelystrebnOviticon Higidsusifiameoxide, fow-Wallddctrsl BEd/ rdh@ictol hgatdraisee.g.,
substrate can include a bare silicon wafer, a thin film stack,

pol ysilicaRtahsilicon nitride, silicon oxide, lowk dielectric, and/
conductor materials (e.g. netal) [0022] In one enbodi ment, the PSL

is a pol ymzphotmﬁ@erﬁﬁodérﬁ&ﬁuﬁé psi. ayepolhatphb®r s,lst)a@%%atfarab&ﬁnm
l'i thography, and |ess than about 1800A for §5nm l'i thography. This is

used, in bAMHAPIRFSRL IRRRLHRIERI ledsOhRLEY AT So0RA ﬂ)?%'SﬁIﬁqltﬁ(%Itép‘B OfThis is
height to width for the CcCircuit geonetries associated w %’
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done wi t h"spin- coating

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.



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

phot ol i t hography process. For exanple, the wafer may be cleaned,
dried and/or coated with an adhesi on-pronoting nmaterial prior to the
application of the resist. [0024] In the present enbodi nent, a BARC
| ayer is pl0agked ok dtdpelOdah eslvbefrinseistahpliedrtesésdvei the sl dtabk wafiets edge
top-coat (e.g., TARC) layer is placed on the wafer after the resist
is appli édferrttheo BARGd-bawat). NESs probess géips toaprgeint tHaatsiabout cininithg
facilitate coating thickness wuniformty and a desired reflectivity.
The TARC dayef thalesgoshi@Spreceliei ghbnleafigar eddeanradomival GBR) ok acinéludat e
coating thickness uniformty. 5 [0025] At step 104, a solvent rinse

i s appl i eehetfolldvai®y@rainb@rs'sB&WS tn Bdbld NBeIvRf &is § tRE8@p plocek Wk e QirdS
"edge-bead"). This process helps to prevent the resist from

cont ami naﬁ&ggpinﬁ%imer_tﬁﬂQOW ROSMIiGhseP BRBRe fdh LROMRV! irmal ugdasp head
renoval (EBR) process includes the follow ng paraneters shown in

Tabl e | bgbWs rbtdilpindnd Wiveal &P pBERGRES:S WMIBhEeifont tHe StaferTHEP oRPERS
the wafer at 1000 revolutions per mnute for 5 seconds. During this

S_t ep, L WO ihe HRAL éu‘fﬁcé‘ & th9i7v§f919; %i Jtikr ?&ltl’{e%tck QIII'&C?.O% it {II‘RE?S 031 'tlli-’at ]ghe t%rms
mllimeters fromthe wafer edge, one for the front surface of the
wafer, th : ~ vodid Jo§n e -

torms friae it he o PAE kARt WA ratd ol MO LR Ity

"back" refrer totrhe stte-side TSt RS- M —Timme—Nozzl Positiof
(mm Fluid D?g:ense Rﬁgggs) 11?§§9 5 Tﬁﬁﬂﬁfg%?ma%gnback‘ﬁﬁﬁfgﬁﬁng -
none (spin dry) Table 1 [0028? t step 106, an imersion |ithography

process i§ performned. 1008e waf er afhd 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



resist (and any other layers) are imersed in an i nmersion exposure
liquid such as de- ionized water, and exposed to a radiation source.
The radi ation source may be an wultraviolet |ight source, for exanple
a krypton fluoride (KrF, 248 nm, argon fluoride (ArF, 193 nm, or
F2 (157nm) excimer |aser. The wafer is exposed to the radiation for a
pr edet er nonedrealaparntindiditg pely, wiiat niler depenideiht an debieedt pypge @iterned.
resist used, the intensity of the ultraviolet |Iight source, and/or
ot her facTht photddeesiexphserr &1 tanrbe Aepholodsist fiteding abetithat & Zsp@eeads aho
about 30 seconds, for exanple. After exposure, a post-exposure bake
(PEB) i seqyesdroproeeks f@rcrqaahypaters) eavage and a devel opi ng process is
used to conplete the patterning of the resist |layer. [0027]
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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



i mrersion |ithography system 20. The inmersion |ithography system
includes a |l ens system 22, an inmersion head 24 for containing a
fluid 26 such as de-ionized water, various apertures 28 through
which fluid can be added or renoved, and a stage 30 for securing and
noving the wafer 10 relative to the |lens system 22. The stage 30
further pactladéSama sbéwnabusdy B&r ttrerwadanidge h9 by iherded tirchghbut thaflkidg.
3, the lens system 22 and immersion head 24 are positioned near the
ri ght edge6.l9 of the wafer 10. It is understood that the lens 22 and
the wafer 10 experience relative novenent so that the | ens can expose
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Figs. 2 and 3, although not intended to be limting, a fault
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sol ubl e naterlal fromthe resist ayer 14, BARC ayer ARC | ayer

16
18, or a gamMihahi g%hhggglﬁ}og‘ évr/‘aarl: ugm hea’% @a{t&%] g%lmrhgrﬁ%—

shown, not only near the ma but out t

fluid 26, L}QQ)%;BL'[ I!I%h fe&Fth)?AdlcFm ;Q@f ?/\lgl}fagr fp%kﬁ;etx J)sju%sprl)&i% h@hﬁeﬁ%m has

process. fie centri ugal force of Spi NI ng at

(Table 1) J)tsresrﬁ(ﬁgd ?} ﬁ&@*ﬁﬂ%k@i h{htgglrfﬁﬂ’gg;ﬁ%t%qg 25 %Bd/&?lle{x e?i n gxe 1mmer31on

edge of the resis ge o

S R C TR e,

PR S i R D T

cxposure HRSESS L UL L & oS 4 TRL L5SUld <0 Lo pLobem i dry,
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.
[6033] 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



|'i t hography system 20 (Fig. 3) can be contam nated with the particles
40 and an increased nunber of defects occur on the wafer (where the
die are). [0032] Referring nowto Fig. 4, the wafer 10 is shown after
goi ng through an imrersion |ithography process with a conventi onal
EBR process. The wafer 10 includes defects 50 that have been caused
duri ng t h&alge dcabesge), Whee defiectist aeg deamsed SB\spink ehepatutk 6L ésmd Hce the
illustrated in Figs. 2-3, and can represent the existence of the
parti cl eswafed/ 0y at adpécdrdiditdr @imnolN0) Rah €Sg.1 1906 rphpfok apak 5 eeddndd NMiesiveg
patterns) in the resist. Qther types of defects nay al so exist.

[ 0033] Rehe&dzlcs 10, §Dfdridgpedingt 0lveRAIE Bosdiihe® hbdut € \sellith&iers Pakd ihe Weer40
fromformng in the imersion fluid 26 and on the lens 22 (as shown

in Fig. 3}dgeanid tbOtht BAHCRhOLMNEE: Of, thedfRifep Edrihdfhck Butdee Ekeﬁﬁfﬂ@s&ﬁd

waf er (as shown in Fig. 4), a novel EBR process i s provided

novel EBRsqQ€esgiwdt i Plp§Rnd %g&ﬁkn%%oﬁ@thﬂg ek v ?nm) ap BBe 5§1yc@}8
well as one or nore nozzles 62. The ot or is capab

spi nni Ng LR EARAICIRE addtack @ﬂ’@ME)&@'é&cl@h@@nolswﬁgg&lutﬁﬁ ﬁ]rﬁ%ﬁ%%gltlgﬁl&w

and in sone enbodi ments, the nozzl e(s) 60-62 are capabl uni que

movenent captididaat ﬁlgrem tfelstlnﬁem)mham%dgpes[&(?% arkBl élglezto %@A Shore

descrlbes an |nprove two step EBR process (as conpare

above), ll)(pze dfsé)l(fér{ts sf'h% GSEIQ%II{EB&I ent5 ﬁ {'ﬁe‘é nf% EH(f’Jﬁ {h%nd
hence the waf i % speegngreater %' d 1500

f Q,
B o pogﬁr?aﬁ%g@c%zghw Sl FRBRATE B LTS

f f t he bac
surtace, alabF St O 86 B oo S-S Pl Hri e
h P th t at PGVEA
g;cfghgxa%(#hm§bgg¥$§§§ﬁg?6ﬁn gﬁ&%ﬁ%?%ﬁ?‘?ﬁfut?énacgra gogblnat?ons
hat

t hereof. |+—is—understood-that—nmanv-tvpes-of resist are soluble to
one or nore Step PM. | Time (secs) | Nozzle Position (mm) Fluid Dlspense
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 vdispensed 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.
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, 1000 rpm for about 5 seconds. Solvent is
on. the front and back sides of
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waf er edge. The third step spins the wafer _at an even s|ower speed
(e.qg., 5082 PAY ¢ frgmdhe dispedled Fritsbouaging alhof the vills pbihe sbrmisr auryprek
both nozzles 60, 62 on the front and back sides of the wafer 10 at a

posi tion PHAthS Kalghyifece. Also, e [qTerapestsseryedarieprofiicefseaifbe wafesafity
RP.M Tine (secs) Nozzle Position (mm Fluid D spense 1 2500 5 2.5
front 2 18601rs highsr peeshiteps haveaprvedshagige beatl. 0 front and back

[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



4 1000 5 - none (spin dry) Table 3 [0036] The variation in both
speed and position prevents or reduces any "bounce back"” that may
occur fromthe dispelled resist bouncing all of the walls of the
chanber and back onto the wafer surface. Al so, the | ower speeds
serve to clean off the edge of the wafer after the first higher
speed st epdthhavieus embrediothel lagge ihdatng [HOQ3W]th Ref BARCNgyek0 1% thd KBb
in some enbodi nents, the nozzles 60, 62 can be configured at an
angl e to tBciskddabbec. tTie firan@papinOthe thaernesiptd gdger thaarboamsth of.g.f 2500
reduce bounce back. [0038] Referring to Figs. 7-9, in other

enbodi NENtEn) @8 abiPacamdd. 0Sélikeat endigghssanbrou@l thEindzzl2F0 ok AR FMRGE the
| ayer can extend over the resist |layer 14 to help reduce the

possi bi | i tfer ab 4t @SpeltioRandtii€ hbouk QrBNiRABters! fRorftitle whter b, TARGJIAYSET
is identified with the reference nuneral 18a and covers both the

resi st 14aacht tihguBARGMEVRIMER. cJd16heXAMRE Wa¥eEod&s, sBieRESolBo or
di stance that is substantially [ess than 5nmfromthe edge 19 of the

wafer  subshkigind anerbéoﬁ gﬁegsec&nd &despliite vaNe lfit d Sovdeptddf i gd 1Wt)dh %Jl’[bhe

reference nuneral 18b an covers the resist layer 14 but not

BARC | aye'for]a‘ﬁout-rﬁgec%.c écﬁ‘%ﬁf islcﬁsg?zﬁste@ Qﬁir%u HPbéth ngkzl'ic%sa@jl,: 82 togeﬁie;[ F]rént_la'&&c

closer to the edge 19 of the wat substrate 12.

| . . LT . _ i t
oarst b alhRSThh hRE Wil R JoBl6 FRPE BT PlnuliBEicR b B or i
closer t OTh@ ﬁnrﬁ%ﬂz séi?xs g{% vgal}gr a\ﬁvgrfl g{eﬁxssyo%e.tr rg?eteﬁ éeg/‘ %T 5 Orgrﬁl) ?c{{ ea‘aé‘\lg fSes}-(':Ac‘ﬁgs.

mat eri al s "have bett hesion w resi

bstrate. The waf film st Fi g, h h
orovent witar dho el AR P MuBh ARG bhe FoladblPack “Biep Bt B aorer
. [0039] Table 4 bel qw describ i d f tep EBR
bt ocess t At ke gt <55 T RGP B B bR R ons of 1 ayer s,
h TA

i ncl udi ng thoese—wth-the TARC layers18a and 18b
Step | RP.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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di scussed above. The first step spins the wafer at a speed greater
than 1000 rpm (e.g., 2500 rpn) for about 5 seconds. Solvent is

di spensed t hrough the nozzle 60 on the front of the wafer 10 at a
position that is about 1.5 mllinmeters fromthe wafer edge. Exanples
of solvent include PGVE, PGVEA, cycl ohexanol, water sol ution,

sur f act an{00dd] ut i While tie inveotidi kabeandestrived @pfway Dhexaaetond is tt@ms DPihas
the wafer at a slower speed (e.g., 1000 rpm for about 5 seconds.
Sol vent i gretirsydesistedinidatsOughl footeh umiezszdodsthBOthe GRvedRoR e nbtr BRtted@fd the
back sides of the wafer 10 at a position that is about 1.0

m | | i met edBclbsedrnttdginwalse moabkgeontratkh@ if HikdndeBlotPBvERlaNsust hediM&kiess ald
an even slower speed (e.g., 500 rpnm) for about 5 seconds. Solvent is

di spensed siliou@hgbatdls R9%8hiaDe GFparde 0dRost RRiIEL Btke A1) ThAGHrS QS HRf
the wafer 10 at a position that is about 1.0 mllinmeters fromthe

waf er edges th(S,taggenBedD cIMms shHBd 68 @6 dcNARLZbBadReSihlel Rt dib Klidtsbompass
D spense 1 25 5 1.5 front 2 1000 5 1.0 front and back 3 500 1.0

front andRack mdifd@lGhsand _siﬂf?l@?arﬁaﬁ? Rend y) Table 4 [0040] Al though
only a few exenpl ary enbodi nents of this invention have been
described in detail above, those skilled in the art will readily
appreciate that many nodifications are possible in the exenplary
enbodi ments without materially departing fromthe novel teachings
and advantages of this invention. It is understood that various

di fferent conbinations of the above-listed treatnent steps can be
used in various sequences or in parallel, and there is no particul ar

step that is critical or required. Also, features illustrated and
di scussed above with respect to sone enbodi nents can be conbined with
features illustrated and di scussed above with respect to other

enbodi nents. Accordingly,

12



all such nodifications are intended to be included within the scope
of this invention. 11 [0041] Wile the invention has been descri bed
by way of exanple and in terns of the preferred enbodinents, it is
to be understood that the invention is not Iimted to the disclosed
enbodi ments. To the contrary, it is intended to cover various

nodi fications and simlar arrangenents (as would be apparent to

t hose skill @k R ddigedtst). Therefore, the scope of the appended

cl aims shoul d be accorded the broadest interpretation so as to
enconpass all such nodifications and simlar arrangenents. 12 Wat
is cllaimed is: 1.2 m@herkefipgebessingprsomessdurer avafemoopnduogt or waf er
conprising: 2 formn hot osensi tiye |layer on the sem conduct or
vvapgrz; 3 di spensff"i’iﬂn%gf’ﬁ?t&enﬁlwfﬁ?ﬁrf”bthﬁ SppisArdusiog¥aitige of t he

sem conduct or - - A i Jel i i t

sem ?onduct or ﬁl %n%%g iﬁfsifl}lé]%lﬁz%gg{yﬁggggfgwfﬁ %glﬁ&{%g%‘cg%r ‘gagﬁroatrapm
6 spian drying t Hastsdsrimee mdile tspihning iR semichnbakdrngaféhe astasi Heddgrestar
waf er; 8 exposing the photosensitive |ayer; 9 post-exposure baking

t he phot osensi titg@qbayfe?ﬂ,%m 10 devel opi ng the photosensitive

Iayer6. 1 2. The nethad of cl ai r’gl affte_r di spensing the first liquid
to the front-sid8" lg%igjgsgfm%émf%W%nductor waf er, and before spin

drying the sem qpRElEeleQbmMBh@icior wareh;ur t her conprises di spensing a
second liquid to the front-side edge of the 4 sem conductor wafer

edge 8at a seconcdxpessigahecpghomseds@ivepayeni ng t he sem conduct or

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
4 wafer edge at a third distance while spinning the semiconductor wafer at a third speed.

13



5 wafer at a second speed. 1 3. The nethod of claim2, wherein the
second liquid conprises a material from 2 the group consisting of
PGVE, PQGMVEA, cycl ohexanol, water solution, surfactant 3 solution, and
conbi nations thereof. 1 4. The nmethod of claim 2, wherein the second
di stance is less than the first 2 distance. 1 5. The nethod of claim
2, after dispensing the second liquid to the front-side 2 edge of

t he sem conduct of. ThehRthod 8Ndaikes, Wh%reﬁpth@t}ﬂﬁﬂgﬂﬁ bRBriLs M@Hﬁﬁpﬁ'&rﬁr
wafer, 3 further conprises dispensing a third liquid to the

front>si de e geupfeotsinting ehPCURIRGMHA, cyclvimk@nl, edge settian, turfacent

di stance whil e spinning the sem conductor wafer at a third speed. 13
1 6. The ne?WBWHdFMGPQgW?@”“ﬂﬁ@?@ln the third liquid conprises a
material from 2 the group consisting of PGVE, PGVEA, cyclohexanol

wat er; sol ution, BYhf actdnbt aifd, WnkRh th@aﬂd%%m@ﬁﬁéSQFé Eﬂa%%&%
The nmethod of claim5, wherein the third distance is [ess than the
secored 2 ddisthmece. 1 8. The nmethod of claim 1, wherein the
photosensitive |ayer is soluble to the 2 first liquid. 1 9. The f

met hod of claim @8, wherein_the flrst I|qU|d conprises . a material from
2 thé group consi dbF RGhat OB | pasiein the phatosresiaisdever inapbledoihgt i on,
surfactant g .o %1 ion, and conbinations thereof. 1 10. A nethod for
processing a se conduct or waf er, conprising: 2 providing a
substrate on the sem conduct or mafer; 3 form ng a photosensitive

| ayert for i nmer sl dhe ethhd gf dghyg, erheteheths tiBshiquad &ymprises 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 2500A;
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 5mm of an outer edge of the semiconductor wafer.
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4 wherein a height of the photosensitive |ayer is substantially |ess
t han 2500A; 5 perform ng an edge-bead renoval process, including
spinning the substrate at 6 a plurality of speeds, one such speed
bei ng greater than 1500 revolutions per 7 mnute (rpm and

di spensi ng sol vent through a nozzle while the substrate is 8 spinning
during at |least one of the plurality of speeds; 9 exposing the

phot asensitive |@yehe xlﬂythf)@—gﬂ Aim0n; whREn krdRYELBRE RYel AR EXPASET
photosensitive layer. 1 1 . The nethod of claim 10, wherein the
substrate i Mmud@ghcaqguté:reaget ofcheseldgoaduct@ voffermat eri al from the group
consisting of bare silicon, polysilicon, silicon nitride, 3 silicon

oxi de, |owk d| ric, nd conduct or 12. The th of claim 10,
mhergin t he photoséﬁ?PFoe CFEV@& @??@ﬁﬂéwﬁaqqﬁq¥ﬂ‘anWﬂﬁgf an out er
edge of the sem conductor wafer. 14 1 13. The nmethod of claim 12,

wher ei n the photiGseRshbhyeof c@dfﬁrme?&}tﬁ&@gm%ie@ ktmirds LoHEM a‘ﬁﬁreﬁ@&w@ uter
edge of the sem conductor wafer. 14. A sem conductor wafer produced
by tRe net hodtied (FARENRED on the ‘_sﬁbstrﬁ’da @rimetoHohind the pbatosedGtiveflayer.ner
conpri ses forning a bottomantireflective 2 coating (BARC Iayer on

et had of el ai m 05 HBFERN REMBARE, BF BARE i arfi Bl R 27

subs@antlalﬁmgg§ﬁ9§hnggggnggg 1 17. The nethod of claim 15, wherein
the BARC | ayer extends to a distance 2 |less than 5mm of an outer
edge of the sem conductor wafer. 1 18. The nethod of claim 10,
furtBer conprisdg. Tlormethed of davp-16 owberdimylerB ARC {dyer exRndutostdigdree af t er

fornln t he tosensi.tive
9 egs tl(l)a mm of an outer eﬁge 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 I19. The method of claim 18 wherein the top-coat layer has a height that is

2 substantially larger than 50A.

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

15



1 19. The nmethod of claim 18 wherein the top-coat |ayer has a height
that is 2 substantially larger than 50A. 1 20. The nethod of claim
18 wherein the top-coat |ayer extends over an outer 2 edge of the
phot osensitive layer. 1 21. The nmethod of claim 18 wherein the
top-coat |ayer does not extend over an 2 outer edge of the

phot gsensi tive | T i j

t op- giat | ayer é%%ﬁ%géﬁafﬁﬁ?%ﬁﬁdQE%@&QgP%%&%ﬁF&%ﬁgdgg%g?!?%gﬁewa&r
sem conduct or waflele.spihndg; and et hod of perform ng i mrersion

| i t hography on a sem conductor wafer, 2 conprising: 3 providing a

| ayer® of resist GRS UEFiEdayeHfusIEansiEmcEder libpsiephateosurg system.
perform ng an edge-bead renpval process, including spinning the wafer
at a; 5 first spged. g t

second speed Iegg'qf%&gékg&ihgﬁﬂf%gggP{ggz% p&@p Q%P%%%ﬁ%?ﬁégggﬁv

t owards t hepeelgg comptisigg:wafer 7 while splnnlng, and 8 exposing the
resist layer using an inmmersion |ithography exposure system 1 24.
An edge- bead rerﬂ)maltl spped awidrolor yeianing tahwalier ichurlir dicomolor tchufiguagship 2

process, conprisin a nu t|- eed or for |nn|n a fer
chucK, the nDtor ‘%H?QBMW@ﬂmfba “§@S%§ﬁ¥tQ?me it mbl$?%§WL§beed
for the chuck grgaj@rsptdaad: drQQudiPiP abBut l%tv%%ﬁ %Gb ﬁid h QJor (]I;Afil &g huck
at about between 1000 rpm and 1500rpm and a 6 t spee or the

chuck at | ess t hhind $BEOFor pigich@dktht Bsathfid (&0 rp@zalde p05|t|oned on the

chuck near where an edge of a sem conduct or
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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8 wafer would reside on the chuck, the first nozzle for dispensing a
solvent. 1 25. The edge-bead renoval system of claim 24, wherein the
first nozzle is 2 configured to be positioned at different |ocations
corresponding to at least two 3 different speeds of the chuck. 1 26.
The edge-bead renoval system of claim 24, wherein the nulti-speed
notor 2 is configured to sequentially maintain a first speed at
about 2500 rpm & $RCQRELEREEHovaD sAtenPBAMimPBORhAPonpRdn@ third
speed at about 500 rpm 16 27. The edge- bead renoval system of claim
26, further conpess®pmynozzia psgterd ondezheckpest vhanadedgnof e chuck near
where an edge of a, sem conductor wafer would reside on the chuck
the second nozz|¥mfgpducyy 3k dionl resideAnibhehughttls sgeaiddez4ds forhe

seco _ . Venthihts .. |
3 spenses. sol vort TUEr erivFih® § 1y & SR OBt MBplp B POt S

sol verg at aboutside.ca wHRh the am hdiglewaheiseedgenhen the notor is at the
first speed, the first and second nozzle are configured to dispense

sol vent at bet wegercin thenfissanerzle. § configureshio disgensasadyenedgebowhdn mine

motor is at the secqnd eed, and the first and second 10 nozzle are
al so configuredfggngp§$§ §@g§8%Vbﬁ¥f%¥méﬁéh@© 18 f%%ﬁﬁfﬁ?ﬁﬁﬁ%ﬁ

edge when the myj.0f. Lm% c@ﬁfigtune% ¢b Bisf)glsé Qﬁ%qt atJbtheen 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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