Descri pti on AQUEQUS COVPOSI TI ON FOR COATI NG OVER A
PHOTORESI ST PATTERN Techni cal Field The present
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phot oresi st pattern to inprove |ithographic
performance and also relates to a process for using
such a coating for nmaking an i mage on a substrate.
Background Art The densification of integrated
circuits in sem conductor technol ogy has been
acconpani ed by a need to manufacture very fine
i nt erconnecti ons w t hi nDebegstionnt egrated circuits.
Utra-fine patterns are typically created by form ng
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phot ol i t hographi c techni ques. Cenerally, in these
processes, a thin coating of a filmof a photoresist
conposition is first applied to a substrate materi al,
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exposed areas of the coated surface. Visible |ight,
ultraviolet (UV) light, electron beam and X-ray

Ba A nergy are radiation types commonly used today
in_mcrolithographic processes. After this inmage-wi se
expaudensifigptiaroat ddedratast ciewts i semigandugior Heehnology has
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theph dbtegededtcircuits.  Ultra-fine patterns are typically created by forming
patterns in a photoresist coating using photolithographic techniques. Generally,
in these processes, a thin coating of a film of a photoresist composition is first
applied to a substrate material, such as silicon wafers used for making integrated
circuits. The coated substrate is then baked to evaporate any solvent in the
photoresist composition and to fix the coating onto the substrate. The baked
coated surface of the substrate is next subjected to an image-wise exposure to
radiation. This radiation exposure causes a chemical transformation in the
exposed areas of the coated surface. Visible light, ultraviolet (UV) light, electron
beam and X-ray radiant energy are radiation types commonly used today in
microlithographic processes. After this image-wise exposure, the coated
substrate is treated with a developer solution to dissolve and remove either the

radiation-exposed or the unexposed areas of the photoresist.

Miniaturization of integrated circuits requires the printing of narrower and
narrower dimensions within the photoresist. Various technologies have been

developed to shrink the dimensions to be printed by the photoresist, examples of



M niaturization of integrated circuits requires the
printing of narrower and narrower dinensions wthin
W@ b@Ipssssr esi st. Various technol ogi es have beREI/1B2009/005975
devel oped to shrink the dinmensions to be printed by
t he photoresist, exanples ofsuch technol ogi es are,
mul til evel coatings, antireflective coatings,
phase-shi ft masks, photoresists which are sensitive at
shorter and shorter wavel engths, etc. One inportant
process for printing smaller dinensions relies on the
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hotoresist which is coated with a top |layer, the
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thereby adhering to the photoresist surface, but are removed where the top
shrink coating has not been crosslinked. US 5,858,620 discloses a method of
manufacturing a semiconductor device, where the subsirate has a patterned
photoresist which is coated with a top layer, the photoresist is then exposed to
light and heated so that the photogenerated acid in the photoresist diffuses
through the top layer and can then crosslink the top layer. The extent to which
the acid diffuses through the top coat determines the thickness of the crosslinked
layer. The portion of the top layer that is not crosslinked is removed using a
solution that can dissolve the polymer.

Brief Description of Drawing

Figure 1 illustrates the imaging process using the shrink material, where (l)

denotes a photoresist, (Il) denotes an antireflective coating, (I11) denotes silicon,



light and heated so that the photogenerated acid in
t he photoresist diffuses through the top | ayer and can
w0 b@o/153edsssl i nk the top |ayer. The extent to wWETIB269005975
acid diffuses through the top coat determ nes the
t hi ckness of the crosslinked |ayer. The portion of the
top layer that is not crosslinked is renoved using a
solution that can dissolve the polynmer. Brief
Description of Drawing Figure 1 illustrates the
i magi ng process using the shrink material, where (1)
(IV)diemottes a photaresisesatidrn. (M) Idendtasod ehrialceetiniy, ahd€vi)idenotes
.Cﬁ%{in I11) denotes silicon,(lV) denotes a
anig qﬁﬁgéy t pattern. (V) denotes a shrink coating, and
(M) denotes an interface layer. Sunmary of Invention
The present invention relates to an agueous coating
Su VERU®Hr coating a photoresist pattern,
conprising a polynmer conprising at |east one unit with
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preferably both R4 and R5 are Cl1 to C6 al kyl. The
invention also relates tmRa process for inmaging a
phot oresi st | ayer using Apresent novel conposition.
Description of the Inventign The present invention
relates to a coating congy '%ion of a shrink coating
material conprising a water gol ubl e pol yner conpri sing
preferably dial kylamno (-N ‘é’l kyh) (al kyl 2)) groups,
that is, the pendant nitro%?ﬂ\agtached to the pol yner

'S
(1)
where, Rq to Rs are independently selected from hydrogen and C; to Cg alkyl,
and W is G, to Cg alkylene. Preferably Rs is Cq to Cg alkyl, more preferably both

R4 and Rs are C; to Cgalkyl. The invention also relates to a process for imaging a
photoresist layer using the present novel composition.

Description of the Invention

The present invention relates to a coating composition of a shrink coating
material comprising a water soluble polymer comprising preferably dialkylamino
(-N(alkyly) (alkyl2))groups, that is, the pendant nitrogen attached to the polymer is
preferably alkylated with (alkyl;) and (alkyl,) groups and free of hydrogen. A
polymer which is water soluble and comprises the alkylamino group is particularly
useful for coating over photoresists sensitive in the deep ultraviolet, especially at
248 nm, 193 nm and 157 nm, where the photoresist polymer comprises groups
that can react with the alkylamino group. The reactive groups in the photoresist
polymer can be groups such as those selected from carbonyl (C=0) and hydroxyl.

The object of the invention is to form a coating over the imaged photoresist



preferably al kylated wth (al kyh) and (al kyl 2) groups
and free of hydrogen. A polyner which is water sol uble
w@peoasssps i ses the al kyl ami no group i s parti cuPEr/iB2009/005975
useful for coating over photoresists sensitive in the
deep ultraviolet, especially at 248 nm 193 nm and 157
nm where the photoresist polyner conprises groups
that can react with the al kyl ami no group. The reactive
groups in the photoresist polynmer can be groups such
as those selected from carbonyl (C=0O and hydroxyl.
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composition on top of an imaged photoresist pattern, reacting a portion of the
shrink composition near the photoresist interface, and removing the unreacted,
soluble portion of the shrink material with a removal solution.

Figure 1 illustrates the process for using the shrink material to reduce the
spaces between the photoresist patterns, where the photoresist (l) is coated over
an antireflective coating (ll), imaged to form a photoresist pattern (V) and then
coated with the shrink material composition (V). The substrate is heated to form
an interface layer (VI). The unreacted shrink layer is removed, thus forming a

photoresist/interface layer pattern with a narrower space than with the
photoresist alone.

The novel aqueous shrink coating composition for coating a photoresist

pattern, comprises a water soluble polymer or essentially a water soluble



conposition on top of an imaged photoresist pattern,
reacting a portion of the shrink conposition near the
w@bwbosiwss st i nterface, and renovi ng the unreaPCBTB2009/005975

sol ubl e portion of the shrink material with a renoval
solution. Figure 1 illustrates the process for using

the shrink nmaterial to reduce the spaces between the

phot oresi st patterns, where the photoresist (I) is

coated over an antireflective coating (l11), imged to
forma photoresist pattern (1V) and then coated with
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photoresist/interface |ayer pattern with a narrower
space than with the phot i st al one. The novel
aqueous shrink coating ition for coating a

phot oresi st pattern, conprises a water sol uble polyner
or essentially a water sohtblepol yner conprising at

| east one al kyl am no group, \Were t he nononeric unit
conpri sing the dial kyl am no group has a structure (1),
(D where, RL to RS are indeff ntly selected from
hydrogen and G to C6 alkyl, and Wis G to C6

al kyl ene. Preferably R5 is(@ to C6 alkyl, nore
preferably R4 and R5 are G to C6 alkyl. Wis free of
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independently selected from methyl, ethyl, propyl and butyl. In yet another

embodiment of the monomeric unit (1) in the polymer, R; and R, are hydrogen,

Rs is hydrogen or methyl, W is ethyl or propyl, and R, and Rs may be selected

from methyl, ethyl, propyl and butyl. Examples of monomers that may be used to

form the monomeric unit of structure (1) are dimethylaminoethyl acrylate,

dimethylaminoethyl methacrylate and dimethylaminopropylmethacrylate.

The polymer may be a homopolymer of the monomeric unit of structure (1 )
The polymer may also comprise at least one monomeric unit of structure (1) and’
at least one other comonomeric unit. The comonomeric unit may be a vinyl
monomer. In one embodiment of the polymer in the novel composition, the
polymer comprise, a unit of structure (1) and at least one unit of structure (2),



fromnethyl, ethyl, propyl and butyl. Exanples of
nmononers that may be used to formthe nononeric unit
w@Roostisasag ure (1) are di nmet hyl am noet hyl acryl BCEIB2009/005975
di met hyl am noet hyl nethacryl ate and
di met hyl am nopr opyl net hacryl ate. The pol yner nmay be a
honmopol ynmer of the nononmeric unit of structure ( 1)
The pol yner nay al so conprise at | east one nononeric
unit of structure (1) and at | east one other
conononeric unit. The conmononeric unit may be a vinyl
non&nHLRﬂln one enbodi nent of the polynmer in the novel
conposi ?n the pol yner conprise, a unit of structure
(1) "and|at | east one unit of structure (2),N XY 2 (2)
wher e, to R8 are independently selected from
hydrogen and Cl1 to C6 alkyl, Ais selected froma
single bond, O C(O, (CCOO and G to C4 al kyl ene,
and X, Y Z and N (nitrogen) conbine to forma cyclic
structure, further where, X is selected fromG to C
al kyl ene, unsaturated C to C6 al kylene, direct bond,
and ntxtu ﬁs thereof, Y is selected fromGC to C6
al kyl ene," tunsaturated G to C6 al kyl ene, direct bond,
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t her eof . The
X is selected from C1 to G alkylene, unsaturated C4 to Cs alkylene, direct bond,

and mixtures thereof,

Y is selected from C4 to Ce alkylene, unsaturated C; to Cs alkylene, direct bond,
and mixtures thereof,

Z is selected from CH,, O, C=0, N, NH, N(C; to Cs alkyl), N=N and N-CH=N,
preferably O, C=0, and N.

The nitrogen containing ring in structure 2, may comprise one or more saturated
bonds, one or more unsaturated bonds, be aromatic or mixtures thereof. The
unsaturated bond may be a double bond. Alkylene is generally referred to as
linear or branched within the present invention. Examples of the nitrogen
containing cyclic group may be without limitation imidazole, N-pyrrolidone,

caprolactam, N-morpholine, piperidine, aziridine and triazine.

Further examples of monomeric units of structure 2 are monomeric units
of structure (2a) and (2b),



unsat urated bond may be a doubl e bond. Al kylene is
generally referred to as |inear or branched within the

w@e@sasicds nvent i on. Exanpl es of the nitrogen chCI/EB2009M95975
cyclic group may be without limtation imdazole,
N-pyrrolidone, caprolactam N norpholine, piperidine,
aziridine and triazine. Further exanples of nononeric
units of structure 2 are nononmeric units of structure
(2a) and (2b),R7T RRR O NNXY XY 2 2 (2a) (2b)
where R6 to R8 are independently selected from

Rs hydg,ogen aRd &ir,to C6 al kyl, and noiety defined by X,

IV Z-are ?abv in structure 2. The nitrogen

. contélnlng cycl{ie noiety of structures 2a and 2b, my
conpri se one of, nore saturated bonds in the cyclic
sfruéture, one or nore unsaturated bonds in the cyclic
st xuct u‘l(re, b& anvaromatic ring, or mxtures thereof.
Exanmpl es of f‘hg cyclic noiety are inmdazole,
N- pyFrol i done, “caprol actam N-norphol i ne, pi peri dine,
azimhgdi ne and (pky azi ne. Further exanples of units of
structure (2) are, 2(C 2(d) 2(e) 2(f) In one
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bonds in the cyclic structure, one or more unsatiurated bonds in the cyclic
structure, be an aromatic ring, or mixtures thereof. Examples of the cyclic moiety
are imidazole, N-pyrrolidone, caprolactam, N-morpholine, piperidine, aziridine
and triazine. Further examples of units of structure (2) are,
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2(c) 2(d) 2(e) 2(f)

In one embodiment of the polymer, the polymer may comprise at least one
monomeric unit of structure (1) as above, optionally a monomeric unit of structure
(2) as above, and a third monomeric unit of structure (3),



OB OH (3)where RO is Hor G to C6 alkyl and Bis G

to C6 al kylene. B may be a branched or linear G to C
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butyl ene, and RO may be hydrogen or nethyl. One

exanpl e of a nononmer which provides the unit of

structure (3) is hydroxyethynethacryl ate. The nononer

whi ch provides the nononeric unit of structure (1) may

be copol ynerized with other vinyl nononers, such as
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In one embodiment of the polymer, the polymer is free of pendant acrylate
groups and/or amide groups. The polymer does not use monomers such as
(meth)acrylamide in the synthesis of the present inventive polymer. In one
embodiment of the composition, the composition contains 1) the polymer
comprising structure 1 and is free of any amide groups, such as monomeric units
derived from (meth)acrylamide, 2) optionally a surfactant, and 3) water.

In one embodiment of the water soluble polymer, the polymer is
polymerized from mixtures of at least one of 2-dimethylaminoethyl methacrylate,
and at least one of acryloyl morpholine, N-vinyl caprolactam, and N vinyl
pyrrolidone. In another embodiment the copolymers containing the alkylamino
group are exemplified by poly(2-dimethylaminoethyl methacrylate-co-vinyl amine),
poly(2-dimethylaminoethyi methacrylate-co-allyl amine), poly(2-
dimethylaminoethyl methacrylate-co-diallyl amine), poly(2-dimethylaminoethyl
methacrylate-co-acryloyl morpholine), poly(2-dimethylaminoethyl methacrylate-
co-N-vinyl caprolactam) and poly(2-dimethylaminoethyl methacrylate-co-
piperidinyl methacrylate).



pol ynerized from m xtures of at |east one of

2-di nmet hyl am noet hyl nethacrylate, and at | east one of
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pyrrolidone. In another enbodi nent the copol ynmers

contai ning the al kylam no group are exenplified by
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perdéifates. The polymerization can be carrled out in the presence of a solvent,
examples of which are acetonitrile, methanol, ethanol, isopropanol, 2-butanone
and water, preferably for some reactions, isopropanol is used. The reaction can
be carried out for a suitable amount of time and at a suitable temperature. The
reaction time can range from about 3 hours to about 18 hours. The reaction
temperature can range from about 40°C to about 80°C. The weight average
molecular weight of the polymer for the shrink coating material ranges from
approximately 3,000 to 100,000, preferably from Mw 5,000 to 100,000, and more
preferably from 10,000 to 50,000, but any polymer with the appropriate molecular
weight may be used.

In the copolymer of the present composition, the unit of structure (1) may
range from about 20 mole% to about 80 mole%; the unit of structure (2) when
used in the polymer may range from about 30 mole% to about 80 mole%; the unit
of structure (3) when used in the polymer may range from about 20 mole% to

about 60 mole%. The copolymer may also comprise the unit of structure (1) in



and exanpl es of persulfates are such as anmmoni um
persul fates and potassi um persul fates. The
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sol vent, exanples of which are acetonitrile, nethanol,
et hanol , isopropanol, 2-butanone and water, preferably
for sone reactions, isopropanol is used. The reaction
can be carried out for a suitable amount of tine and
at a suitable tenperature. The reaction tinme can range
from about 3 hours to about 18 hours. The reaction

the trange: framuaieout 20 malede td aboutzaomblefo @nddhabaiitof 8actuidh &) in

wei ght, _avera | e r i of e-paol yner for the
the JRhAR e SERHE fTnEEan ARYEEb rREisvn SRR GF maY aiso
cordpridilinequriD8; SRGstury eff) an e yarigeofroMlaso G0 inolebe Go @Bout 60
and nore preferably from 10,000 to 50,000, but an
molesh @Re theinl of glEUGtHrR 61N erangedtam é’POWeff% mol?ré))%@é?out 60
mol¢sgd. I n the copolymer of the present conposition, the
unit of structure (1) may range from about 20 nole%to

ab 8 9 e It pf U e el dhi
ot oI etk ” e BB o Yl 9t oyghion
compilises thérenavel t wafers solubteurpolyragr wioataioingd then diaksylamino (-

f 2 | e
NGO AR, TR R0 L P Yo about
wei%ht%(If) lal}eu( %@ t%éigrht%, {;ﬂ@fﬂa@atﬁlyw‘: @h@i{j(hé(%_amdltrﬁ%d prefdrably 2-6
[ nol e% an e .uyni of structur I.n e range
weighih abdte %nm'ﬁ%t geapiAipg sen PephySifal e_am%ﬁ%@r of the
polJR¥r 8hg thé Gmréﬁlecﬁé?ﬁcﬁl%dmﬁésitﬁrf%ggé ﬁ)oolqﬁt)ueﬂ. Mdditfes and/or

range from about 20 nole% to about e% and the
othgnisplventss thai Arer miscile with materamgy e @sidad dat thgocerppesition,

sy S0U oo, ol Bl PR TBER OB, appoicotol,
amitese Isurfattantss cheha qeid \geperatord, dree agids hphotoacid generators,
ang| iw%lté(ly éoeft%lgopo(ly_/mers other than those containing an alkylamine or amido
group. In the formulation of the shrink material, water miscible solvents can be
used in order to get a uniform coating. The water miscible organic solvents used
are exemplified by (Ci-Cg)alcohols such as methyl alcohol, ethyl alcohol,
isopropyl alcohol, diols (such as glycols) and triols (such as glycerol); ketones
such as acetone, methyl ethyl ketone, 2-heptanone, cyclohexanone; esters such
as methyl acetate and ethyl acetate; lactates such as methyl lactate and ethyl
lactate, lactones such as gamma-butyrolactone; amides such as N,N-dimethyi
acetamide; ethylene glycol monoalkyl ethers such as ethylene glycol monomethyl
ether, and ethylene glycol monoethyl ether; ethylene glycol monoalkyl ether
acetates such as ethylene glycol monomethyl ether acetate, ethylene glycol
monoethyl ether acetate; other solvents such as N-methyl pyrrolidone, propylene
glycol monomethyl ether, propylene glycol monoethyl ether, propylene glycol
monomethyl ether acetate, propylene glycol monoethyl ether acetate. Solvents

such as (Cy-Cg)alcohols, particularly, isopropanol, methyl alcohol, ethyl alcohol
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N(R4) R5) group and water, where the polyner
concentration ranges from about 1 weight%to about 20
wawioghsiss pref erably 2-10 wei ght % and nore preC¢EEAOY005975
2-6 wei ght % of the conposition, depending on the
physi cal paranmeters of the polymer and the different
chem cal conpositions of the polyner. Additives and/or
ot her solvents that are mscible with water nmay be
added to the conposition, such as crosslinking agents,
wat er sol ubl e surfactants, al cohols, am noal cohols,
maw inenaddeds Uitfeasul gttt Snay beraddedatol the gonepasiisat @p ¢ée about 30

we*g@iwé.uﬁq e 6 R o B 81l ool wbeénsgl ESI ari ne or

. In the f | at t
rmtSnd) Sfives’ Wi Feo? 393962% he. ik erialnogmgesttion
corﬁlﬁl’@@é i Polyirl Bn8QfdtePBan Bg%ké@rﬁ;ﬁlﬁlembg%rﬁin%a%ﬁéﬁ' Such as

sol vents used are exenplifi | cohol's such
mogeethappimiag.cdirianolarmipe, meztbwmlamlr@p? mmlmettbmr)ethanol
LLycol su
N e e
amihesegian asemonglsbpltwylmmne désdpropylamirne wdrmril:tt;dropylamme,

t.at nd et h | act ate hasrre I .
rolf iy diamdiey 2athibervisdfoncaioghismie. " tibropyiamine,
tribggtamBing U ridliglaath e id @dlie emife Sudtadlp iﬁe% Eerldlne 1,4-

acet am de; ethyl ene glycol nonoal kyl et hers suc

diagabigyciele-ZRipstAnesm d&m@myipw%ﬂe afep etwr@ﬁ@t@vlv@@razme
I

O SR Moo & By A6 SGEYImRBE AR pEL]BE an acive

likec@lyecluds, eetgmioes, e,faéformaldabyaiewpblymdnssretaclewtmeeembodiment

i SNBRATGH et bt R B SRR, BB RSy
meknhiae, apd orghebasa] yxr@d;slmmgrragémb QIrbSﬁllrikmg algenis are not
el SBNL5F PEISS i B L ESt 2 S SIS, ant e
phdteidyidt p@\(}ﬁﬁé}obmc@tlﬁybeﬂibﬁﬁﬂ‘ﬁhﬂﬁ& E&rﬁﬂﬁﬂweoﬁh%éﬂh\é%ﬁsent
may be added to the conposition at up to about
mventlon involves a base induced reaction of the functionality in the photoresist
polymer with the novel polymer of the present invention. Therefore, in one
embodiment the shrink material composition is free of crosslinking agents.
Surfactants, if necessary, may be added to the shrink composition to enable
better film forming properties. Examples of surfactants are cationic compounds,
anionic compounds and nonionic polymers. Examples of surfactants are
Surfynols® sold by Air Products Corp., which are acetylene alcohols. Others can
be acetylene glycols, polyethoxylated acetylene alcohols and polyethoxylated
acetylene glycols. Other water soluble polymers may be added to the
composition, such as polyvinyl alcohol, partially acetal capped polyvinyl alcohol,
polyallylamine, polyacrylic acid, polymethacrylic acid, poly(vinylpyrrolidone-co-
vinyl alcohol), poly(vinylpyrrolidone-co-vinyl melamine), etc. These polymers may
be added at up to 30 weighi% of the solids. Free acids such as p-

toluenesulphonic acid, perfluorobutanesulphonic acid, perfluorooctanesulphonic
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wei ght% or up to 20 wei ght % of the total conposition.
Sonme additives which are added to the shrink materi al

W@ o09p0sicys on conpri sing the pol yner and wat er BEHIB2009/005975
exenplified by am noal cohols, such as
nonoet hanol am ne, di et hanol am ne, triethanol am ne,
2- (2-am noet hoxy) et hanol , N, N-di net hyl et hanol am ne,
N, N- di et hanol am ne, N nethyl di et hanol am ne; am nes
such as nonoi sopropyl am ne, dii sopropyl am ne and
triisopropyl am ne, polyal kyl enepol yam nes,

aci@- et)hgamphytsaiphomic dicit tayldadodecylberizenepylbhoniceacid may be

ri.b lam ne.. triallylamne; and cyclic amines such
acded b BB oGt 21 i i ne, 1. 4

d|a ablc cl o] 2. oct ane met hyl pi per azi ne and
| K EORD Bl B S0asratat, s Whoten Seagitorssthat are
wat%msdﬁfbl’é\ﬁma{l Q565 lddak@raloRy dieasiShRmtuEs ab t%@dhé\kél Seorhpdittion.
| ycolurils, melam nes, urealformal dehyde pol yners,

Suifakie examples @rﬁ%@Qﬁ@ﬁ&atmﬂmoammﬁlgemmndﬁoﬂclu@@,swﬁhout
Ilmlfbﬁ nc%Hlé‘lgﬂgg)(?%f S‘%ﬂ%ﬁrEQP"A Pcl‘?%%re ?++|%Wr%d%?‘i%nlum

urea ing a
Salfag@utfenlarre salhs. Tﬁbedbelama}d acid gehmramao(fr AG) bsddvirerthe Ipresent

. f d th hot t. .pol ynme

inv@Rlo ey Yo S DebR Tt tRE S BRESA eatar FHAE daye the

acig rcmamel usbmnf)res@nt rmvmbwaseraud@.apamonww sfr@ﬁ@bbﬁﬂsdb‘h as a
the functionality in the photoresist polymer with t

sultegire RCiflo IRy Rtarally: the tharesémeid wpaatatonis rtvatedral, 9Q°|$ and
Rl B AE) foy RE i B B4y ERUR BB b€ The

phdiereaiit ditmtio hbht%osmrlaﬁkufﬂaﬁnDMnlbtrDBf ? meetblft’@bet Wwith e coating.
filmfaorm roperties es of surfactants are

The fieeorgid: BE&&?%&W@Q%%@M@@SE%M@ gichgRneszter, may be

mc@@byéf@élfin afsAge R aso@ttrs f aetaaahm@w\ﬁe.gwr%w%faﬁ 5dlids of the

d by Air Products g whi ch are acetylene
corgp%m Preferaly frasaA.3 to 5 weight % by solids, and more preferably 0.5

to 2.5 weight % by solids.

In one embodiment of the novel composition, the composition and/or the
polymer is free of amides. In another embodiment of the invention the
composition is free of amides and additives, that is, the composition contains the
present inventive polymer and an aqueous solvent composition. The polymer
comprising structure (1) is crosslinkable and does not require an additional
crosslinking agent.

In another embodiment of the novel composition, the polymer in the
composition is free of the carboxylic acid group. The composition may also be
free of carboxylic acids, amido groups and additives, that is, the composition
contains the polymer and a solvent composition comprising water. The polymer
comprising structure (1) is crosslinkable and does not require a crosslinking
agent.
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be acetyl ene glycols, polyethoxylated acetyl ene

al cohol s and pol yet hoxyl at ed acetyl ene gl ycols. O her
woeriensyed ubl e pol ynmers nmay be added to the  PCT/IB2009/005975

conposi tion, such as polyvinyl alcohol, partially

acetal capped pol yvinyl al cohol, polyallylam ne,

pol yacrylic acid, polynethacrylic acid,

pol y(vi nyl pyrrolidone-covinyl alcohol),

pol y(vi nyl pyrrolidone-co-vinyl nmelanm ne), etc. These

pol ymers may be added at up to 30 wei ght % of the

sol Ardimagee gatierrt of ?,Jhmtbh resispisoforaeeis oh Eheubsirt6 i gtcording to
fl t anes onj ¢ acid, :
profgises e Ehbodnde EFS%ﬁ @%@ ﬂfaﬂﬂe_( frtc Bhpiseidisiahbe apyiof the
typ@ i@ dACiebssraRBAUERP MUUBHC ThefdYarl avddipdst& piftoresist
conposi tion. Any known thermal acid generators and .
compRstitinns, degatiueaarkiag: ard pesiiveaverkinge| YBhen mggative-working
' : 0%t J
P P Do S SHbE7 JRap e 3 TRoPRER Ber 1B of e
phatonepistindsmipnsition e expdgdtb o  theri taalidation, Hecome phsdloblei do a

e 3L ot g et SR8 e Bnafisesieh Eping remain
reltiVély) sslaieié ionstidreanschsitdit.  TAME NErbQIndRYoflah aRpoddtRhegative-
eating generates an acid which can cleave the

h
WOfifEﬂoggP'a?t@ | Witth gridevisi@ras aupses remoyvalelniiiegion-exposed areas
of ﬂ@rﬁﬂd?tb'rle%\’étyco%gﬁ%; rhé?ﬂﬂtlﬁcb@agb‘ﬁ Rheas n@gﬁl’&ef f?ﬂé@e A% ik cgating,

Preferably, t ermal acid generat®dr 1s activated
theghy bneovasing pr désiretbippriion abdhe uREOyingndulsteate nsuréace on

whiBh SRR oYe ARG Yoa SEBRERRL 0T 2 T react i ch

th i ng,. The . free acid hot oaci ener at or _angd/ or

t e b fer, Bafia WfigraSostveRnOhaRS inolTRSHE £aeARte%S are
exposedeinfagerwiseotd r@didtioe, tesut arkdsvel ¢ pHotitesiet @bmposition

solids of the conposition, preferably from0.3 tqg 5 i
expRsegHe "g/‘i?bﬂﬂdé%ﬂ“d ecoffg myeesSqHliectoathieydevelopey solgtion while

tho¥&iHBhs HaPYexpBkédSemain relatively insoluble to the developer solution.
Thus, treatment of an exposed positive-working photoresist with the developer
causes removal of the exposed areas of the coating and the creation of a positive

image in the photoresist coating. Again, a desired portion of the underlying
surface is uncovered.

Photoresist resolution is defined as the smallest feature which the
photoresist composition can transfer from the photomask to the substrate with a
high degree of image edge acuity after exposure and development. In addition, it
is almost always desirable that the developed photoresist wall profiles be near
vertical relative to the substrate. Such demarcations between developed and
undeveloped areas of the photoresist coating translate into accurate pattern
transfer of the mask image onto the substrate. This becomes even more critical
as the push toward miniaturization reduces the critical dimensions on the
devices.
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In one enbodi nent of the novel conposition, the

conposition and/or the polynmer is free of amdes. In
wa@ewbhsdssenbodi ment of the invention the conpoRCT/IRMOYE®SITS

free of am des and additives, that is, the conposition

contains the present inventive polynmer and an aqueous

sol vent conposition. The pol ynmer conprising structure

(1) is crosslinkable and does not require an

addi ti onal crosslinking agent. In another enbodi nent

of the novel conposition, the polyner in the

cor@esémllym ai sphbtcrresnef dameprisesb ax ylolyenerc iathdg rao yihotodedsitive

e, free of carboxyl ci gds.
corEE. o SRAIuPES 1 SEaPRIPLESS: havstpins. | it olitation.  are
novol/@iPenagHh G oS, anﬁol?h)?d}b)(@iyreﬁ@m?ﬁﬁmt | O8alts, capped

ri sing water The pol ymer conpri si ng structure( 1)

0

po'Y@@P@&Y’PHRé’&F@n ancﬁadffées Fyelopliiatice aPQyBesI/PMMMg salts,
t

cycRSBhatyat e Boiiariohiih sBlNe HMiqtopL e BRfnf Sats, etc

Thege pheigrasists ase avell-krhwon d)mrelssesais weaaalengtrenganging frem 436nm

to ié’rﬂﬁtsyﬁ@g %lé*en 0{1@68’(%2% §tt %gégﬁtﬂgu tf{) mln-lg-;hael% ‘lemggg may be
usetbga}enerawwrxklpm@tcﬂrﬁdlsp@chated mrﬁlsnastrﬂib?mnd the photoreS|st
at | rkin ot oresi st conposi tions are expose
CO%Qlﬁlgd% baked fprdi ﬁ‘t‘*i’%ﬁ"“%"ﬂ(@”a‘?fgg% cgAting solyRBt: oHea P@@tmg is
i
RO O KSR B8] CPRIRCOT LR S
suitapée denalepelsi st coating remain rel ati veI y soluble to

such a solution. Thus, treatnent of an exposed
negatifaplewodiyies) @lﬂhﬂtl@’l%llgcluﬂet th&lQﬂévbMp’emn cailices, silicon

s Yool I, AOPAP S5 S0 o rlE RS U, comve,
alurrmmmngolytriwcebsmsnmw@f dioyide, tasthlse doped ilieon efioXide silicon
nltrld1 dery IPclrorqg cséul*)lcszit ' atta%tsﬁgrrnf a(;:)olysﬁicon, ceramics, aluminum/copper
mixtures, glass, coated glass; gallium arsenide and other such Group IV
compounds. The substrate may comprise any number of layers made from the
materials described above. Generally one or more layers of an antireflective
coating are coated over the device substrate and the photoresist is coated over
the antireflective coating(s).

The photoresist layer is formed by coating the photoresist composition
over the substrate. Photoresists sensitive to deep ultraviolet radiation, typically
248 nm, 193 nm, and 157 nm are preferred. The photoresist is imaged through a
mask and optionally baked. The photoresist is then developed, typically with an
aqueous alkaline developer such as tetramethyl ammonium hydroxide solution.
The imaging process of a photoresist is known in the ari.

Once a photoresist pattern is defined on the substrate, the novel shrink
material of the present invention is coated over the substrate with the photoresist

pattern and reacted with the surface of the photoresist to form an interface layer
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whi ch the photoresist conposition was deposited. On
t he ot her hand, when positive-working photoresi st
W@ 0vposicts ons are exposed i nage- W se to radi ap€DIB2009/005975
those areas of the photoresist conposition exposed to
the radi ati on beconme nore soluble to the devel oper
sol ution while those areas not exposed renain
relatively insoluble to the devel oper sol ution. Thus,
treatnment of an exposed positive-working photoresist
with the devel oper causes renpval of the exposed areas
which ishimsohle riy thedadepusr esthoving odolatigrosAt finging rsql;ﬁldm can

reniale BRCRIFIG g tecel Pt dshddHeftteRdd Tophahenalerags 18ver. The
interReellaydras fornateby ABstimtHeshrimkBhbRSibl ESabY rpﬁoﬂﬂeﬁﬁt pattern

t he phot oresi st conposition can transfer fromthe

at %ﬁwi%%é%mperaﬁwe feuBgYitable tinenThe mtgﬁa@e@yeé wilt incrrage the
W|d?r§j9§f 3Ry bﬁol%fresffﬁt %ﬂgquhﬁgdﬁl P ”‘He"tw r'i‘ Hwo  adjacent

addi tion, s al al ways etha
phatesgesish MUpfmwdirlmcome smallerrﬂfta‘ntheéormtmacrf the lrttexfate layer,

t the substrate. mar cat i,ons bet we
and 3 bfghan o Hicdetan obassild NN STAIEY dPREreR Than the
phatordsist @ldricaFgurtel illnsteatas e pioteBslof ekingttharatiak cemposition.
the mask image onto the substrate. This becones even

oI ehe Iridviel @hrialk rhARripl o th@vwééem M\ﬁ&fnﬂbh Zigt tdHted over the
reduces the critical dinensions

palifr0pd giatenesish  and r%aqi%twe§hetpf@éw&ﬁ|5§e¥ha thigkpass of the
rea@ﬂﬂi ghihetiae Qéétl Wﬂoﬁ(é%hﬁ%q{m%oéﬁ&ﬁ%@d nm,

systens, wt out are )
prefﬁrablyaw i ﬁla@hmheqdu morgeprefryablyy th oy ta 60 emme/ Bine peaction

lLts S
oo 3 St ST BB B SR 0 O RP b opn dopgrerce
Iaya[:tmmﬂlg cpnduysreluah@nheIMeaﬂhg S,te;arfthe shrinkage of the photoresist
'?1 on| um ezﬂ et
openlng or can e calculated as 'a percentage reduction of the photoresist
opening, that is, shrinkage% =(original photoresist opening dimension-dimension
of the opening with the reacted interface layer)x100/ original photoresist opening
dimension. Opening is the space between two adjacent photoresist walls. The
opening can be trench or a hole in the photoresist pattern. The shrinkage% can
range from about 10% to about 60% or about 10% to about 45% or about 10% to
about 35%. The substrate may be heated between 80°C and 200°C, preferably
90°C and 190°C, and more preferably between 100°C and 180°C for 30 seconds

to 180 seconds on a hotplate to react the shrink layer and form the interface layer
over the photoresist.

The residual portion of the shrink material that is not reacted with the
photoresist to form the interface layer is removed using a removal solution. The
removal solution may be water or comprises an aqueous solution of a surfactant,
which may further comprise an alkali and/or a water-miscible solvent. Examples
of an alkali are tetramethyl ammonium hydroxide, tetraethyl ammonium

hydroxide, choline or mixtures thereof. ~Water-miscible solvents as also
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These photoresists are well-known for use at

wavel engths ranging from436nmto 13nm Any type of
WEbwvoswmds st that is capable of form ng an i NnERET/MRYPOINDSITS

used. Cenerally, a photoresist is coated on a

substrate, and the photoresist coating is baked to

renmove substantially all of the coating solvent. The

coating is then exposed with the appropriate

wavel ength of |ight, and devel oped with a suitable

devel oper. Suitable device substrates include, wthout

described areviousiy iaké,donexampliec wves wiphatid alcobelt etichiastethanol or
netal surf

soPRanels MU BERGHERa el stok 4 eBRERE ey, PRdRIe alycol,

glyé@r@?d)rsthbir(?ﬁﬁn&h@tﬁyﬂ@the’i’é| iInCodrtiBllaF pASpyléié hReBl monomethyl
carb tantal um “pol ysilicon, ceramcs,

ethgy (R]GMEH Wairsrsakible mosipnigsudactapisandiagicaisssuriagtants yere
fould 36 {E)rr%ﬁ oatlf‘ﬂ?ﬁrégﬁ@ rEE P n%kéﬁlg feg YRR aJﬁ?crt%rrlrt]s are

subs e any nu l'ayers made
ethyleae nexide/padpyl eies omiidee gpohyroens, iGmieatdd joyoakybrflumodkyl, or

S ant i tive coating .arg, coat r
aropfpiliofios KRl BelRlr i B yPBPLRnpREBE: &formance,
and¥gamphe eMduchr idRednty are,aallisnd (Ingeridirip bﬂ@ﬂbiﬁsadds such

| ayer is formed by coating the photoresist conposit|

as émratqssn Steypias, Arehemnpeipes salis of aleyl (gryarafly! &éﬂH@mc acids,
sudﬁ' éé P&Urﬂ&ﬁﬁoﬁn@%‘cﬁi lop @anﬁd&%%@b&ﬁiu’%@séﬂg ofls%foﬂf@ ad@8%@mides,

nm ar e pre erred hotoresist 1Is |rrage
or ﬂ‘lﬁ dagtialky ﬁamnmielteb'pﬂuwmategi deredvesd iheoalbewssickasses of
coroltel AROABEL etatfeidl hmbrhlin b RRiER dhAbfiah, oF other

vel oper suc drox

alkgloanimariumTioasi mgu@upcamtes iaris. a Thleoticiuak cempDS|t|on of the
n the art hot or.esi s

rengcg\f%\i\gghmeﬂ i nggr&qﬁq Cgtfgclp $,8UGHH a8t hg m%i"HE materlal the desired

lithographic performance, compatibility of materials, production specifications, etc.

The removal solution is applied on the surface of the substrate in a
manner known in the art. Puddie development, immersion development, spray
development or any mixtures of these techniques may be used to remove
chemical compositions from the subsirate. The time and temperature of the
removal process is varied to give the best lithographic properties. Desirable
lithographic properties being, for example, (a) cleanliness of the substrate after
removal of the unreacted shrink material, that is, the substrate is free from

insoluble deposits, stringers, bridges, etc, (b) vertical wall angles, and (c) smooth
surfaces.

At current resolution targets it is desirable to obtain a space reduction of
photoresist features obtained with the interface layer over the photoresist of
between of from about 10 nm to about 60 nm, preferably about 20 nm to about
50 nm. The exact space width reduction requirement is highly dependent on the
type of microelectronic devices being manufactured.
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material of the present invention is coated over the

substrate with the photoresist pattern and reacted
wawaok/153ed8 sur f ace of the photoresist to form aPCT/IB2009/005975

interface | ayerwhich is insoluble in the aqueous

renmovi ng solution. A rinsing solution can renove the

shrink material that has not reacted to formthe

interface layer. The interface layer is fornmed by

heati ng the shrink material coated photoresist pattern

at a suitable tenperature for a suitable tinme. The

I nt@néadike | dystredwhatrownspaRs & fhenod Gishdefindd®y the process
hot qr esi st aétern. Thus_t he space between two

desgbed ahevBnileredee nayean HBer roressen duresiitptlc Metals may

be Akp6sitddip therdprick Othetdudshtd g{ag’ t@é‘%ﬁ:h'e@}’lﬁjlfe ?lﬁ{gréshét $nay be

narrower space can be used t efine snalle eat ures
plaparged; BEC-phot or esi st al one. Figure 1 illustrates the

process of using the shrink conposition. The novel

shriprssmtoéheraiseof indleatgsh, e sdntnumiverst i expreéssingageantities  of

. h . 0 ' ng.r with.the

o b 6y R 166 PACHRUESIS AL SRR IO ana 5o

forﬁhmdwdﬁadlee Isfapeifict:)elmtiim %Mgleirﬁs; ?moabbelmgerstmd as @fbmgt nglodified

. n ef er ; m.t o nm and npre,_prefera

in algnalRbes BY (e fornh atouhe ERgh ohaiBRa TP ARISIRISTIRR 0 abovs are

incoatated HEERY bitlreAchdeip i) ehiedp ! fof _ailoerﬁééest. héhe following
interface layer typically occurs during the heating

spegifigyexarpaleshvill iNayee sletailpsl Whstraliansi et thepmethagisoef protecing
. 3 t. dugt, i

and 55 T SAA 8 i ST AHERIGE S 0p Bk ar o

intgyisledo hewieser, dpdimihgr déstrictsthe rscdparithe invdntivhen gpgnivang and

' ted interfs I ) x100/ i.gi nal .
sl 5 EERGHSA ' N bRYGEEA ST ShoSL yabes whin
mustbavetiizedexchelivalg ir ofleetopestiss theplesent ifPehisi ng

can be trench or a hole in the photoresist pattern.

The shri nkage% can range from about 10%to about 60%
Exanpigout 10% to about 45% or about 10% to about 35%
The Substrate may be heated between 800C and 2000C,

pr efiss Afdidcular weight of the polymers was measured on a Gel Permeation
Chromatograph.

The defects were measured using a defect inspection tool, KLA2360 (pixel
size 0.25um, manufactured by KLA Tencor Co., San Jose, California, in the

exposed and unexposed areas after development.

Example 1: = Synthesis of Poly(N,N-dimethylaminoethylacrylate-co-N-
vinylpyrrolidone)

E)\/]HE\/}
O SO <j

N
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9Q0C and 1900C, and nore preferably between 1000C and
1800C for 30 seconds to 180 seconds on a hotplate to
wo e@etsioe shrink | ayer and formthe interfacePCEHIB2009/005975
over the photoresist. The residual portion of the
shrink material that is not reacted with the
photoresist to formthe interface |ayer is renoved
using a renoval solution. The renoval solution may be
wat er or conprises an aqueous solution of a
surfactant, which may further conprise an al kali

A naimtlireof ] Nallmethylanlrblemy"aﬂrylatﬁ (DIHAEW)I P5. 70fg an 'B@S<ﬁidl) N-

R SRS Ty Oh0x, e (SRt i, aco-

bls‘ééb&[yréﬁlﬁﬂé(hhm%ﬁhd’ o7i5D Gof éb@t@ﬁﬁﬁl@%&@céd@e%\’tb‘w%oml round
for exanple, |lower aliphatic alcohols such

boftﬁfﬂ sk 8AUIPESE r Wiaister rendenserc and naitroger Jnlst. sTa@ dhitiator
conﬁ:%n%ﬂé!ﬁ% QEV\H@) ’rﬁﬁ’il%’%etﬂg tgta‘l' ‘?/\‘%} hi9oY fﬂonoﬂ{ers. Other
hel r nononet hyl ‘ethers, Tn particu ar propyl ene
solgqarytecﬂuchmﬂ)mpmpyladmbiml ((FBYVEybutahbee 510l miethenoboaorElso be
i ¢ surfactants were

sl AT o gt Pl RS, skt softion for 30

mimaes an reorh Ut inpetat0ies with &stigfimy, | At A5 rieddsro pMigeNehe reaction
e po term nated by al kyl, fluoroal kyl, or

S,
SO'avWSch%ateﬁ $Q 658G &) REPyMPHERion teagfin \w/@amed out for 6
ho&'slpﬁftépfhé ESrEtian B ﬁog ri%fa CGiRe gg)!w:g sl w8§ cooled to

such surfactants are ts o Ion ano
30%ciang, ccmentrat@dl using tretary evaporatars Thercdmpn’aateait sazlutlon was

a o) [
pref et in Syl 20k SOGER Suff 8 diRBARART cthey and
terlbut)ﬂmatl'ryl athied naay diss, beonseich q rr]]pairgoaml of p]ftﬁ,cnph@migeécﬂi/eyht used
fl rlnat dd rjvatijyv t aovec sses of
wag AREGh e htia SRy ieagiioron Tl ek  GonalyRger was
vacﬁmmrdriéml a’DElOQE heid m&yleI@'W%'VG% | RS B PSIyH?ef?f @Holymer 3 in
counter ions. The actual ngosntl on of thé renova

Tallg| Urwasmcharagigpiend vt NMIR, 1GRe orad §thowraghic enalysiss Thr weight
avérabe haleculdtSvélghi 6fthe polymer was 24,832 (Mw) and polydispersity
was 4.0.

The above procedure was repeated with the mole % of the monomers being
varied, N-vinylpyrrolidone (20-80%), N,N-dimethylaminoethylacrylate (20-80%),
as shown in Table 1 for the different polymers (Polymer 1-6) as summarized in
Table 1. The molecular weight (Mw) of the polymers were in the range of 15,000
-27,000 and its polydispersity was in the range of 2.0-5.0.

3G NMR (CD3OD) data for Polymer 3: & 177.5ppm( >C=0, NVP) ; &
175.8ppm( >C=0, DMAEA);  562.9ppm (O-CHo, DMAEA); 558.3ppm (>N-CHa,
DMAEA); & 45.9ppm (-N-CHs, DMAEA); & 45.6ppm (-N-CH,, NVP); & 42.0-
34.0ppm (main chain -CH, CH: of NVP & DMAEA, overlapped);d 32.2ppm (O=C-
CHz,NVP); 6 19.0ppm (-N-CH2-CHy-, NVP)
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l'i thographic performance, conpatibility of materials,
production specifications, etc. The renoval solution

wo 200apfdeeed on the surface of the substrate i NPEI/MBOKI0597S
known in the art. Puddl e devel opnment, inmmersion
devel opnent, spray devel opnment or any m xtures of
t hese techni ques nay be used to renove chem cal
conpositions fromthe substrate. The tinme and
tenperature of the renoval process is varied to give
the best |ithographic properties. Desirable

LitHogrénattic apdm'vaduqﬂromnpeoti q:mly(é)'l\ngAfcnr-NVPanpd)le Ad) photoresist,

bst r at f
N R T A %@twén isqrgn pitch.
d
A (hitor; TR oS o GRB8S Sy LA cRr AR ARS1csD
(manifacilied By AZe EMNUBAT 08fpS 7ot MbBtelesid. 28b@ehfll® kNJD)Ivmasaspm
space reduction of photoresist features obtained wit

coateed onm stlicar subsijate Emﬁbbakms ahROOY & 6@ seeonsist 'Weléf@p@fe an
b

SRR Loy 14 1 07 U, WSSO o, Roosor

phaterpsist eolution & ihﬁ):g hhy pﬁe‘;measiehtnauufetdlmetimAZfEM USA Corp,

70, Bl Rt Rk REE Wi, i cRatest b Hsytonh antrrefictive
codled (B 6 RACE silicdre duldirute, ThE phderesiet frﬁw v hakddhar 110°C for
60§ ocefsed as required. Metals_may be deposited in the

s toraiva agkicknass %@éﬂeﬁmwe P'h@oliﬂﬁ!ﬁfélﬂf@éﬁ’%& exposed
on &Fdeﬁmpé@awek e fdd - aggﬁh?e?‘%f Qtﬁieélwll ﬁgl‘r\%%ﬂbé? 3k 8%Y) using a

number s expressing quantities o | ént’s,
6%paitgruiated phage tshift maslkeé\ﬁﬂearexmsw the eadeil was post-exposure

el 400 1P S0t B8bied 1 AL ARG i oper
(marlufaetnnsﬂjs nyyAZ FEM tLéS A Catpo o, M&a’@h Aje.! BenipdlkeNy for 60
secro(?wdgr esPlortrno aacon\{actahgle (C/H) pattern having a diameter of 90nm with
180nm pitch (pitch is the distance between the start of the one hole and the start
of the second hole). The photoresist patierns were then observed on a scanning

electron microscope and the contact hole diameter measured.

A mixture of 2.0 g of poly (N-N,dimethylaminoethylacrylaie-co-N-vinylpyrrolidone,
Polymer 4 from Table 1) and 0.2878 g of surfactanti S-485 (a Surfynol®
surfactant manufactured by Air Products & Chemicals, Inc. Allentown, PA) was
dissolved in 48.7194 g of deionized (DI) water to prepare a shrink material
composition. The solution was filtered using 0.2 um filter. The total solid content
in the formulation was 4%.

The above described shrink material composition or (RELACS material,
Resolution Enhancement Lithography Assisted by Chemical Shrink material) was
applied onto the previously photoresist patterned substrate and the thickness of
the RELACS or shrink film was 100nm. The substrate was subjected to heat
treatment (i.e. mixing bake) at 150°C for 60 seconds on a hotplate. Subsequently,
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i ncorporated herein by reference in its entirety, for
all purposes. The follow ng specific exanples w ||
w@ewvilshs4glet ai | ed il lustrations of the met hodsP@f/1B2009/005975
produci ng and utilizing conpositions of the present
i nvention. These exanples are not intended, however,
tolimt or restrict the scope of the invention in any
way and shoul d not be construed as providing
condi tions, paraneters or val ues which nust be
utilized exclusively in order to practice the present
the iunveatted shrifk arabdrés m?émeerrmvedujmg Deivgldr middlder 60 seconds

oG R O S ek 5o s giterot micig

bakéett rat[lﬁéé?\'?éryﬁl% kaﬁHQO'”@;A%@@@ f()PBG %bcéhdsemcbraém@ promote
manuf act ur ed LA Tencor ., Jose, California,

a Cf%ﬂlﬂ@nexﬁ?@%@ﬂ aﬁﬁdhanet;egsf@@@ob%tweegﬁ tﬁlﬁt @laotarcﬁﬂﬁtcﬁnﬁmeLACS
Iay%é‘lﬁgi?éNlﬁ an a@éﬁﬂ&@escihée e Rol|ymer ylf self croswkablie Shrmﬁ(a%eols a

N- di et hyl am noet acryl ate-co-
measyra afiotitigakdinfension- @Df)edlffgrenmerrojdhh)doatacy Ihateedl(aBMtEN)C/H)

0.1795 I ' I'd NVP 9. 95
or %ﬁﬁlzot:}%‘gr%é?r} f' é[: 5&18 E%LI%\‘? y{é..o %r}gcés 'Me flucker the
shrinkabée slrsstmukwma’ﬂdcbl lagér tNeBbl)eaQé\dtthﬁ@ﬂ@g@f of the photoresist
acetonitrile were added to a 500mM round bottom fl ask

fealuier ARA A REIRr vRitrikage Hacmors destiahle: iyikagn  wes mersured
usirg UD BEM (W BRIcBA M@%s%@%%ﬂeehﬁ?ﬁé@r BPtﬂehﬁole in the

total wei he nononers er solvents such
Phqt@r@ﬁisyﬁﬁﬁ%fé%mﬁe(m m®s, regiusad dnobp tandk.-demhtiool its amtlal hole
dlal’%le?é)r geth @q?théb%lsgfﬁlht%grﬁ a@g&&%& Jnﬁ}aé I}Jh&reo%e% #%ﬁg%ﬁ the

shrmkager aﬂnnneZEmmh wgtenr bakeg tembpératurehie vartedoffem PROWE -160°C.
Th E rea i on SO utloF was , heated to 65
DR

?f‘%ﬂp A FIINN RROVE IS 63 ”SQtOLFg?r BolyB1srg 1-6 and

theAibRIilst &R ORPh&IZEN iPfTaNE YIBIhGEBASIAG, tHe enikRGY i@ hperature
solution was cooled to
increased the shrinkage of the hole.

Table 1: Polymerization Data and lithographic evaluation of copolymers
(DMAEA/NVP) on AZ®AX2050P (90nm 1:1 Contact Hole photoresist)

Polymer pmaeal nve Foml;l:;i:n Shrinkage (nm)

(mol%) | (mol%) | Polymer (g) @) H20 (g)| 120°C | 130°C | 140°C | 150°C | 160°C
1 80 20 2.0 028 | 48.72 8.5 13.4 | 153 | 21.0 34.6
2 70 30 2.0 028 | 48.72 8.5 126 | 143 | 206 48.6
3 50 50 2.0 028 | 4872 | 11.9 136 | 200 | 24.4 NM
4 40 60 2.0 028 | 4872 | 126 12.8 | 20.0 | 23.7 NM
5 30 70 2.0 028 | 48.72 14.0 17.1 194 | 23.4 47.4
6 20 80 2.0 028 | 48.72 | 147 18.0 | 19.8 | 22.3 39.8

* 8485 : Surfactant 5 wt % in DI Water (manufactured by AIR products & Chemicals, Inc.);
NM : Not Measured.

Example 2: Synthesis of  Poly(N,N-dimethylaminoethylacrylate-co-
acryloylmorpholine)
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300C and concentrated using rotary evaporator. The
concentrated solution was precipitated in diethyl
werdense@® her sol vents such as diisopropyl etheeT/B2d09/005975
tertbutyl methyl ether may al so be used. The anpunt of
preci pitating solvent used was 7 tines that of the
initial volunme of reaction. The final copolynmer was
vacuum dried at 400C and the yield was 70% The
copolynmer (Polymer 3 in Table 1) was characterized by
NMR, GPC, and |ithographic analysis. The wei ght

N;;%; -ecul ar wei ght of the polyner was 24, 832
%i:e d | ydi spersity was 4.0. The above procedure
sre ed wwth the nole % of the nononers being

|edN N-vi nyl pyrrol i done (20-80%,
|ne hyl am noet hyl acryl ate (20-80%, as shown in
T bI or the different polyners (Polyner 1-6) as
nnarF&ed in Table 1. The nol ecul ar wei ght (Mw) of
the polyners were in the range of 15,000 -27,000 and

its polyd|s§)\gr3|ty was in the range of 2.0-5.0. 13C
A NRiRtyrenpzaiD) Nabltdimetylaoinpetylaryldiel 7 136,68 9>COE14dvPynol),

g P A SRS (165 . g

bisigdb@promit(ileN(AIEN) &MP) 16215 49 .0D- acMorﬂpMnWasrei adddthiton a 500mi

roquH Mﬂn flasﬁy&{p%%aﬁ_éxl&;%gg e OE‘i fcﬁ%&gmﬂggeated to

70°€Y aTH@pd)lgmeﬁ&aﬂéﬂ YéAMMORAwES cMMAd ent Pél’F? Wﬁ@tpﬁ@%bﬁ&entrated
AZ(r) AX2050P: M xi ng bake tenperature variation

Polgpanseyiipy e PIB@HH@tBIdt‘G qlisgprepyleBiarahbe amsaunk et pxﬁ@lpltatmg

sol\?ér?rﬁatndu?gc\?% gj’ﬂlraés x%t’%)ﬁgﬂab%%é of\rrg%&@DTpg flnRI copolymer'

(POBtmm Q)i whe vanuylrmdlsect ak 40&6 aim:dtlmylaldswlas 5.5 Ties t:oaolgmer
waé Bﬁaﬁa%‘?%atbfﬂ%? (filgb d ?l%co%r}g;%hlg %ml[az\'iyspsa.1 TheW weight average

molecular weight of the polymer was 19,340 (Mw) and polydispersity was 4.0.

The synthesis was repeated by varying the mole % of the monomers,
dimethylaminoethylacrylate (20-60%), acryloylmorpholine (40-80%), for the
different polymers is summarized in Table 3 (Polymers 7-11). The molecular
weight (Mw) of the polymers was in the range of 15,000-33,000 and the
polydispersity was in the range of 2.0-5.0.

'®*C NMR (CDsOD) for Polymer 9: & 174.2ppm( >C=0, AMOR) ; o
176.3ppm( >C=0, DMAEA); 661.9ppm (O-CH,, DMAEA); 558.4ppm (O-CHax-
CHy-, DMAEA); & 45.9ppm (-N-CHs;, DMAEA); & 48.1ppm (-N-CH>-CH,-O,
AMOR); 6 40.0-34.0ppm (main chain -CH, CH, of AMOR & DMAEA,
overlapped);d 43.5ppm ((-N-CH,-CH»-O, AMOR)

The lithographic evaluation was carried out for Polymers 7-11 as shown in
Example 1, and the details are summarized in Table 2. Increasing the mixing
temperature increased the shrinkage of the hole.
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anti reflective coating layer of 0.037mmin thickness.
Then AZ(r) AX2050P photoresist solution (a 193 nm
w@bwvoswes st manuf act ured by AZ EM USA Corp, 7BCT/IB2009/005975
Mei ster Ave., Sonerville, NJ) was spin-coated on the
bottom anti-reflective coated (B.A R C) silicon
substrate. The photoresist filmwas baked at 1100C for
60 seconds to give a thickness of 0.1 5mm Then the
photoresi st filmwas exposed on a 193 nm scanner
(numerical aperture of 0.78 and coherence of 0.9)
uJiabte 21 Bedyaidrizatioh Ehiphad dxtf&iurébhnm&luatk}bn of copcil\érggrs
exposur h el Wa osure baked
For o0 BauhRAXCEY AT AR BLEIENG P45 reyi

LAY ] ue

Devel oper (nenufactured by AZ EM USA Corp, 70, Meister

Ave. , NJ) Fori@ltion) Sefconds, t Ghinkdginm)

C RLtnar ) epat tlesns having a di angter jof 90nm

hith 18 (PlebCH T15 ftee @ tpar)ewe-cyatomese-al re-c| 170°c
Bt okt hol e nr& the sthrt af tHe sdcond

hol-6)— 98 ghotOorlas P8t 10888 AXRL LidhS It Abd 138getdad B 226
5 BT c!é@trona&ichQ%cAﬁnh 429 Re'%:gniB2g1 1814 285 | 496
- g ). 4 1 20 . :1.0.28 1 48. 013\5 1,21! . |1 19.5 | 25.1 | 45.8
S A e i P AN 2‘9.2“8..‘:1572 12,4, 128 117l 206:] eaal as0
SR L 2 DAD L YR bbd'ﬁii%:;oér 11. 4%'Lﬁglﬁ%€‘zeg
POt VALLS 41T TONTr TabTe ) dal U Z070~ 4 of—stt ctran

SsA8D duactHi bYWl ik P) watdr (n?aﬁ faa&remuﬁqap%d%@@ ks, 1nc.);

Products & Chem cals, Inc. Al entown,

dlssolved in 48.7194 g of deionized (EX) mater to
prepare a shrink material conposition. The sol ution
was filtered using 0.2 mmfilter. The total solid
content in the fornulation was 4% The above descri bed
shrink material conposition or (RELACS materi al,

Resol uti on Enhancenent Lithography Assisted by

Chemi cal Shrink nmaterial) was applied onto the

previ ously photoresist patterned substrate and the

t hi ckness of

22



the RELACS or shrink filmwas 100nm The substrate was

subjected to heat treatnent (i.e. m xing bake) at
waze9TsIoes 60 seconds on a hotpl ate. SubsequenedT/IB20€9/005975

unreacted shrink material was renoved using D water

puddl e for 60 seconds and rinsed for 30 seconds.

Different experinments were run using different m xing

bake tenperatures varying from 120C- 160C for 60

seconds in order to pronote a crosslinking reaction at

the interface between the photoresist and RELACS | ayer

Exavmplleout 3an addi Bymihesis nceft he PpRI(AdHRIoyInforpRbine-co- N,N-
di @Sl i nkabl e. Shri nk@g, is a neasure of critical
"Tlﬂ ATINASUNERSVIGie-FoM Rpelacid)cont act hol e di anet er

(C/H) or trench before and after the RELACS (shri nk)
ss g; jcker the shrinkage or shrink interface
J: ater the shrinkage of the photoresi st

‘atu

@rger shrinkage is nore desirable.
asured using CD SEM (scanni ng el ectron
[m’ ros py Tediamster of the hole in the

ot oresi st/ RELACS pattern was reduced by up to 24.4nm
romitscinitial hole dianmeter in the photoresist
pattern. It was found that there is a change in the

K (12 5 b t d
A ¢ RfE S Cot 1 SRTHOTRrPNB e or LonbE e Bmmb 845" oty N-
dmwuw:anmmﬁwymb czg 3(6 gr oPa4pRbs, ﬁnﬁcmlééf@mctvm') (53.98

sumar,ized in, Tab . Increasing t m Xl

9, Q éﬁ%%m% rd-4he %Hﬁ@of,rﬁéosbiﬁlﬁﬁhla@@%mlq (ﬁiBhbw@% T6e5@ g of
acege%rggrﬁé;/ Mn@éla%ﬂeh% ang /&?( B%@e\‘%yzg%@#?@%ﬂtﬁ setup,

reacion Q@'ﬂdlﬂbh% aptl osqjaw 9theSs$¢% the Seadtimot wete Hevdarhie as in

Ex+rﬂgl®> Vﬁf\; rfln%g?%gﬁgif éﬁgly@éé%%gpv%)sd%ﬁ% @d gl %‘% and

thePylleyi M/ dissit Mipk ampwﬁhbywm Yhatteoaer Y)FIONMW @t and
I)Amxttire o{_ rrethlamnoethlacry ate (30.69
Ilth%g h'fl%ﬂla yﬁﬁ) he " welg t average molecula weight of the polymer was

64,401 (Mw) and polydispersity was 6.0.

The mole % of the monomers, dimethylaminoethylacrylate (10-60%),
acryloylmorpholine (30-80%), vinylcaprolactam (10%-60%) for the different
polymers (Polymers 12-22d) is summarized in Table 3. The molecular weight

(Mw) of the polymers was in the range of 16,000-65,000 and the polydispersity
was in the range of 2.0-6.0.

C NMR (CDsOD) for Polymer 22a: & 178.8ppm( >C=O, VCL) ; &
174.4ppm( >C=0, AMOR); 176.6ppm( >C=0, DMAEA); 862.5ppm (O-CHx-CH.-
N, DMAEA); 858.3ppm (O-CH,-CHo-N, DMAEA); & 68.3ppm (-N-CH,, VCL); &
46.2ppm (-N-CHas, DMAEA); 6 48.1ppm (-N-CH2-CH,-O, AMORY); 8 43.8ppm (-N-
CH,-CH2-0, AMOR); 6 40.0-34.0ppm (main chain -CH, CH» of AMOR,VCL &
DMAEA, overlapped);d 31.1ppm (O=C-CHo-, VCL); 8 24.3ppm ((-N-CHz-CH,-
CH>-CHo-, VCL).
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acryl oyl nor phol i ne (AMOR) (45.39 g, 0.3215 nol), 11.41

g of initiator, azobisisobutyronitrile (Al BN) and
wasmIssy4of acetonitrile were added to a 500n PEDIB2A09/005975

bottom flask. After a nitrogen purge, the reaction

solution was heated to 700C. The pol ymerization

reaction was carried out for 7 hrs. The concentrated

pol ymer solution was precipitated in diisopropylether.

The amount of precipitating solvent used was 8 tines

that of initial volune of reaction. The final

Thee tiffwigyaphic (Ralyatien @hs wasried out fod Pio@@hem #H0Ld ardshd@n in

o % gl 2 S o R oy o

terrﬂ.‘@r@l@lké Ricré@ictihthe @hrihkggd st ieiolwas 19, 340 (My) and
pol ydi spersity was 4.0. The synthesis was repeated by

varying the nole % of the nononers,

The m)l ecul ar wei ght (
range of 15, 000- 33, 000

di mat h‘ﬁbﬂi@ neRl ér?é‘d%h@jafia%%g Sﬁ%@«a e performance of

ym 7: 1 Coniact Hole

gl& pol yrrer was in the

ol ydi spersity was in

he range of 2.0-5.0.  13C NMR (CD30D) for Polyner 9: d
Potymer %K;]gORZ BAE’\CVQD’ AMOR) .Fd,rmudti01147L6. 3ppn( >C=0  DMétdgt (e} 6

(mol2)0 ("(0 JEQQC')A;)‘ [Pyt A i 9) %ﬁ/{é}p 320 g js c. l_ﬁ‘}f,’ e | see | tec | aroe
2 Y-p 40—];,- Qo Al\/m\&) | _doa0 |0s@a. Dppn [ mad | clai h 4eH| 1ss 238
13 ICH® o] AMOR & DYAEA, |oves | dpped)} disd3] Sppnp 2s 157 19.4 27.3
14 ( s\ CH2s CHR-), [AMIR) The T| theof a,g_ 'E &Y Ugl ! PNigh@P 104 338
I S A O A ! T A A AT BT A T

fre—tre—dettetstare—gun Z-ec— 22! 2R as Ry
16 h& o xi*ha lt e¥mdr diturle io?mr a8%8d t NN: shW ate bf Y he N NM
17 b, [Tabt e [2:4 Pql yiger|i zab | or; s@3at b snd] | i nggmap Ni 2.3 NM NM
18 pval upt iz©n jofascqpolsyner so 56.92 NM NM NM 16.8 NM NM
19 30 60 10 18 0.0 58.92 17.9 202 37.2 NM NM NM
20 54 23 23 18 0.0 58.92 18.1 19.4 30.1 18.7 NM NM
21 30 10 60 18 0.0 58.92 187 17.5 250 24 NM NM
22a 30 38 a2 18 0.0 5692 17.9 NM 202 NM 372 NM
22b 30 38 32 18 0.9 58.10 18.4 NM 19.4 NM 30.1 NM
22¢ 30 38 32 18 18 57.26 137 NM 175 NM 25.0 NM
22d 30 38 32 18 2.7 56.43 8.9 NM 136 NM 322 NM

*Additive : N-(2-aminoethyl)ethanolamine, 20wt% in DI water;

NM : Not Measured.
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( DVAEA/ AMOR) on AZ AX2050P (90nm 1: 1 CH resist) S$S485

. Surfactant 5w %in D Water (manufactured by AR
WEe@dosieds & Chemi cal s, Inc.); Exanpl e 3: Synt heRCHIR2009/005975

Pol y(acryl oyl nmor phol i ne- co-

N1Ndi et hyl am noet hyl acryl ate- co-vi nyl caprol actam A

m xture of acryl oyl norpholine (22.81 g, 0.1615 nol),

N1Ndi et hyl am noet hyl acryl ate (29.30 g, 0.2046 nol),

vinyl caprol actam (VCL) (23.98 g, 0.1723 nol), 11.41 g

of initiator, azo-bisisobutyronitrile (A BN and
Exargpleso ¢:of aceSynthesid e wdre Robacriloym&pholing-oond  N,N-

erinmen et u reaction
d'"%%ryé&ﬂ”g’!n@g%m@éﬁ%{) %?IV'BP'& &br the reaction
were the sanme as in Exanple 2. The final copol yner
E( r:F ) s vacuumdried at 400C and the yield
8P _IThe ol ymer was characterized by NWR, GPC,

hogr aR | o anal ysis. The wei ght average

Ie@ul t of the polyner was 64,401 (Mvy) and
poI ydi was 6.0. The nole % of the nononers,
net h am noet hyl acryl ate (10-60%,

%cryl K\nor phol i ne (30-80%, vinylcaprol actam
(10% 60% for the different polynmers (Polyners 12-22d)
is summarized in Table 3. The nol ecul ar wei ght (Mw) of
A RiXPE ynef s aerylovinenpéolingge (465,176, 900- 628860 amal),t heN,N-

dlﬂﬂ%ﬂh%&é@l%& %@'5‘%2@9%5 %,@elg)l & nﬁ' BC@BC))/I 13(I\'ac a (16.87

g, 0117211 24mgh)( 13@qQy oAMiR)tpr Bz6- tﬁapotﬁut?@r@rlldlmgﬂ) and 162.50 g of

ooy B QR o 5 Ba0M i Rotisnp T, Jhe @xaeigpil setup
rea(:tidrlr Cot3ditiOVAIY) Lsoﬁlatléﬁ Bropess éftél' A& r&d ol wAVHR ’sthe as in

[_'P@% NCH2 AMOR) ; 40. 0- 34. Oppm (mai n

EXWF%D @l@oe@lymmm% 26) was vacuum dried at 40°C and the
vield was 73%. The copolymer was characterized by NMR, GPC, and
lithographic analysis. The weight average molecular weight of the polymer was
23,043 (Mw) and polydispersity was 3.0.

The mole % of the monomers, dimethylaminoethylacrylate (23-60%),
acryloylmorpholine (30-54%), vinylcaprolactam (10%-60%) for the ‘different
polymers (Polymers 23-28) is summarized in Table 4. The weight average
molecular weight (Mw) of the polymers was in the range of 20,000-40,000 and
the polydispersity was in the range of 2.0-7.0.

C NMR (CDsOD) for Polymer 26: & 178.5ppm( >C=0, VCL) ; &
174.0ppm( >C=0, AMOR); 176.2ppm( >C=0, DMAEA); 662.3ppm (O-CH,-CH,-
N, DMAEA); 858.6ppm (O-CH,-CHa-N, DMAEA); & 68.0ppm (-N-CH,, VCL); &
46.4ppm (-N-CHs, DMAEA); & 48.3ppm (-N-CHo-CH»-O, AMOR); 6 43.6ppm (-N-
CH,-CH2-O, AMOR); & 40.3-34.2ppm (main chain -CH, CH» of AMOR,VCL &
DMAEA, overlapped);5 31.5ppm (0=C-CHa-, VCL); & 24.1ppm ((-N-CHo-CH,-
CH,-CHs-, VCLY), 8 20.0ppm ((-CHs-, main chain, DMAEMA).
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DMAEA, overl apped); d 3 1.1ppm (O=CCH2- , VCL); d

24. 3ppm ((-N-CH2- CH2- CH2-CH2- , VCL).The Ilithographic
wWe@@basteson was carried out for Polymers 12- 22RICEBEB2009/005975

shown in Exanple 1 and the details are sunmarized in

Table 3. Increasing the m xing tenperature increased

the shrinkage of the hole. Table 3: Polynerization

Dat a and Shri nkage performance of poMAMOR/ DMAEA/ VCL)

wi t hout additive on AZ 2050P (90nm 1:1 Contact Hol e

photoresist) *Additive : N-(2-am noethyl)ethanol am ne,
The Gitidgraphi®l evediation Wls: cavded Mmswr @bliﬁmwlzes-% as shown in

xR TRy i FRAUS P ST HETET AP B 05 Ji-rigesaging] ha miing

ten‘a‘be%t&?éﬂh@ré&seﬂ%é|sﬂYhR£’c}5é’BPﬂh'erlﬁ>lé.40- 17 g, 0.2845 nol),
N, Ndi met hyl am noet hyl net hacrylate (19.05 g, 0.1212

m)l_),TV| nyl c%prol actam (16. 87 g, Ok1212 m)l) 11 41 ¢

condi tion and |s®ha‘t@andul506@$mxmhtlmkethe reactl on was
the sane as in Exanple 2. The final copol ymsr (Pol ymsr

a0 Aet od ot ane _and + bao

LU} Pe) Vab ulll url jeua Aatl VU _ )’I \4

PR gg‘l}?g PMAGHS. |G har.aafrer Lgimﬂaf'ordi\ﬂ . ghé'.".'gge tm
li t hog ilc @A Wsis. ThePerdat | He@Age éI@cu|l artsec
vl ght ed the pol inersswasg 231043 [ Meggoand 181 21.9
pal vdi spersj t yvaenag 3.44. The nwl e Y6 oot he nmmyonelr s, 190
disretl hyBan hoetohyljacripl atte (28- 609 , oo NM NM
2erylloybsrorpho?s ng (30-54% . 19i nyl cagseol pct 2an 22.5
(2r0%{ 6099 flor tohe |di ffPer ent psdl yner 8PP0 yes 213- 2891
128 st ized 38n Tahl® 41 Theéswei jhtS84ver ages3 21.3

NM : Not Measured.

Example 5: Synthesis of Poly(N,N-dimethylaminoethylmethacrylate -co-
vinylimidazole)

Ly
< ol

A mixture of N,N-dimethylaminoethylmethacrylate (55.09 g, 0.3847 mol),
vinylimidazole (36.21 g, 0.3847 mol), 13.7 g of initiator, azo-bisisobutyronitrile
(AIBN) and 195 g of acetonitrile were added to a 500ml round bottom flask. After
nitrogen purge, the reaction solution was heated to 65°C. The polymerization
reaction was carried out for 7hrs. The experimental setup and isolation process
were the same as Example 2. The final copolymer (Polymer 29) was vacuum

dried at 40°C and the yield was 75%. The copolymers were characterized by
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mol ecul ar wei ght (My) of the polyners was in the range
of 20, 000-40, 000 and the pol ydi spersity was in the
WO 200985388 2. 0- 7. 0. 13C NVR (CD30D) for Pol ymerP@B1B2609/005975
178. 5ppm( >C=0, VCL) ; d 174.0ppm >C=0, AMIR);
176. 2ppnm( >C=0, DMAEA); d62. 3ppm (0-CH 2-CH2- N,
DVAEA) ; d58. 6ppm (0-CH 2-CH2-N, DVMAEA); d 68. 0ppm
(-N-CH2, VCL); d 46.4ppm (-N-CH 3, DVAEA); d 48. 3ppm
(-N-CH2-CH2-O AMOR); d 43.6ppm (-NCH2 -CH2-O, AMOR);
d 40. 3-34. 2ppm (main chain -CH, CH2 of AMOR VCL &
NMB/pERC, endr lltgpgr@ohic anaysiSpphe V@ightChizerage blpculdr Hbidght of

R O e
SR TEDRIEY B PR A L VR E oo

(CH-INCHi- i Dl - tmmezeeugmumcraaeee;bprrﬁle@w elr-ﬁleonf irfiBlazole
marl zation Data and Shri nk

groggﬁ 't gﬂiﬁ?ﬂ?@"bf( - mﬂmleo@rm)zc‘Jﬁﬁv?mmnn(ﬁ) CHo,
DMKEA O@Bsawpnmm @lﬁg: NEaS/ﬁt b 2%, @é&ofr\figiil 15%’%3 5 42.0-

m xi ng bake
34. Qppmdnwrmchalm @1 [SHinof Vllo&tDMAEAt bwi@ppmm
-covi nyl i m dazole) A m xture of

The\faurngigtientygingrPetymen2hwas i yaratas(daniile d, (1C8g8&5||7mer and

I
5o S0tclt PRLIGTL AR B HETAA et s bt gige e
same esofxanidie eTiee aagsbsitora wiBOPblyhsngdg bekham éﬂ)ﬁ%bdltlve
Af t ni.troge ur the reaction solution was heat ed
S“C} ek 0l 5D BE@@%@? BARM GH NG fesAPsiatire 0fr 121CouR.0nm at
mixirey te'r’rlfrie‘ratu'F@ of QBQ%' f@ﬂﬁﬁ\' atstﬁ'?;}Hbf @ﬂ%éréﬁﬂr@%\‘ ‘?EO‘QE 3 at

were the sane as 2 ]
qugﬁgmgeram %550@@5\@}] 19.9nm at mixing temperature of 160°C for

90nm 1:1 contact hole.

Example 6: Synthesis  of  Poly(hydroxyethylmethacrylate-co-N,N-
dimethylaminoethylmethacrylate)

Eﬁj {f}

A mixture of hydroxyethylmethacrylate (36.23 g, 0.2784 mol), N,N-
dimethylaminoethylmethacrylate (39.86 g, 0.2784 mol), 11.41 g of initiator, azo-
bisisobutyronitrile (AIBN) and 162.5 g of isopropylalcohol (IPA) were added in a
500ml round bottom flask. The reaction solution was precipitated in diethyl ether.
The experimental setup, reaction condition and isolation process were same as
Example 6. The final copolymer (Polymer 30) was vacuum dried at 40°C and the
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dried at 400C and the yield was 75% The copol yners

were characterized byNMR, GPC, and |ithographic
w@ap@bgsicss The wei ght average nol ecul ar wei ght POf/1B20@9/005975

pol ymer was 18, 350 (Mw) and pol ydi spersity was 2. 2.

13C NWVR (CD30D) for Polymer 34: d 175. 4ppnm( >C=0

DVAEA) ; d138. 3ppm (CH N-CH N-CH, im dazol e group);

d130. 3ppm (CH N-CH N-CH-, imidazol e group); d118.3ppm

(CH N-CH N-CH, imidazole group); d62.7ppm (O CH2,

DMAEA) ; d58. 5ppm (>N CH2, DMAEA); d 45. 7ppm (- N- CH3,
yielVAtES :75%4|Zl'lﬁ)e g?p@wﬁmgvmé nlcha@'cterrz@ﬂ, b§l|'|2\lp lMR, VGZPg, and
... DVA overl.apped). .The fornul ati on usin al yner
ithgEPPise RIS AL he MinlgcaYeTRO] malgowal iRt Fldhe gabgmer was
16,%83%/\/) AP ASHSTEitpMAsPE).ACS | i thographi c process

conditions were the sane as Exanple 1. The conposition

e 9 i anr. addi i o )
Oémhlgprﬁfgdge ofD%.%ﬂr,lmnl?&a mrx?%'ga‘ije%%'ﬁgPﬁ?e%lc%ngEA)’ 0

167.2ppmin 2= xiiMEA)e BT 2rnm e(QLCHB00EMA)S. aotheram (HO-CH,,

HERAY, B8 BRBRFICH CHLE pthARAR B5e Ak 1N e PYBBAL 5 45,800 (-

N-Gls, 1 BODXEART 598200-34. 0ppran{main lehhie. -EKandHe &: VI & DMAEA,
Synt hesi f . .

OV?S@P;PFEES@ BiQBPﬂ\/l('Eé‘t‘qn@@mf}ﬂ‘%-'é%Mﬁ,)m met hyl ani noet hyl

Thﬁ%ﬁ@@é@nﬂ%&g@ﬁ%#fseo (v)vfasht¥|grs?ei( g tagyle)gfl%glgci,yh%; polymer

an%iﬁl)@gﬁ?%ﬂéﬁji Wﬁd(?)(?f@biéy hABTRIAAYS ditrfodradhi8 Drécesd- c%_?r?lﬂions were

, g initiator, azobisisobutyronitrile o
the( apmR) as dexaraples 1 g Gempaesitinn witha Pobmmeer 8P paithquir any additive
: r g |
ShEBRER, hole ke of 1725 B B MHhBRSmeERiufe 8E140° for oonm
T:lecqméadtinele.al set up, reaction condition and isol ation
process were sanme as Exanple 6. The final copol yner
(Pol ymer 30) was vacuumdried at 400C and theyield was

Ex@dbile TdeDefsdinspectioynsf gﬂ@(myxgﬂ-é@m\w(m»,mmnd

I'ithographi c anal ysis. The wei ght average nol ecul ar
Anviitigetlectivet datipg| iaRkial\@¥® ArF-1C5D (manufactured by AZ EM USA

Corp, 70 Meister Ave., Somerville, NJ) was spin coated on a silicon substrate
and baked at 200°C for 60 seconds to prepare an anti-reflective coating of
0.037um in thickness. Then AZ® AX2050P photoresist solution (manufactured by
AZEM USA Corps, 70, Meister Ave., Somerville, NJ) was spin-coated on the
bottom antireflective coated (B.A.R.C) silicon substrate. The photoresist film was
baked at 110°C for 60 seconds to give a thickness of 0.15um. Then the
photoresist film was exposed on a 193 nm scanner (numerical aperture of 0.78
and coherence of 0.9) using a 6% attenuated phase shift mask. After exposure,
the wafer was post-exposure baked at 110°C for 60 sec. and developed using
AZ®626 MIF Developer (manufactured by AZ EM USA Corp, 70 Meister Ave.,
Somerville, NJ), for 60 seconds, to form a contact hole pattern having a diameter
of 90nm with 180nm pitch. The photoresist paiterns were then observed on a
scanning electron microscope.
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16,248 (Mwv) and pol ydi spersity was 2. 0. 13C NWR

(CD30D) of Polymer 30: d 175.4ppm( >C=0, DVMAEA); d
wagmwIppewy >C=0, HVEA); d67.5ppm (0-CH 2, HEMAGT/IB2009/005975

d60. 6ppm (HO CH2, HEMA); d62.5ppm (O CH2, DVAEA);

d58. 2ppm (>N CH2, DMAEA); d 45.8ppm (- N CH3, DMAEA);

d 42.0-34.0ppm (main chain -CH, CH2 of VI & DMAEA,

overl apped) d 19.1ppm (-CH3, mai n chain, HEMA). The

formul ati on using Polyner 30 was the sane as exanpl e

4, (1 .8g polyner and 58.9g water). Photoresist and
Th&EhAGS d0|at|hg gnagehiat merdecas sn deibth ti gsifg Weslgmenae, meapphed

oG bt ) AL S e o

100mAReTcRivaE SsUectéd o frdat %ﬁfﬁlém‘é‘)%ﬁ o at B4are! @r 60
7a: Defect |ns ection of EA- co- P/( 0/ 60))

seandy) RupseduRnilyy 89 éhmnk/@aé@aahwaﬁ m@reobusmgzzlrwater puddie
for%OZ séé&rg@rsré éﬁclf‘ l&‘iﬁg&ﬁ Kﬁfg%a @éc%?\‘h%s@ éé%’i I?neexsgli %ﬁ%ﬁttn fhs done

, sSpin coa
usiggHsitA20860 $pirelbsike . aﬁumomdfactuﬁébl by CIbAIST drmoprGpyr e the

oxHbeR st O30 ih et HeYioPTeaNG £ BCCHR I L 1 e the

defeyt AZRd &farficletsut oD ellivitat Shudyslike aéféi‘:'t \onl e, SL!Wéce The
was s& n-coated on the bottomantirefl ecti ve coate

samp PKo¢ess) was folioyedsiohing eeraparaiive snaietak yihere the nﬁqﬁwt AZ®
Rsbak(%’arﬂfaét&% tﬁg i{ﬁEﬁ/ﬁ%l@'%:&r vaﬁﬂéstbP'A%”eéém%vae NJ)

5mm Then ot oresi st Irﬁ was exposéd
Waﬁg@eﬁrﬁssﬂfl@rﬁ’mmk( matmai cEie defect da’@ |efsumrﬁ8r|md1||n Table 5. The

RIS il 1008, 5] LGRAT e MEBRL Hice. he

datadhﬁdera&hdﬂékﬂ)fha‘tﬂner@@v@emo @inddgiedeieepsd usi ng

Example 7b: poly(AMOR/DMAEA/VCL) on ArF photoresist, AZ AX2050P (90nm
C/H with 180nm pitch)

An anti-reflective coating material, AZ® ArF-1C5D (manufactured by AZ EM USA
Corp., 70, Meister Ave., Somerville, NJ) was spin coated on a silicon substrate
and baked at 200°C for 60s to prepare an anti-reflective coating of 0.037um in
thickness. Then AZ® AX2050P photoresist solution (manufactured by AZ EM
USA Corp, 70, Meister Ave., Somerville, NJ) was spin-coated on the bottom
antireflective coated (B.A.R.C) silicon substrate. The photoresist film was baked
at 110°C for 60 seconds to give a thickness of 0.15um. Then the photoresist film
was exposed on a 193 nm scanner (numerical aperture of 0.78 and coherence of
0.9) using a 6% attenuated phase shift mask. After exposure, the wafer was
post-exposure baked at 110°C for 60 seconds and developed using AZ®626 MIF
Developer (manufactured by AZEM USA Corps, 70 Meister Ave., Somerville, NJ),
for 60 seconds, to form a contact hole pattern having a diameter of 90nm with
180nm pitch. The photoresist patterns were then observed on a scanning
electron microscope.
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AZ(r)626 M F Devel oper (manufactured by AZ EM USA

Corp, 70 Meister Ave., Sonerville, NJ), for 60
weemonsw48 t o forma contact hol e pattern havi nRCEHIB2009/005975

di aneter of 90nm wi th 180nm pitch. The phot oresi st

patterns were then observed on a scanning el ectron

m croscope. The shrink coating nmaterial nade as in

Tabl e 1 using Polynmer 4, was applied over the

phot oresi st patterned substrate and the shrink film

had a thi ckness of 100nm and was subjected to heat

The sbenkrenatirtg rratemmhage haueyraate 34&«}@; Polynﬁé? 22 orsapplied

ont P8 Bl opbIoTeSoL aRS 168 ik es Getes B NigHIEL KR DO,

Thé’bab@teéteMamaguemaathew&edﬁﬁéq bnmﬂhﬁ)ﬁﬁ.@) &t stﬁb for 60
sSi ze %él‘ 5mm ( manuf act ur ed KLA Tencor

secapdlss §ﬁ8%’i¢8&ﬁ8§e‘&”‘f§ﬁ@t§§ shirink mfé%atlowﬁ@rremoxed usmg DI

waﬁJi‘UElQ@dlgef(ﬁCBO' ?%ﬂgeaﬁ@enﬂ%f §6L doS s@%n(ﬁs PRRL | t‘ﬁ‘x‘?ng bake
but” an el liptical snudge-Ilike defect on the sur

tempesatbiseravas wiaskirams16450- bIRSE fapr6Qt $m:omlsparcmdervte promote a

B s LB o LR oL A6 v

Shmaimgaslsoh aseaslmee shritidal ivhensiah .(CD) alifielencé dﬂ@ﬂiélcbﬁtact hole

C/E@mm“ ze n Table 5. The results show that particle

(C/hdr Qe Delrg RBAe aftar the shiiiptRIBress: ahhe. datest data is

sur@lﬁia@zé@rlhh?ébléhfi’\’\@ﬁ tdab jhhe s t
Exanmpl e 7b: pol y(Al I\/%?/ \ émev@osﬁmx%l:ﬁ{%g{ta%rﬁf@g defects

obﬁssz»@%m t@)mﬁe@ww ramqgﬂmd@fatfuﬁhemﬁhowed that there were

ive coating material, AZ(r) ArF-1C5D

nogﬂnyr?g?g{:tﬁééd by AZ EM USA Corp.. 70, Meister Ave.,

Sonmerville, NJ) was spin coated on a silicon substrate

AZ(r) AX2050P photor esrbg'gt a@bqj,{cgn (manuf act ur ed by AZ

EM

E tof Number of Defects
Mixing Bake xample Photoresist RELACS
Pattern Size Exposed Unexposed
WF1 WF2 WF1 WF2
Example 7a AZ polymer 4
140°C/60" 90nm C/H, AX2050P 6 2 11 4
180 pitch (ArF) (from Table 2)
Example 7b AZ
130°C/60" 90nm C/H, AX2050P R607 5 0 3 4
180 pitch (ArF)
Example 7b AZ I 29h
150°C/60" 90nm C/H, Ax2050p | Povmer 2 16 1 3
N (from Table 2)
180 pitch (ArF)
Example 7b AZ ol 2p
170°C/60" 90nm C/H, AX2050P (fpmnyq"}i’bl oo 13 9 18 11
180 pitch (ArF) )
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USA Corp, 70, Meister Ave., Sonerville, NJ) was
spi n-coated on the bottomantireflective coated
W@ B0N1RR6® silicon substrate. The photoresi st PCT/B2002005975
baked at 1100C for 60 seconds to give a thickness of
0.1 5mm Then the photoresist filmwas exposed on a
193 nm scanner (nunerical aperture of 0.78 and
coherence of 0.9) using a 6% attenuated phase shift
mask. After exposure, the wafer was post-exposure
baked at 1100C for 60 seconds and devel oped using
Clait@$r) 626 M F Devel oper (manufactured by AZEM USA
Corps, 70 Meister Ave., Somerville, NJ), for 60
1. secAmdequdcusf @oktiag Cennmpesitio®! RrrPabhfid) HayhdtBredist pattern,
di aneter of 90nmw th 180nm pitch. The photoresi st
COMRISIRG P PRRMENt FIAPEYES ral dgasih oge sénih Mithgar | aliedamsino group,
' T i coating material made as in
Whé‘l%gr]g%gﬂﬁ?isn*g&sg{lgﬁb)’22b, was applied onto the
patterned photoresist and the thickness of the shrink

filmwas 100nm The subdgi e was subjected to heat
treatment (i.e. mxing at 1500C for 60 seconds.
Subsequently, the unreactedq shrink material was
renmoved using DI water p for 60 seconds and rinse

for 30 seconds. The m xi ng bgke tenperature was varied
from 160C-1 700C for 60 seconds in order to pronote a
crosslinking reaction at tmgNi\ﬁterface bet ween t he
phot oresi st and shrink | ayer. Shr i nkage is a neasure
of critical dinension (CD) (th fference of the contact
hole (C/H) or trench before and after the shrink

whdfeP 3 R 1B AESEcRy Releti b R b abriand Sodo o AIRS, Re
is e pvadklylnend W is Chio @galkplenll e range. The data

further showed that there were no snudge defects.
Table 5: Defectivitv Data of RELACS on AX2050P (ArF)

2. 90nTACeARTy chimbBsition of claim 1, where the polymer further comprises
a monomeric unit of structure 2,

Re Ry Rg

L
)

where, Rs to Rg are independently selected from hydrogen and C; to Cg alkyl, A

is selected from a single bond, O, C(0), (C=0)0, C to C4 alkyl;

X, Y, Z and N form a cyclic structure, further where, X is selected from C; to Cg
alkylene, unsaturated C4 to Cg alkylene, direct bond, and mixtures thereof, Y is

selected from G to Cg alkylene, unsaturated C4 to Cg alkylene, direct bond, and
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resist, 180 pitch:Clains 1. An aqueous coating
conposition for coating a photoresist pattern,
W@ vpnsmishg a pol yner conprising at | east one REI/AB2AKN (95975
an al kyl am no group, where the unit has a structure
(1), (1) where, R to R4 are independently sel ected
fromhydrogen and G to C6 alkyl, R5is G to C6
al kyl, and Wis C to C6 al kylene. 2. The coating
conposition of claim1, where the polynmer further
_conprises a nononeric unit of structure 2, A.N. XV
mixtures \theveef, isrledekBont 6HanAQe EON MINK, NdCe it 4 allny)mN=N,
gn al kyl, Ais selected froma
a"d;Ng% N aﬂg%gn'@%ﬁ (CC00, G to Chalkyl; X Y, Z
and N forma cyclic structure further where, X is
selected from G to allklene unsaturated G to C6
3 al k}e,heeﬁ%at"zﬂ ?%'BPO%B%O]‘ glatn @ Jhere the moneBtericwniisof structure
(2) essietied fforgm G to C6 al kyl ene, unsaturated G to C6
al kyl ene, direct bond, andm xtures thereof, Zis
R sel ected fromCH2, O C(O, N, NH N (G to G alkyl),
° NeNks and NFCHRM: and N i s nitrogen. 3. The coating
conpgsi ti o? of |[cljaim 2, where the nonomeric unit of

" structure (2) ijs'selected from
o' ™N N.
xoyoox Y
\ , ; L

where, Rs to Rg are independently selected from hydrogen and C; to Cg alkyl,

X, Y, Z and N form a cyclic structure, further where, X is selected from C4 to Cg
alkylene, unsaturated C; to Cq alkylene, direct bond, and mixtures thereof, Y is
selected from C; to Cg alkylene, unsaturated G, to Cg alkylene, direct bond, and
mixtures thereof, Z is selected from CHjy, O, C(O), N, NH, N (C to Cg alkyl), N=N,
and N-CH=N, and N is nitrogen.

4. The coating composition of claim 3, where the monomeric unit of structure
(2) is selected from,

5. The coating composition of any one of claims 1 to 4, where W is ethylene.
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RRRRDbR RBO- - N- XYZ2"' were, R6to R8

are i ndependently selected from hydrogen and G to C6
w@bkdoghs3e¥8 Y, Z and N forma cyclic structure, PETIIB20&r005975

where, X is selected fromG to C6 al kyl ene,

unsaturated G to C6 al kyl ene, direct bond, and

m xtures thereof, Y is selected fromGC to C6

al kyl ene, unsaturated C to C6 al kyl ene, direct bond,

and m xtures thereof, Zis selected fromCH2, O C(O,

N, _EIH, N(C to C6 alkyl), N=N, and NNCH=N, and Nis
6. ni t Hisyeeating comppositien p%gny: onp @ ictaima Too Tl velere3he pobmeer is
fred W' unit of structure (2) is selected from

58pgl'he coathlbigfg conposition of any one of clains 1 to

4, where Wis ethylene.6. The coating conposition of

an . cl aj .to 5 where the polyner is free of
£ am}‘l‘d%ﬁ ngﬁ%@.&ﬁ“ﬁi‘@“c8gﬁ'ﬁi6‘ o8t NEnCOMPesitipt, ig, free of
amidbegreupdre conposition is free of am do groups. 8. The

coating conposition of any one of clains 1 to 7, where
the polyner is free of an acrylate and/or a carboxylic

8. aciThe Sbati héi i :
1 e oatTiGPoSTABIS EaRPphe of Lidths 136, £t té Bollner i
free\gfrhaenviate ang/asta earboxylligrasid.3), where Bis G to C6

al kylene, RO is Hor G to C6 alkyl. 10. The

conposition of claim1l1, where the conposition further

9. conlthei esating composition of any one of claims 1 to 8, where the polymer
further comprises a monomeric unit of structure (3),

(!)H (3)

where B is C4 to Cs alkylene, Ry is H or C4 1o Cg alkyl.

10.  The composition of claim 1, where the composition further contains a
water miscible solvent.

11.  The composition of claim 10, where the composition further contains a
water miscible solvent selected from (C4-Cg)alcohols, diols, triols, ketones, esters,
lactates, amides, ethylene glycol monoalkyl ethers, ethylene glycol monoalkyl
ether acetate, N-methyl pyrrolidone, propylene glycol monomethyl ether,
propylene glycol monoethyl ether, propylene glycol monomethy! ether acetate,
and propylene glycol monoethy! ether acetate.
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wat er m scible solvent. 11. The conposition of claim
10, where the conposition further contains a water
wore@eitfdeds sol vent sel ected from (CrC 8) al cohol BCT/tB2009005975
triols, ketones, esters, |lactates, am des, ethylene
gl ycol nonoal kyl ethers, ethylene glycol nonoal kyl
et her acetate, N-nethyl pyrrolidone, propylene glycol
nononet hyl ether, propyl ene glycol nonoethyl ether,
propyl ene gl ycol nononethyl ether acetate, and
propyl ene gl ycol nonoethyl ether acetate.12. The
12.co composiionagly aoyn e@nef ot ickiims 1. tt.01 1, IWhenshtee composition

i g I he ri ses ditives. se|lected fro
B e BB B SRR B S8
alciiif photadicie genatator, cwsamkiry cOMpeARRO tiEtmal RRId®jenerator,

13. The conposition of

id generator, and free acid.

an(gﬁﬁeéﬁ'éi' of claims 1 to 12, where the conposition is

free of a crosslinking conmpound. 14. The conposition

of any one of clains 1 to 13, where the conposition is
13.1 r ebhep LORMPPREIOD i anygene ohtctaims 1 o A2p mhess $hé somposition is

I: ' el ectroni c device, conprising; a)

freﬁg%}%gﬁgﬂgggg@gpg with a photoresist pattern; b)

coating the photoresist pattern with a coating

matgri al _accor di to any_one of clains 1 to 14; c¢c) .. .
14. o218 ﬁamgogﬁppifﬂ%wf ong, of &Eaé'["lsnb t‘?ratser"‘fhﬁre ithe cenpesition is
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15. A process for manufacturing a microelecironic device, comprising;

a) providing a substrate with a photoresist pattern;

b) coating the photoresist pattern with a coating material according to
any one of claims 1 to 14;

C) reacting a portion of the coating material in contact with the
photoresist pattern;

d) removing a portion of the coating material which is not reacted with
a removal solution.

16. The process according to claim 15, where the substrate is heated,
thereby causing a reaction of the coating material with the photoresist.

17.  The process according to claim 15 or 16, where the removal solution is an
aqueous solution comprising a hydroxide base.

18.  The process according to any one of claims 15 to 17, where the removal
solution further comprises a water-miscible solvent.
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16. The process according to claim15, where the
substrate is heated, thereby causing a reaction of the
weombitssg4sat eri al with the photoresist. 17. ThECPIB0EH®5I7S
according to claim15 or 16, where the renoval
solution is an aqueous solution conprising a hydroxide
base. 18. The process according to any one of clains
15 to 17, where the renoval solution further conprises
a water-mscible solvent.19. The process of any one of
claims 15 to 18, where the photoresist conprises a

19.pol Theerpraeessa of hartyo aried of eslainet di5. to 18, where the photoresist

comprises a polymer and a photoacid generator.
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