WATER MARK DEFECT PREVENTI ON FOR | MVERSI ON LI THOGRAPHY
CROSS REFERENCES [ 0001] This application clains
priority fromU. S. Provisional Patent Application
Serial No. 601722,646 filed on Septenber 30, 2005,
entitled "Water Mark Defect Prevention for |nmersion
Li t hography" and is related to the foll ow ng
commonl y-assigned U S.. Patent Applications, the
entire disclosures of which are hereby incorporated
herein by reference: U S., Patent Application Serial
No.. (Attorney Docket Nunber TSMC2005-0545), entitled
"NOVEL TARC MATERI AL FOR | MVERSI ON WATERVARK
REDUCTI ON, " havi ng the sanme inventor and sane
assignee as the present invention.. BACKGROUND [0002]
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[0005] Fig. 1 illustrates a sectional view of one
exenpl ary sem conductor device 100 having a photo
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are being adopted. However, immersion lithography processes induce water drop residue after

an exposure process. Such water drop residue can cause water mark defects and therefore

degrade or even cause failures during semiconductor fabrication.
[0003]  What is needed is an improved immersion lithography system where the damage

caused by water mark defects are prevented and/or reduced.



processes, [0007] Fig.. 4 illustrates a schematic view
of a photo sensitive |layer having chemcally bonded
guenchers.. [0008} Figs. 5a to 5c illustrate schenmatic
vi ews of'various enbodi ments of a photo sensitive

| ayer having a pol ymer and quenchers chem cally bonded
to the polyner" [0009] Fig. 6 illustrates a schematic
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[001Z]  Fig. 9 is a flowchart of one embodiment of a method of immersion photolithography

patterning.
DETAILED DESCRIPTION

[0013) It is understood that the following disclosure provides many different embodiments,
or examples, for implementing different features of various embodiments, Specific examples of
components and arrangements are described below to simplify the present disclosure. These are,
of course, merely examples and are not intended to be limiting. For example, the formation of a
first feafure over or on a second feature in the description that follows may include embodiments
in which the first and second features are formed in direct contact, and may alse include

embodiments in which additional features may be formed interposing the first and second
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Ja

ranging between about 1% and 15% wt of the resist polymer 120.

[0016]  In furtherance of the present embodiment, the resist 120 also includes a quencher
material 140 that distributes inside the solvent and polymer. The quencher 140 is 2 base type and
is capable of neutralizing acid. Collectively or alternatively, the quencher may inhibit other
active component of the resist 120, such as inhibiting PAG and photo acid from reaction. The



quencher 140 may have a concentration rangi ng between
0..5%and 8% wt of the resist. The quencher 140 nay
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solution at 2 developing process step. Thus an unexpected T-top resist feature (bridge proftle or



have no sufficient photo generated acid to induce a
cascade of chem cal transformation (acid
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trapped (fully or partially) inside the polymer 160. The quencher 140 may have a size

substantially large compared to an average mesh size of the network of the polymer 160 so that

the quencher 140 is physically trapped inside. The quencher 140 may alternatively have a ceriain

structural group to enthance physical entanglement. For example, the quencher 140 may include a

long tail (a long chain) or a branched group such that the quencher 140 may be physically

tangled with or trapped by the polymer 160. In another embodiment, the quencher 140 may



quencher 140.. [00211 Referring to Fig. 6, in another
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[0025]  In various embodiments, the mobility of the guencher to the water drop on the resist
layer is substantially reduced. The watermark effect is also substantially reduced. Various

embodiments may be modified or combined for optimized resist patterning process.
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ma)éltéa’rvlé('.%LI L i?)g%;f gé\}ﬂ?e’ﬂ ngﬁ%te%:?ﬁzgf@aﬂgibs %@B@%g SepFhGfufiter imlude
rem@ iwabdridesis 1éfh en dwfresisila@27] The met hod 900 further

d t 904 t t t
(007911 T hometion IPp hes reppeads BuvHTaS Ao on By Sistdfeding
devaﬂﬁfn JUBLAM fele# g}_%?st'zé’g?&{s%ké’ﬁbét'aﬁﬁaﬂywolbﬁ DI W or

suitab avi ng hi gh i ndex of ' reactiaon

zmm)]d | %ﬂmﬁmd@dﬂ hayvﬁaahmm@udesaasmmmtm expasing stgptp4 and the

bk IaR O JUT G WL PR I RTE Y e g 1 Rl Bt will ave
pH gBE& t.ew 6, S0& AUERENET whids didps BY GRE nbigatikd the diffasimbithe base

r ops eft on the resist |ayer after t he expasi ng
quemmntogtﬁdwhmﬂ@]p THés eratrdire spoimpaet ot ghestitiesipn of dhegugpcby to the

exppsga é?mst ?&ﬁhﬁlsé%g tﬁl@ﬁ'{e&éﬁl:(ﬁ?gﬁ,a%ﬁ r?gsre Igglﬁé tel'niétggfifuvs\./{eogl?f g% acid from the

exp&d Gesiih feglild ifdo id@atenbiops. nay have a duration of

several mnutes as an exanp|e.. The pakin
[0031)r t hEhus; thelpirsent disclosure prg%de aphotoresgt materqal% ggapg}iymer that

turns soluble to a base solution in response to reaction with acid. The material includes a photo-

acid generator (PAG) that decomposes to form acid in response to radiation energy and a

quencher capable of neutralizing acid and having a reduced mobility,
[0032]  Insome embodiments, the guencher includes a concentration greater than about 0.5%

of the polymer by weight. The quencher may be capable of being leached at an-amount less than
about 5x107* mole /cm? to an immersion fluid. The immersion fluid may include water. The

immersion fluid may include a suitable fluid having an index of refraction (n) higher than 1 44.



removing water drops left on the resist |ayer. [0029]
The met hod 900 then proceeds to a step 908 to devel op
the resist layer in a developing solution.. The
exposed resist regions are substantially dissolved.
[0030] The nethod 900 may further include a step

bet ween the exposing step 904 and the baking step 906

to treat the,water, dr t I st
L e
carb(gfﬁrﬁt Bdn@ad aahYah@ichel The atTesst shecarbeinitinay be bheded to a mtrogen
I ffusion of the base quencher, to the ter dr

. op, . ,
atomTifithe quenchas dlhseruencher meydrcluie a pilroge 31O, FKIngran qxﬁglred electron.

uencher t.o .t he .expose W A =Yo ) {
The gispier grageid SFEEO R S0} FlrelgR Rl o gl i The
quenEﬁé}'Hxﬁiﬁﬁclu&‘é(ﬂQ%ﬂoﬂeﬁﬁi fohr-¢agigincohain aMached te thexniérogen atpm. The
) 0031]" Thus, the present disclosure r%g ov.h.de a £t her
quenphermoayewimpriserat least ur pioy H@tsagﬁﬁg;egﬁg aRigpeen gjpmoof the quencher.

soluble ta a t i . i £th
The Giephespay nEfEn fe Cof bt oy SAGRAR s AB3BHH RO ofthe
BT gl sl bttt e e
(003BF e PSP eI ogERECSRIOHAGS %@aféﬂﬁ’e‘%ﬁ%a PR ﬁ&? firns soluble to
Q0 %hn 1 ' i 5Bl 1y of photo-acid
@ basg RER PR ap o oid, PR EEEARRCOES iR of photo
geneliordEP ) that teeorfipesaad fyrrmnanid insesrmpsthlogaditionenargy; and a plurality
~ l'eached at an armqfnt I‘elss tal’é bout 5 19‘1-1131)23@ at least one of
of quenelers thatase persblenisguraliang PSF [RoY Y

i ncl Udﬁ%é%@%e i%;&bﬁgggga{o%@g%ygghd may include a

sui tab an ind refraction (n)
hi gher bdimnsubdedntially hdeophobiccarsl may be cheni cal

bonded to the polyner. Th ol ymer may include at
| east oﬂ@’swélél’g'éwegeﬂﬂhﬁ[ﬁ?ﬁﬁgﬁ"to the quencher. The at
[eosgfaStm?&ﬁ CALOARHA] the PRI oPQihRBerk rcduddi d dodgertration about one
0 fe quen

mo cher The quencher rraé\ei ncl ude a ber :chud
fourthidf ﬁ@gmnﬁhm df'allsré glgraélﬁy Fﬂb&G&.&acb |o§ yrality ofymencher may include
_quencher, may include at |eas . . :
a nittoEeR AREREZINE uﬁpq,l}eggeg%ctrgp o %a&[;ﬁfeﬁlla gﬁ‘@%’@k g:? Eﬁéaxﬁher may include an
cherriiﬁé‘i'g&‘a? hdtERshe Qi'&%ﬁéﬁ, wiettin herchemicabgionp it tedeteidfrer the group
e “hitrogen atom The quencher may on”pgl e at | ﬁast binations
consfsting ofaroatkylrgrewp, aringshueiiteoa 101 Shal, § JEARC ?cﬁgﬁoﬁ?’ gng&om
encher. ... The ne . in. . turality of
o6 S SRR e AL B s B o
quenﬁﬂﬁg gl%g%hle TheeispRAGHRE NesstankbosL BN riok Aoy to an immersion fluid.
ydr op

Ic.. The quencher may include fluoride.
The (2033 mTpfirtherinehude diselykrtdn the pAIYBEHr ovi des a materi al

[003|§1aVi %e%r&gﬁyﬁiosﬁga so #r%%ﬁessghtlémoﬁ fbC%mmersion lithography. The

method includes forming a photo sensitive layer on a substrate, the photo sensitive layer

including: a polymer that tums soluble to a base solution in response to reaction with acid; a
plurality of photo-acid generators (PAGs) that decompose to form acid in response to radiation
energy; and a plurality of quenchers capable of neutralizing acid and having a reduced mobility.
The method includes exposing the photo sensitive layer using an immersion lens system; baking
the photo sensitive layer, the photo sensitive layer being able to leach the plurality of quenchers

less than about 5x10°" mole /em? into an immersion fluid; and developing the photo sensitive



a base solution in response to reaction with acid. The

material includes a plurality of 'photo-acid

generators (PAGs) that deconpose to formacid in

response to radiation energy; and a plurality

of ' quenchers that are capable of neutralizing acid and
layBra¥Be method ucaydfurthér ihtlige by acid treasment suchehgpH Ydyery water drops on

NEEENONE A R R e PR
the [bgigﬁg g £ bibts SeFRitRENRH: MR ificlud eﬁ@m@hﬁ% datet §rop§. quencher s

e a concentratlon about one ourth of a
concentration of "the plurality of' PAGs.. Each of the

l@]vulr ﬁ%%@om}ggﬁmh Epgﬁﬁéfl%?p%lo ?é'&%ﬁ%?%‘%dL S:{&ur a@'ﬁmse skitled in
o P g s o et v

grou i's selec

shokildupptdeiatathatthey maysealilynge Sk prasertdisplosysp aispbasis fpy 1gmng or

struct ,_a long chai branc .
mogiyiBg A YB‘HEeSS?Srf'g’rdeg(S‘?‘ pu-ﬁf % gt it e gé:b?e up\ﬁ’@:%es and/or )a}lchxevmg the
sa:ﬁenﬁlvhﬁﬂﬁge@ of ﬂ'@%%i)&iﬁ@ﬂtb hdﬁbdﬁé&@hleiehﬂtﬂiobﬂkmed nmthetayt shéuld also

quencheTs 1s capable of 'being |eached |ess t %g} ot
reaﬁ@eltﬁatkﬁcmwvaimonmwhomdm Hengririfom e spighan rfﬁ?%ﬁrq ¢ prese

dls% % F‘E‘i E}# thlag g:lau ggalfa eéa%o‘é% %@%@r %)B?at&t‘?dn){ ?ﬁi)ﬁt&%%%ﬁ?ﬂler ¢in without

dep‘as rﬁn?&e's?ﬁﬁ%ﬁﬁ@&ibé of tH@esenrdifthaduienc| udes forning a
o sensitive |layer on a substrate, the photo

sen3|t|ve | ayer including; a polyner that turns
soluble to a base solution in response to reaction
with acid; a plurality of photo-acid generators
(PAGs) that deconpose to formacid in response to

radi ation energy; and a plurality of quenchers
capabl e of neutralizing acid and having a reduced
nmobility. The method includes exposing the photo
sensitive layer using an i mersion |ens system baking
the photo sensitive |ayer, the photo sensitive |ayer
being able to leach the plurality of quenchers |ess

t han about 5x10'13 nole /cnR into an inmersion fluid;
and devel opi ng the photo sensitive 8 |ayer. The net hod
may further include an acid treatnent such that pH

val ue of water drops on the photo sensitive layer is
bel ow 6 after the exposing of the photo. sensitive

| ayer. In the nethod, the baking of' photo sensitive
| ayer may include renoving water drops. [00361 The
foregoi ng has outlined features of several enbodi nents
so that those skilled in




the art may better understand the detail ed description
that follows. Those skilled in the art should
appreciate that they may readily use the present
di scl osure as a basis for designing or nodifying
ot her processes and structures for carrying out the
sane purposes and/or achieving the sane advantages of
WHATSSaDbAUMBINS: i ntroduced herein.. Those skilled in
the art should also realize that such equi val ent
constructions do not depart fromthe splrlt and scope
of 1 * t hesnp as@fitor Sle3f iftiesfon MAGET d;khart eisingay make
vari ous c anges, substitutions an [terations herein
Wi 4 belytner thapturis sojuifle tsha base selption in raspanssde practm witlyasid;

present dj.sclosur T IS L
i B’P‘?tﬁTwﬁicﬁﬂnﬁfég" WWQFW&W@E&%@ ol inrép oIS e redietion

ener?y REgymer that turns soluble td a base solution in

ésponse to reaction with acid; a photo-acjd ner at or

( PAGrerchatcapaonpoeswlizingreidmand havas d redy Cfidé'g‘i&&ﬁ‘éfe to a
radi ati on energy; and a quencher capable of
neutralizing acid and having a reduced nmobility. 2.
The mat ¢hd Altetthl 61 Qhil L, wivddéin ehaieheher canmisera concentration greater
conprises a concentration greater than about 0..5 %

than aboutiles Yodfithepolymnenby giight3. The material of claim 1,
wherei n the quencher is capable of'being | eached at an
amount | ess than about 5x 10-13 nole 1cn2 to a fluid

used i NThomatdARE SIS | Wikainalpeyoencher is cipwiﬂttﬂbemga\%‘?hed at an
of "claim 3, V\herel n the fI ui d conprises water

amoumttlessitizn abbuc a0’ solerer’ap s Thikused in the mﬁﬁ%&h%rﬁp y
i ndex of'refraction (n) higher than 144 . 6, The
material of claim1, wherein the quencher is
chgni cairhy nhRRREsE 818int Hievhaehyiefluid cmiies water i al
of ' cI aim6, wherein the pol ymer conprises at |east one
car bon unit bonded to the quencher. 8. The materi al

b o ﬁ g legl {fb 7gla¥\ﬁ1ia[ ?f cqmtrrpf Pherbi ﬁ%&{jﬂlﬂ& %m‘ﬁ 3&9 Qn ik of @fraction (n)

ogén atom o e quen
higher than 1 44.

6. The material of claim 1, wherein the quencher is chemically bonded to the
polymer-.

7. The material of claim 6, wherein the polymer comprises at least one carbon unit
bonded to the quencher.

8. The material of claim 7, wherein the at least one carbon unit is bonded to a

nitrogen atom of the quencher.

0.  The material of claim 1, wherein the quencher comprises a nitrogen atom having

an unpaired electrom.

10



9.. The material of'claim1, wherein the quencher

conprises a nitrogen atom having an unpaired

electron.. 10" 10.. The material of' claim9; wherein

t he quencher conprises at |east one ring structure

attached to the nitrogen atom. 11.. The materi al

ofihcl aifRe fhatepaboLtlRint Dewksten chequencigcospsisatat lealsine ring

four atomunits attached to the nitrogen atom of the
structere etiadhed to the nitroged afiterial of 'claim 9, wherein the

guencher conprises at | east one branch chain attached

to the nitrogen atom of the quencher.. 1:3.. The

mpt.er i Tthe AfatetiaRbNeidim Khehieptin thidgueniclenn comprises at least four atom units

substantial ly hydrophobic.. 14. The material of claim
attachadio thi pittsigan elem ofidagrenchelonpri ses fluoride.. 15.. A

material conprising: a polyner that turns soluble to a

base solution in response to reaction with acid; a

plar al Thymeferiahet Qaiarcd,dvigesie tiat queackdPAG@nprisdsat least one branch chain
deconpose to formacid in response to radiation

attacheshiorthg nittegen atop) e the AUSNCBET quenchers that are capabl e
of neutralizing acid, and having a reduced nobility
by at |east one of. being chemcally bonded to the )
PD3.y MeThe mbRiiaDofkddiat Bwheadih thenguencen dubstantindly hydrophobic.
physically trapped in the polyner.. 16 The material of
claim15, wherein the plurality of quenchers conprises

TR oyt itrs pronc

material of claim1l5, wherein one or nore of'the
plurality of' quenchers conprises a nitrogen atom

hbvi ng‘_\é??éelﬂﬁ%ﬁSWé‘amSi ectron. 18.. The materi al
o4 &},ﬁ'emhy rart @RI D cSPEHRe SlutifiBintesionke ioreadtioauadcisd;
co?rp Ises an chem cal group bonded to the nitrogen,
vhgleility ofphatdrecidgahergton (P AGS) hat decanepose snformect igypsponse to
11
radiation energy; and
a plurality of quenchers that are capable of neutralizing acid, and having a reduced
mobility by at least one of:
being chemically bonded to the polymer;
being substantially hydrophebic; and

physically trapped in the polymer.

16 The material of claim 15, wherein the plurality of quenchers comprises a

concentration of about one fourth of a concentration of the plurality of PAGs.

17 The material of claim 15, wherein one or more of the plurality of quenchers

comprises a nitrogen atom having one unpaired electron.

18,  The material of claim 17, wherein each of the plurality of quencher comprises an

“chemical group bonded to the nitrogen, wherein the chernical group is selected from the group

11



consi sting of an alkyl group, a ring structure, a |long
chain, a branched group, and conbi nations thereof'.
19. The material of'claim15, wherein the plurality

of ' quenchers are configured to exhibit a reduced

mobi lity such that the quenchers are capabl e of being

| eachgd n . t lagid t6iMiBinations
conssGREAE Pty ot P gegRe BB Rp Ll enBand 1ot
therdo®r t her conprising a solvent in the polyner. 21. A

met hod for inmmersion |ithography, conprising: formng

a photo sensitive |layer on a substrate, the photo

2 g WJ Ib|t Lftfeoxhgt%ﬁﬁ] df%ﬁiffiqismherﬁn Y M litytd¥Qbierichérs re configured to

ase solution in response to reaction
exhibit b Fedacdddnobititysuol Hat thy quénshers ereaepableefihsingileached tapamount less
that decqmpose tp formacid in response to radiation
than ebet §y 1 0araolg /gn JP&PiIWeE#G“qé}EﬁC hers capabl e
of ' neutralizing acid and having a reduced nobility;
exposi ng the photo sensitive layer in an inmmersion

| i $hogr pdhatatcElahtls, frthémampsisiop a sélvertdy thogklymer.
the photo sensitive layer, the photo sensitive |ayer
being able to leach the plurality of'quenchers at a

rate legs t B0 a0 ndnpieided Nt O the
i né‘rgr Si ﬁn?tﬁog{‘fg?ﬁglﬁgrsgé\}éﬁ%ﬁpﬁg, thgﬁex%ose_q phot o .
s epssintdgepHoRy ensitive layaconedubsichte theqihatoseasitive layar egluding:
conprising perform ng ap acigd treat.nent suc : : : 3
oH ol Cepashapber ERABBPISS ¢ B SRR BuRg T g TP af with acid;
I's bel oy, ‘oHoRfad¥ BARHHSs 08 A B8 tha? Bedonpesemifoim acid in
| ayer. %I%S{rﬁs}%ﬁfa o? cl aclﬁ-FnﬁiZL ﬁv\,her ein p?he baki ng
of ' t heespdint @ mdiativt eneegy;agér is configured to
Facil t;\ Itﬂ%rarﬁ%rrg c%:lent%cers\’\z%%gbrle op I{G%B‘gliz'inglazcid and having a reduced
mobility;
exposing the photo sensitive layer in an immersion lithography system with an immersion
fhuid;
baking the photo sensitive layer, the photo sensitive layer being able to leach the plurality

of quenchers at a rate Jess than about 5x 10" mole /cm? into the immersion fluid; and

developing the exposed photo sensitive layer.

23 The method of claim 21, further comprising performing an acid treatment such

that a pH value of water drops on the photo sensitive layer is below 6 after the exposure of the

photo sensitive layer.

93.  The method of claim 21, wherein the baking of the photo sensitive layer is

configured to facilitate removal of water drops.
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