Description COVWPOSI TI ON FOR COATI NG OVER A PHOTORESI ST
PATTERN Technical Field The present invention
relates to a conposition for coating over a photoresist
pattern to inprove |ithographic performnce and al so
relates to a process for ub%igmh a coating for nmaking
an i mage on a substrate. Background Art The
densification of integrated circuits in sem conductor
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very fine interconnections wthin these integrated

circuits. Utra-fine patterns are typically created by
or m.n Pa terns in a photoresist coating using

Eﬁ@%ﬁ&k—ﬂg@raphi c techniques. Generally, in these

processes, a thin coating,of a filmof a .photpresis
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Eﬁ?@a&?sﬁg bTfhe coat eg s_ubstrgtééﬁ s then baked to evaporate

processforeusing suciha quiating fesinakingoarpreage on aasubstiate. x t he

coating onto the substrate. The baked coated surface of
the substrate is next subjected to an inage-w se exposure

Bgck@hﬁaiﬁqﬂ. Thi s radi ati on exposure causes a chemni cal
ransformation in the exposed areas of the coated
surf agfe aén%iﬁ%!aﬁog!&hﬁmteyhferoa&ir&hi&t ir %_iddrﬂfmstor%eﬁhélegy has

beam and X-ray radiant €nergy are radiation types _ o
beem@mtcpmpanied byl sy nead tocmanufastureaysiy dinsr idersopsectignsewithin
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phot or esi st . Mniaturization of integrated circuits
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efine the substrate or be used to deposit materials,
sueiolithogranhit sprociessesi | After tthishrimgoe-vibe of¥PesIR, the coated

smal,l er .di.mensi on Q fi . as I :
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chem stries. The top coating layer or shrink material may

be anMiﬂigw%tiSnlaMﬁfeﬁ%@a Scuits Te8LIRES the pRBtiRY ok Inar@iver and
it may be organic such as a crosslinkable {)ol yneric
natrewealdimensions witkinether photaigsiak darigusateshaplogies have been

escl i in.uUs. 5 7107 r I [
3P STbBR i e e anGions B PR SER Gkt Eftrpples of
chem cal vapor deposited material. Organic polyneric
coatings are described in US 5,858,620, where such
coatings undergo a crosslinking reaction in the presence
of an acid, thereby adhering to the photoresist surface,
but are renoved where the top shrink coating has not been
crosslinked. US 5,858,620 di scloses a nethod of

manuf acturing a sem conductor device, where the substrate
has a patterned photoresist which is coated with a top

| ayer, the photoresist is then exposed to |ight and
heated so that the photogenerated acid in the photoresist
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pattern which reacts wth the photoresist and stabilizes

t he photoresist pattern and further increases the

di mensi onal thickness of the photoresist such that narrow

spaces can be defined. It has been unexpectedly found

that the use of this novel coating shrink conposition

| eads to inproved pattern definition, higher resolution,

| ow defects, smaller feature sizes, |ess tenperature
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process for using the shrink material to reduce the
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[ nterface |ayer he unreacted shrink layer is
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group branched or |inear Cl to ene.

therﬁt‘cbﬂ élfﬁﬁrﬁﬁdhr@égh tive mcw dedersaines the thwl@lemlow@ crosslinked
p | ene,
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sdutilorbmajlcanldlsspeteiHecndlwnelerrbodl ment of the nononeric

unit (1) in the polynmer, Rl and R2 are hydrogen, R3 is

hydrogen or nethyl, Wis ethyl or propyl, and R4 and R5

BABYDbScritioAd Btalvirem met hyl , ethyl, propyl and butyl.
Exanpl es of nononmers that nay be used to formthe
Fijofe ﬂﬁllds@rait’éﬁ ﬂqeqﬁwa‘gngﬁMéégs (Jéhhtcﬁh@ sHhﬁi@M%ﬁéﬂ RASHY)

acryl ate, dinethyl am noeth hacryl at e and

d%mtﬁﬁ yphaietesist, o(ﬁ dﬁ@@h&amrﬁweﬂecﬂve coalifg, (Hb) denetessilicars
a homopol yner of the nononeric unit of structure (1). The
pol ynmer may al so conprise at |east one nononeric unit of
structure (1) and at | east one other conononeric unit.
The conpnoneric unit may be & vinyl nononer. In one
enbodi mrent of the polymer in the novel conposition, the
pol ymer may conprise a unit of structure (1) and at |east
one unit of structure (2) (2) where, R6 to R5 are
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f'my (2b) where R6 to R8 are independently selected from
hydrogen and Cl1 to C6 al kyl, and noiety defined by X Y,

Z are as above in structure 2. The nitrogen contai ni ng
cyclic noiety of structures 2a and 2b, may conprise one

Av) Ben6tesat phatorskistderh N\ lilenelel 4 ehfilik ueating: amen@1pdenotes
nore unsaturated bonds in the cyclic structure, be an

an dnarffaee 1aye§, or ni xtures thereof. Exanples of the

cyclic noiety are imdazole, N-pyrrolidone, caprol actann,

N- nmor phol i ne, piperidine, aziridine and triazine. Further
Suaimpagofdhveritions of structure (2) are, 2(c)2(d)2(e)2(f)

In one enbodi nent of the polyner, the polyner nay
TRETYTESENtaivERASH rélBfRsRNaARIduUR0UBI dodtingSédripbsitien (f&) casting a
above, optionally a nononeric unit of structure (2) as
photeeesistnpatiernhicompiisingar pRlymer ccoptprising et least(@)e urg with an
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al kyl ene. The group B may be_et hyl ene, propyl ene or
butyl ene, and RO may be hy& en or nethyl. One exanple

of a nononer which provide unit of structure (3) is
hydr oxyet hynet hacryl at e. The nononer which provides
t he nmononeric unit of struc o(1) may be copol yneri zed

W th other vinyl nononers, suchﬁﬁs exenplified wthout

limtation by those of structur¢ 2 and 3 and al so

exenplified by N-vinyl pyrrol rgfOng, acrylic acid, vinyl

al cohol, methacrylic acid, N-vinylimdizole, acrylam de,

allyl am ne, vinyl triazines, (1)

2-vinyl-4,6-diam no-1, 3,5-triazine, diallylan ne,

whepd, aR] e RsNaer ydepkndemthobeleetedpfrpar hgdrogen and C4 to Cs alkyl,

met hacryl ate; and bifuncti onal noners such as _ _

@[\%Wé‘.ﬁégﬂ?&ﬂ alkdene hhe invgpyion also relates to a process for imaging a
| di i r may conprise a
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enbodi nent of the polyner, the polynmer is free of pendant

gcrgLste gigugs aqd/or am de groups. The pol ynmer does not

! e (rmeth)acrylam de in the synthesis of

the present inventive polyner. In one enbodinent of the .
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(alletl}))groups athat de th€ peapganbniioggn atacheddo dhe podyrdeis alkylated

nbodi t th t luble. .
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%&%Fe S0E cOinphises R E%ﬁiﬂa%wb iSTBhRRGIyAlisdfuleof c8hting over
east one of acryl oyl rpholm ne, N-vinyl caprol actam
ah@towsistnyserpjt'wednitﬁer@ep nitravinlete espabisly @248t mw, 193 nm and

oD R S5 BR B SRRV AT S P BBt can react with the
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caprol actam) and pol y(2-di nmet hyl am noet hyl

nmet hacryl at e- copi peri di nyl nethacryl ate). The

pol ymer conprising the al kylam no group in one enbodi nent
is free of any aromatic noiety, or absorbi ng chronophore,
such as groups contai ni ng phenyl noiety. The pol yner or

t he conposition does not absorb the radiation used to

i mge the photoresist which is coated beneath the shrink
| ayer. The conposition may be free of a photoacid
generator such that the conposition is not
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The wat er sol ubl e polyner can be nmade by any

pol yneri zati on techni que. Bulk or solution polynerization

may be used. Typically the vinyl nononers are polynerized

using a polymerization initiator, such as azo or peroxide
Ettéhf"W&b réa @SR PQS(O?%éig?ar&'sttéﬁh%f tRY PhdfdikYist pattern

oxlI de enzoyl peroxide, [aur er ox
audwsiwlthrpdrmgeases dbe daMansExmhttheSs af thenphoteresist aueh that
azobi si sobut
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AEtideaciylate repsBpeunss, appd oréyiate | Gorspowvnds.o Theo cogwosition may
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co ol¥ner of the present conposjtion, the unit
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t 0/ to apout 60 e°/ The
BRle et Tt crik retboving JPe iredrtea” SRELIEREREY afite shrink
ﬁ#&éﬁal&ﬂtﬂﬁ'r&ﬁ"mal $Qkén.60 ol e% and the unit of
structure (2) in the range from about 40 nol e% to about
80 no h f
ot ruc!: (?reﬁl;ﬂugﬁé’t%%ycﬂs é)rl{ggé(ﬁsf‘tor?n%asb d gﬁlﬁl{@aﬁﬂgl tgireduce the
8pacad bétwatm theephotoresist pattews, wheré Sbne photdresisti(ipis doaded over

38315 oALE: Fortgo o 4RBSS BRd then Saateuith Jish Shgk material

éeﬁ‘ﬂbbb%ﬁ N)e mvshbyt?étensSﬁéateHetopfarmh mM@&I%rt(W The
al kyl am no (- N(R4) R8) group and water, where the pol yne

voreasied aathurloh leseg ds rerovedbdis fomngha%h@iomtﬂnt@dace layer
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paraneters of the rrer an the diff renft
CormodE: B! L ERbS ke FoSalh o mpsTgRipg CogiRG 2 photoresist

pattyeniconipirbs & \ﬁafé'r seiuple PwaérV@té%fseﬁﬁdllyb@ wafislesbitiset he
conposition, such as crosslinking agents, water sol uble

surfactants, al cohols, am noal cohols, am nes,
surfactants, t her nal acid generators, free acids,

phot oaci d generators, and water sol uble polyners other
than those containing an al kyl am ne or am do group. In
the forrmulation of the shrink material, water mscible
solvents can be used in order to get a uniformcoating.
The water m scible organic solVYents used are exenplified
by (C1-C8)al cohols such as nethyl al cohol, ethyl alcohol,
i sopropyl al cohol, diols (such as glycols) and triols
(such as glycerol); ketones such as acetone, nethyl ethyl
ket one, 2-heptanone, cycl ohexanone; esters such as nethyl

D T S P | Y R PR Y T S 1 - 4 L D P IR T PR |



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
poly mareédrﬁp@suhgwrleasmbﬁe AlRylamid b, IWhé&@tmm&nenc unit
refmoving solution. A rinsing solution can renove the
spmprigingghe elkylaringtgraup hesta stesdtug(do form t he
interface layer. The interface |ayer is fornmed by heating
the shrink material coat edrphgtoresi st pattern at a

sui table tenperature for a iitable tinme. The interface

| ayer will increase the width[of the photoresist pattern.
Thus the space between two jnacent photoresist features
W Il becone smaller after the férnatlon of the interface
| ayer, and this narrower space Yan be used to define
smal l er features than the photpNe§|st alone. Figure 1
illustrates the process of us hg fhe shrink conposition.
The novel shrink material of pge present invention is
coated over the patterned photoresist and reacted with

Frer S 88 PR B ndRBrAd T F8Re G bR, 67RR08H L1 g6e k.
aml anfcelr ®OCy alifylera.tw &0Ped of ancarsong! (ﬁﬂpg&&dp/ WOmay be a

to 60 nm The reaction between the shrink coatin

beanehed | oralingarter fhéteorlkylese. 1 aner AinbeeimentelY Y bgygelected
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mdependietgly isetboted drorof meltlwl,plem;dr @sopyl apdrbutyl. Inhget ianother

3 _f?g %&r%'sr@“"" O{JS ?'%ﬁ%%%fwn%grg R and, Recare hydrogen,
Rg‘q@hgéﬁge'nad Chnet Olv bEH g‘?BB*I%ﬁé'F%}aﬁd)ﬂ’s' rH§¥] be selected

di nmen is the ween two adj acent
st methwi, sethwaprqpyl ahd MydnEngmpéas olempnemets thatanaybe used to

t t tt h k % Y
0B, PR aRsE S of "R R8BI it
diftéthplantaith Wethﬂ&ﬂlléﬂé@ﬁd dinfetApmitoprepypiethatMmpre. 80C
and 200C, preterably 90C and 190C, and nore preferably

bet

ot pl orePed I aied B hemoRR AR R ket SAN S sfflaire (1)

Tbg@plyommahalqmoompasesat least one rMhpomesicdunl ofmjruqtme @h and
%? Frlnk terlal that is nog.reacted with t ? invl
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moheﬁ@ra"n SssHel lenfibdirh@at fcﬂnﬂh\éaboﬁﬂ#éﬂ i theTeovee comipdsitidn, the
onpri ses an aqueous solution of a surfactant, which may

H’leftnh’-é MayoPRINPESE arundll afastiuciig/(3) and whiaast angdindi of structure (2),

sol vent. Exanples of an alkali are tetranmethyl anmoni um

hydr oxi de, tetraethyl amoni um hydroxi de, choline or

m xtures thereof. Water-m scible solvents as al so

descri bed previously are, for exanple, |lower aliphatic

al cohol s such as ethanol or isopropanol; nultifunctiona

al cohol s such as ethylene glycol, propylene glycol,

gl ycerol, or their nononethyl ethers, in particular

propyl ene gl ycol nononethyl ether (PGVE). Water-sol uble

noni oni ¢ surfactants and anionic surfactants were found

to provide good lithographic results. Exanpl es of

noni oni ¢ surfactants are ethyl ene oxi de/ propyl ene oxi de

polymers, term nated by al kyl, fluoroalkyl, or aromatic

groups. Anionic surfactants a%;o gave superi or

I'i thographi c performance, and“eXanples of such

surfactants are, salts of |onger-chain al kanoic acids,

such as | aurates, stearates, or heptanoates, salts of

al kyl or aral kyl sulfonic acids, such as |auryl sulfonic

acid, or varlously substltuted salts of sulfonlc acid
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Li t hogr aphi c eval uati on of pol y(DVMAEA-co-NVP) on ArF
phot or esi st, AZOAX2050P: M xi ng bake tenperature
variation for 90nm C H with 180nm pitch. A bottom
anti-reflective coating material (B.A R C, AZ@ArF-1C5D
(manuf act ured by AZ@ EM USA Corp, 70 Meister Ave.
Sonerville, NJ) S in coated on a silicon substrate
and baked at 200 seconds to prepare an
antireflective coatinpg layer of 0.037pmin thickness.
Then AZ@ AX2050P phot si st solution (a 193 nm

photor esi st manuf actur/éd\by AZ EM USA Corp, 70, Meister
Ave., Sonerville, spi n-coated on the bottom

anti - refI ective coat ed %é A.R C) silicon substrate. The
photoresist filmwas baked at 110C for 60 seconds to give
a thickness of 0.15pn{2)Then the photoresist filmwas
exposed on a 193 nm scanner (nunerical aperture of 0.78

ARdre; CRgetquascsreqhdep@ademwr@@ctéafofm RydRged aﬁmasetastwafatkw A
mask. After exposure, post - exposure ba

Gtselages fam aciagedmn, %@(@Ve@r@ga ord g Zoalkyiene: Ked axX Y,
P0IBT BB g 0B ol s B Pl st !

seconds orm a cont act

8% Selecttd 1B L5 CopiEng  Oh&ERe Ry BE AP lvihe Hire pond.

HRd mirtoded tereéfart of the second hole). The photoresi st
patterns were t hen observed on a scanning el ectron

g ISR R fr%ﬂ?' Ct1 *18 G é‘lkzléhehQhﬁ‘atﬁtétéﬁt@rto"@é‘ﬁﬂdy%e Rjirect bond,
m xture o
and Nyixtiunes ttyslrauﬁ noet hyl acryl at e- co- N-vi nyl pyrrol i done,

Pol ymer 4 from Table 1) and 0.2878 g of surfactant S-485
Zas Selkettetoiréths®y €Cax, antd Nanuf act ured by Air Products &
Chemcals, Inc. Allentown, PA) was dissolved in 48.7194 g

Wﬁe Cﬂﬂrégériedntémlr)g viagen str@cﬂfremarrﬂaﬁcdmplnsb dmt@rr mdre saturated
onposition. The solution was filtered using

m
bomd%roneneé meteungaiuratedopRnrgs, be am@atlemmattms thegeof. The

C i t 0
(ia e d AR, 55 e Zfiode Sind = uikiighe F7 BRRSIINRAed to as
ixsers be doriaychibe nwithin  $ine i priesent emvatt)onwaExarpplesedf dlhEO nitrogen
the previously photoresist tterned substrate an .
comtalig <Xt GUREMES be SRAouik RO Uakdaco N irolidone,

%ﬁr@é;afc‘?érﬁ B ORIRIIRE! Eibel Binke Bbirich R Maskfe . M xi ng

at 150C onds on a hotpl ate Subsequently,
the u n [ VRS
puddlg or ggaﬁg[égnéfsﬁghgmreﬁkse &f g@%&geéégn%% fon fo units
6 $tfesteret (2aypadi(BBnts were run using different m xing
bake tenperatures varying from 120C 160C for 60 seconds
in order to pronote a crosslinking reaction at the
i nterface between the photoresist and RELACS | ayer
wi t hout an additive, since the polyner is self
crosslinkabl e. Shrinkage is a neasure of critical
di mension (CD) difference of the contact hole dianeter
(CH or trench before and after the RELACS (shri nk)
process. The thicker the shrinkage or shrink interface
| ayer the greater the shrinkage of the photoresist
feature, and a larger shrinkage is nore desirable.
Shri nkage was neasured usi ng CD- SEM (scanni ng el ectron
m croscopy). The dianeter of the hole in the
phot or esi st/ RELACS pattern was,reduced by up to 24.4nm
fromits initial hole diameter®in the phot or esi st
pattern. It was found that there is a change in the
shrinkage (12nm 25nn) when bake tenperature is varied
from 120C -160C. The I|ithographic exanpl e as shown above
was carrled out for Polyners 1-6 and the detalls are
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where R to Rg are independently selected from hydrogen and C4 to Cs alkyl, and
moiety defined by X, Y, Z are as above in structure 2. The nitrogen containing
cyclic moiety of structures 2a and 2b, may comprise one or more saturated
bonds in the cyclic structure, one or more unsaturated 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,

T t{j‘ {(] Eﬁ
0y G O
.
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),
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where Rg is H or C4 to Cs alkyl and B is C1 to Cg alkylene. B may be a branched
or linear C4 to Cg alkylene. The group B may be ethylene, propylene or butylene,
and Ry may be hydrogen or methyl. One example of a monomer which provides
the unit of structure (3) is hydroxyethymethacrylate.

The monomer which provides the monomeric unit of structure (1) may be
copolymerized with other vinyl monomers, such as exemplified without limitation
by those of structure 2 and 3 and also exemplified by N-vinyl pyrrolidone, acrylic
acid, vinyl alcohol, methacrylic acid, N-vinylimidizole, acrylamide, allylamine,
vinyl triazines, 2-vinyl-4,6-diamino-1,3,5-triazine, diallylamine, vinylamine; N-
acryloylmorpholine, piperidinyl methacrylate; and bifunctional monomers such as
ethyleneglycoldiacrylate, and ethyleneglycoldimethacrylate. The polymer may
comprise a mixture of several monomeric units.

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 novel 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-dimethylaminoethyl 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).
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The polymer comprising the alkylamino group in one embodiment is free
of any aromatic moiety or absorbing chromophore, such as groups containing
phenyl moiety. The polymer or the composition does not absorb the radiation
used to image the photoresist which is coated beneath the shrink layer. The

composition may be free of a photoacid generator such that the composition is
not photoimageable.

The water soluble polymer can be made by any polymerization technique.
Bulk or solution polymerization may be used. Typically the vinyl monomers are
polymerized using a polymerization initiator, such as azo or peroxide initiators.
Examples of peroxide initiators are acetyl peroxide, benzoyl peroxide, lauryl
peroxide, cumenehydroperoxide, etc. Examples of azo initiators are
azobisisobutyronitrile (AIBN), 2,2’-diamidino-2,2’-azodipropane dihydrochloride,
2,2’-azobis[2-(2-imidazolin-2-yl)propane]dihydrochloride, 2,2’-azobis(2-amidino
propane)dihydrochloride, 2,2’-azobis[2-(2-imidazolin-2-yl)propane]dihydrochloride
and examples of persulfates are such as ammonium persulfates and potassium
persulfates. The polymerization can be carried 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
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lactate, lactones such as gamma-butyrolactone; amides such as N,N-dimethyl
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 (C4-Cg)alcohols, particularly, isopropanol, methyl alcohol, ethyl alcohol
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may be added. The solvent may be added to the composition at up to about 30

weight% or up to 20 weight% of the total composition.

Some additives which are added to the shrink material composition
comprising the polymer and water can be exemplified by aminoalcohols, such as
monoethanolamine, diethanolamine, triethanolamine, 2-(2-aminoethoxy)ethanol,
N,N-dimethylethanolamine, N,N-diethanolamine, N-methyldiethanolamine,
monoisopropylamine, diisopropylamine and triisopropylamine; amines such as
polyalkylenepolyamines, 2-ethylhexylamine, dioctylamine, tripropylamine,
tributylamine, triallylamine; and cyclic amines such as piperazine, piperidine, 1,4-
diazabicyclo[2.2.2]octane, N-methylpiperazine and hydroxyethylpiperazine.
Crosslinking agents such as any known crosslinker may be used as an additive,
like glycolurils, melamines, urea/formaldehyde polymers, etc. In one embodiment,
the coating composition does not contain a crosslinking agent, especially
melamine and urea based crosslinking agents. Crosslinking agents are not
necessary for the reaction between the polymer of the top coat and the
photoresist polymer, since it is believed but not bound by theory, that the present
invention 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 weight% of the solids. Free acids such as p-
toluenesulphonic acid, perfluorobutanesulphonic acid, perfluorooctanesulphonic

11
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acid, (x) camphorsulphonic acid and dodecylbenzenesulphonic acid may be
added to the composition.

Any known thermal acid generators and photoacid generators that are
water soluble may be added alone or as mixtures to the novel composition.
Suitable examples of acid generating photosensitive compounds include, without
limitation, ionic photoacid generators (PAG), such as diazonium salts, iodonium
salts, sulfonium salts. The thermal acid generator (TAG) used in the present
invention may be any that upon heating generates an acid which can cleave the
acid cleavable bond present in the invention, particularly a strong acid such as a
sulfonic acid. Preferably, the thermal acid generator is activated at 90°C and
more preferably at above 120°C, and even more preferably at above 150°C. The
photoresist film is heated for a sufficient length of time to react with the coating.
The free acid, photoacid generator and/or the thermal acid generator, may be
incorporated in a range from about 0.1 to about 10 weight % by total solids of the
composition, preferably from 0.3 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.

12
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An imaged pattern of photoresist is formed on a substrate according to
processes well-known to those skilled in the art. Photoresists can be any of the
types used in the semiconductor industry. There are two types of photoresist
compositions, negative-working and positive-working. When negative-working
photoresist compositions are exposed image-wise to radiation, the areas of the
photoresist composition exposed to the radiation become insoluble to a
developer solution while the unexposed areas of the photoresist coating remain
relatively soluble to such a solution. Thus, treatment of an exposed negative-
working photoresist with a developer causes removal of the non-exposed areas
of the photoresist coating and the creation of a negative image in the coating,
thereby uncovering a desired portion of the underlying substrate surface on
which the photoresist composition was deposited.

On the other hand, when positive-working photoresist compositions are
exposed image-wise to radiation, those areas of the photoresist composition
exposed to the radiation become more soluble to the developer solution while
those areas not exposed remain 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.

13
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Generally, a photoresist comprises a polymer and a photosensitive
compound. Examples of photoresist systems, without limitation, are
novolak/diazonaphthoquinone,  polyhydroxystyrene/onium  salts, capped
polyhydroxystyrene/onium  salts, cycloaliphatic =~ polymers/onium  salts,
cycloaliphatic acrylate polymers/onium salts, and fluoropolymers/onium salts, etc.
These photoresists are well-known for use at wavelengths ranging from 436nm
to 13nm. Any type of photoresist that is capable of forming an image may be
used. Generally, a photoresist is coated on a substrate, and the photoresist
coating is baked to remove substantially all of the coating solvent. The coating is

then exposed with the appropriate wavelength of light, and developed with a
suitable developer. ‘

Suitable device substrates include, without limitation, silicon, silicon
subsirate coated with a metal surface, copper coated silicon wafer, copper,
aluminum, polymeric resins, silicon dioxide, metals, doped silicon dioxide, silicon
nitride, silicon carbide, tantalum, polysilicon, 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

14
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opening can be trench or a hole in the photoresist patiern. 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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described previously are, for example, lower aliphatic alcohols such as ethanol or
isopropanol; multifunctional alcohols such as ethylene glycol, propylene glycol,
glycerol, or their monomethyl ethers, in particular propylene glycol monomethyl
ether (PGME). Water-soluble nonionic surfactants and anionic surfactants were
found to provide good lithographic results. Examples of nonionic surfactants are
ethylene oxide/propylene oxide polymers, terminated by alkyi, fluoroalkyl, or
aromatic groups. Anionic surfactants also gave superior lithographic performance,
and examples of such surfactants are, salts of longer-chain alkanoic acids, such
as laurates, stearates, or heptanoates, salts of alkyl or aralkyl sulfonic acids,
such as laurylsulfonic acid, or variously substituted salts of sulfonic acid amides,
or the partially or completely fluorinated derivatives of the above classes of
compounds. Ammonium, tetramethyl ammonium, tetraethyl ammonium, or other
alkyl ammonium ions are useful counter ions. The actual composition of the
removal solution is dependent on factors such as, the shrink material, 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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Once the desired narrow space is formed as defined by the process
described above, the device may be further processed as required. Metals may

be deposited in the space, the substrate may be etched, the photoresist may be
planarized, etc.

Unless otherwise indicated, all numbers expressing quantities of
ingredients, properties such as molecular weight, reaction conditions, and so
forth used in the specification and claims are to be understood as being modified
in all instances by the term “about.” Each of the documenis referred to above are
incorporated herein by reference in its entirety, for all purposes. The following
specific examples will provide detailed illustrations of the methods of producing
and utilizing compositions of the present invention. These examples are not
intended, however, to limit or restrict the scope of the invention in any way and
should not be construed as providing conditions, parameters or values which

must be utilized exclusively in order to practice the present invention.

Examples

The molecular 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)

L

N
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A mixture of N,N-dimethylaminoethylacrylate (DMAEA) (25.70 g, 0.1795 mol), N-
vinylpyrrolidone (NVP)) (19.95 g, 0.1795 mol), 6.85 g of initiator, azo-
bisisobutyronitrile(AIBN) and 97.50 g of acetonitrile were added to a 500mi round
bottom flask equipped with water condenser and nitrogen inlet. The initiator
concentration was 15 wit% relative to the total weight of the monomers. Other
solvents such as isopropylalcohol (IPA), 2-butanone and methanol can also be
used instead of acetonitrile. Nitrogen gas was purged into the solution for 30
minutes at room temperature with stirring. After the nitrogen purge, the reaction
solution was heated to 65°C. The polymerization reaction was carried out for 6
hours. After the completion of polymeriiation, the polymer solution was cooled to
30°C and concentrated using rotary evaporator. The concentrated solution was
precipitated in diethyl ether. Other solvents such as diisopropyl ether and
tertbutylmethyl ether may also be used. The amount of precipitating solvent used
was 7 times that of the initial volume of reaction. The final copolymer was
vacuum dried at 40°C and the yield was 70%. The copolymer (Polymer 3 in
Table 1) was characterized by NMR, GPC, and lithographic analysis. The weight

average molecular weight of the 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.

C NMR (CDsOD) data for Polymer 3: & 177.5ppm( >C=O, NVP) ; &
175.8ppm( >C=0, DMAEA); 662.9ppm (O-CH,, DMAEA); 658.3ppm (>N-CHo,
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-
CH3,NVP); 8 19.0ppm (-N-CHx-CHo-, NVP)
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Lithographic evaluation of poly(DMAEA-co-NVP) on ArF photoresist,
AZ®AX2050P: Mixing bake temperature variation for 90nm C/H with 180nm pitch.

A Dbottom anti-reflective coating material (B.A.R.C), 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 60 seconds to prepare an
antireflective coating layer of 0.037um in thickness. Then AZ® AX2050P
photoresist solution (a 193 nm photoresist manufactured by AZ EM USA Corp,
70, Meister Ave., Somerville, NJ) was spin-coated on the bottom anti-reflective
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 AZ EM USA Corp, 70, Meister Ave., Somerville, NJ), for 60
seconds, to form a contact hole (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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the unreacted shrink material was removed using DI water puddle for 60 seconds
and rinsed for 30 seconds. Different experiments were run using different mixing
bake temperatures varying from 120°C-160°C for 60 seconds in order to promote
a crosslinking reaction at the interface between the photoresist and RELACS
layer without an additive, since the polymer is self crosslinkable. Shrinkage is a
measure of critical dimension (CD) difference of the contact hole diameter (C/H)
or trench before and after the RELACS (shrink) process. The thicker the
shrinkage or shrink interface layer the greater the shrinkage of the photoresist
feature, and a larger shrinkage is more desirable. Shrinkage was measured
using CD-SEM (scanning electron microscopy). The diameter of the hole in the
photoresist/RELACS pattern was reduced by up to 24.4nm from its initial hole
diameter in the photoresist pattern. It was found that there is a change in the
shrinkage (12nm-25nm) when bake temperature is varied from 120°C -160°C.
The lithographic example as shown above was carried out for Polymers 1-6 and
the details are summarized in Table 1. Increasing the mixing temperature
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 pMAEA| NvP Forn:lsn::;:)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 8.5 134 | 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 | 48.72 | 119 136 | 200 | 24.4 NM
4 40 60 2.0 028 | 48.72 | 126 128 | 200 | 23.7 NM
5 30 70 2.0 028 | 48.72 | 14.0 17.4 194 | 23.4 47.4
6 20 80 2.0 028 | 4872 | 147 | 180 | 19.8 | 223 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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A  mixture of N,N-dimethylaminoethylacrylate (30.69 g, 0.2144 mol),
acryloylmorpholine (AMOR) (45.39 g, 0.3215 mol), 11.41 g of initiator, azo-
bisisobutyronitrile (AIBN) and 162.5 g of acetonitrile were added to a 500ml
round bottom flask. After a nitrogen purge, the reaction solution was heated to
70°C. The polymerization reaction was carried out for 7 hrs. The concentrated
polymer solution was precipitated in diisopropylether. The amount of precipitating
solvent used was 8 times that of initial volume of reaction. The final copolymer’
(Polymer 9) was vacuum dried at 40°C and the yield was 75%. The copolymer
was characterized by NMR, GPC, and lithographic analysis. The 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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Table 2: Polymerization Data and lithographic evaluation of copolymers

(DMAEA/AMOR) on AZ®AX2050P (90nm 1:1 CH resist)

Formulation Shrinkage (nm)
Polymer DMAEA | AMOR Pol *S485

(mol%) | (mol%) °(‘$’er @ |20 (@] 120°C [130°C | 140°C f150°C| 160°C | 170°C
7 60 40 2.0 028 | 4872 | 85 | 98 | 138 [ 147 ] 178 | 226
8 50 50 2.0 028 | 4872 ] 139 | 16 | 182 | 181 | 215 | 496
9 40 60 2.0 028 | 4872 | 135 | 171 | 191 | 105 | 25.1 | 458
10 30 70 2.0 028 | 4872 14 | 148 17.8 [ 206 | 253 | 38.9
11 20 80 2.0 028, | 4872 | 108 | 11.4 | 141 | 174 | 215 | 28.9

* 5485 : Surfactant 5 wt % in DI Water (manufactured by AIR products & Chemicals, Inc.);
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Example 3: Synthesis of Poly(acryloylmorpholine-co- N,N
dimethylaminoethylacrylate-co-vinylcaprolactam)

E]: j{)\/}{{j

@3@

A mixture of acryloyimorpholine (22.81 g, 0.1615 moal), N,N-
dimethylaminoethylacrylate (29.30 g, 0.2046 mol), vinylcaprolactam (VCL) (23.98
g9, 0.1723 mol), 11.41 g of initiator, azo-bisisobutyronitrile (AIBN) and 162.50 g of
acetonitrile were added to a 500ml round bottom flask. The experimental setup,

reaction conditions and isolation process after the reaction were the same as in
Example 2. The final copolymer (Polymer 22a) was vacuum dried at 40°C and
the yield was 78%. The copolymer was characterized by NMR, GPC, and
lithographic analysis. The weight average molecular 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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The lithographic evaluation was carried out for Polymers 12-22d as shown in
Example 1 and the details are summarized in Table 3. Increasing the mixing
temperature increased the shrinkage of the hole.

Table 3: Polymerization Data and Shrinkage performance of
poly(AMOR/DMAEA/VCL) without additive on AZ 2050P (90nm 1:1 Contact Hole

photoresist)
polymor AMOR DMAEA veL Formulation Shrinkage (nm)

(mot%) | (mol%) | (mot%) |poiymerig] *Additive @] H20(g) | 1200c | 130°c | 1avc | 1s0°c | 1e0°c | 170°C
12 50 40 10 18 0.0 568.92 11.3 111 16.0 144 15.8 238
13 50 30 20 18 0.0 58.92 134 145 128 157 19.4 27.3
14 50 20 30 18 0.0 56.92 125 13.0 137 16.0 19.3 338
15 80 10 10 18 0.0 58.92 NM NM NM NM NM NM
16 40 43 17 18 0.0 58.92 NM NM NM NM NM NM
17 30 24 46 18 0.0 58.92 NM NM NM 223 NM NM
18 30 46 24 18 00 58.92 NM NM NM 16.8 NM NM
19 30 60 10 18 00 5892 17.9 202 372 NM NM NM
20 54 23 23 18 0.0 58.92 18.1 19.4 30.1 187 NM NM
21 30 10 60 18 0.0 58.92 187 17.5 25.0 24.1 NM NM
22a 30 38 a2 18 0.0 58.92 17.9 NM 202 NM 372 NM
22b 30 38 32 18 09 58.10 18.4 NM 19.4 NM 30.1 NM
22c 30 38 32 18 18 57.26 137 NM 175 NM 25.0 NM
22d 30 as 32 18 27 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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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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The lithographic evaluation was carried out for Polymers 23-28 as shown in
Example 1 and the details are summarized in Table 4. Increasing the mixing
temperature increased the shrinkage of the hole.

Table 4: Polymerization Data and Shrinkage performance of
poly(AMOR/DMAEA/VCL) on AZ 2050P (90nm 1:1 Contact Hole photoresist) at
140°C and 150°C mixing bake.

AMOR DMAEMA Formulation Shrinkage (nm)
Polymer VCL (mol%)

(mol%) (mol%) Polymer (g) H20 (g) 140°C 150°C
23 30 24 46 1.8 58.9 18.1 21.9
24 30 46 24 1.8 58.9 12.1 19.0
25 30 60 10 0.0 0.0 NM NM
26 54 23 23 1.8 58.9 18.9 225
27 30 10 60 1.8 58.9 19.9 24.1
28 30 38 32 1.8 58.9 156.3 21.3

NM : Not Measured.

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

- }{{]‘
f &

/\

A mixture of N,N-dimethylaminoethylmethacrylate (55.09 g, 0.3847 mol),
\)inylimidazole (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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NMR, GPC, and lithographic analysis. The weight average molecular weight of
the polymer was 18, 350 (Mw) and polydispersity was 2.2.

3C NMR (CD3OD) for Polymer 34: & 175.4ppm( >C=0, DMAEA); 6138.3ppm
(CH-N-CH-N-CH-, imidazole group); 0130.3ppm (CH-N-CH-N-CH-, imidazole
group); 6118.3ppm (CH-N-CH-N-CH-, imidazole group); 062.7ppm (O-CHo,
DMAEA); 858.5ppm (>N-CH,, DMAEA); 8 45.7ppm (-N-CHs, DMAEA); d 42.0-
34.0ppm (main chain -CH, CH, of VI & DMAEA, overlapped).

The formulation using Polymer 29 was the same as example 4 (1.8g polymer and
58.99g water). Photoresist and RELACS lithographic process conditions were the
same as Example 1. The composition with Polymer 29 without any additive
showed a hole shrinkage of 8.4nm at mixing temperature of 120°C, 12.0nm at
mixing temperature of 130°C, 15.4nm at mixing temperature of 140°C, 18.3nm at

mixing temperature of 150°C and 19.9nm at mixing temperature of 160°C for
90nm 1:1 contact hole.

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

Ty
o X

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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yield was 75%. The copolymer was characterized by NMR, GPC, and
lithographic analysis. The weight average molecular weight of the polymer was
16,248 (Mw) and polydispersity was 2.0.

®C NMR (CDsOD) of Polymer 30: & 175.4ppm( >C=0, DMAEA); &
167.2ppm( >C=0, HMEA); 867.5ppm (O-CH,, HEMA); 560.6ppm (HO-CH,,
HEMA); 862.5ppm (O-CHz, DMAEA); 558.2ppm (>N-CH,, DMAEA); & 45.8ppm (-
N-CHs, DMAEA); & 42.0-34.0ppm (main chain -CH, CH, of VI & DMAEA,
overlapped). 6 19.1ppm (-CHs,main chain, HEMA).

The formulation using Polymer 30 was the same as example 4, (1.8g polymer
and 58.9g water). Photoresist and RELACS lithographic process conditions were
the same as Example 1. Composition with Polymer 30 without any additive
showed a hole shrinkage of 17.5 nm at mixing temperature of 140°C for 90nm
1:1 contact hole. |

Example 7a: Defect inspection of poly(DMAEA-co-NVP/(40/60)), by KLA

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 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 patterns were then observed on a
scanning electron microscope.

28



Exanpl e 5: Synt hesi s of

Pol y( N, N-di net hyl am noet hyl net hacryl ate -co-

vinylim dazole) A mxture of

N, N- di et hyl ami noet hyl net hacryl ate (55.09 g, 0.3847 nol),
vinyl i m dazole (36.21 g, 0.3847 nol), 13.7 g of
initiator, azo-bisisobutyronitrile (AIBN) and 195 g of
acetonitrile were added to a 500nil round bottom fl ask.

TABtgHtinRi ctcramggnnatm@e madie as daCTdLE 1Sasikgi Rélymwas maadseépplced
65C, Tgwgg nmerization reaction was carried out for

oS the M e pattenpad SubSisicnm fay SaRTI0 fin Hodka dhigkrass of
100AMSAEWRS SUAEREE 13- hemqrefdtm@ht acaqumn@r béféalatrﬂooé%r 60

was vacuumdried at 40C and the yield was 75%
seeRyslsy Pbibseduerilys e abriak meéarlaiwawmnowtusxagd)l water puddle

U SSSBEIRR GRS L e

uaing K1.A23608 (iXbRsZEMBABINT (hafofayiueed By: KBAl'Vém@mrm(ﬁ.)) in the

>C-=0 EA): 6138.3 CH N- , Iimd |

TRy S oA o St it LS whor e
defets |s'3h§[fa(;§&|hlblecibbt'\hrgd1h ticaN Qﬂ&@@é‘—ll@é Qjélf’éot @%e@@r’iﬁce The

0- CH2, DI\/AEA) 658. pm(>I\I-CH2 DVAEA): 6 45.
%mmjpees gAglloveedyior @he sqmarﬁﬂvermawn@h awhere@w p@@CbAZCR)
T 2

Az RS bR 1RO CSBTIARLSDY SHhEl 2R
V@h’dﬁﬂde@ the wmmmn 1 Théndgfemphata israuoemarizech i ﬂ'ablasﬁ The

The co osifion w
S5, R P oA e B8 el SRR R b ahetledls ParldR e
data furthenghowep eiatttiere Wéreh&QQnudiQe Ql@féo@é. m xi ng
tenperature of 130C, 15.4nm at m xi ng tenperature of
140C, 18.3nm at m xi ng tenperature of 150C and 19.9nm at

Ema?ﬁ 7b€ (27000 tget
"“]Qes T B T TR deRE, £ 1B ogrm

Q!Hﬁ’é hiBQmh diebhy| net hacryl ate) [ A nixture of
hydr oxyet hyl met hacryl ate (36.23 g, 0.2784 nol),
A aeli-redeatjyeaoaiing material, h%@ﬁrﬁt@%@%&ﬁu@ctﬂedb&&&ﬁl\l) USA

iy ZoEMA D e SR SR BN AN e

andurakedaitt 200°0 f8160sTieprepacd aorartivtdiictctive veating of 0.037um in

BRI TEBnar AXERRIP Sitaiecist THOKES (maBackER HILAZ EN

@Wfﬂﬂrﬁ G0, Msister R)e. C SRpherOME, f\B?\Né@rspﬁpéoeW@tﬁ NG Bottom
dried at 40C and the yi el d was % _The copol yner was

apHrelgeliver porigddB- At -R) sd;pgn saihgtraget @grmmﬂ@sm dilnpsvas baked

aTh‘FO‘V@\‘c?m% %ﬂdﬁ&q?%véggb@( (i’}/\éaé \Agig iggmt H%&“ﬁlk%%&%%ft film

Wwsfs exploged on3) 198 nhry Scapar(noiGetcal RisRre o6 0 B7arkppotierence of

O@%m&%&?@&&%y%{)ﬁﬁam HEMA) /-‘-Z’c%g @%{prle_,g% wafer was

pBMbéﬁs)osuﬁe Bék&PBﬂﬂ 16°G\|fcﬁ|'6b se@l‘dﬁaé\)andﬁié/%l e@“u WZ@BZGTMIF

@L] E)H CfHZ & DVAEA, overl ags/;19
Qev PRE aEHépwreﬁEM«‘)ZEMHéSAcﬁqmﬁa? igter Agepﬁom@wﬂlgoNJ)
9

R Py o R o PR 4 EN ol ole e RTINS pMdmefor g sonm with

186nmi piteins Ther photasesisimpaiterrBx avgrbethen Cbepvedt bpnawsdtanning
hout any additive showed a hol e shrinkage

e(%} r%%lcﬁ)%cgk)&m xi ng tenperature of 140C for 90nm 1:1

contact hole. Exanple 7a: Defect inspection of

pol y( DMAEA- co- NVP/ (40/60)), by KLA An anti-reflective

coating material, AZ(r) ArF-2€5D (manufactured by AZ EM

USA Corp, 70 Meister Ave., Sonerville, NJ) was spin

coated on a silicon substrate and baked at 200C for 60

seconds to prepare an anti-reflective coating of 0.03711m

g R P — N 7 I\ VA Y aYalmtal o) B P T S T P | I T



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 200C for 60s to prepare an anti-reflective
coating of 0.037p.min thickness. Then AZ@ AX2050P

phot oresi st sol ution (manufactured by AZ EM USA Corp, 70,
Mei ster Ave., Somerville, NJ) was spin-coated on the
Thetshank a;oatmgfmmenalvmade asdd TdBlA3Riging Folymemezn) hedy apslied

ofRC bRl BN StnoteyeSt! opibe HheRnesinob s shels B iaen dhen.

Ths pobstatenwas 06jedfBRANE "trdaﬂHHﬁf{ i ©2miRiRg 'Ha‘lkéFaPiS@’d for 60
and co%erence of 0.9) usin 6% att enuat ed phase shif

Usegupply;r the tlnr@amﬂeshml@ npﬁtgtlalewgasr@mvsdkwngtm
6 0 d Y, 2
N PO o 86 D SE orl 18 A P AL asORISC TR jipo bake

tooeeratuse sy vatied frivg) 166%-180°G B secdmdsf iororder toproawte a
. ' d f

o) s6ARitf L i Byl b8twen, ton BbPlolbisianst Shud Fvsr

sahalgra%elms a;nmemegﬁlcnn&ﬂmz.g%hsmh (Gmttlﬂlﬂéijdﬁ%b?iﬂtﬁé cORERt Adle
able 3. u ol yner was ied onto

(G BF Eencin hedries jasl avar e hMekre©soBs. fhe dRfachidata is

shinkiBnsea H0FaBle Bhahaulsihr ?amsgs%m I‘g.% B&@E!e defects
for Seco

treatnment (i.e. mxing bake) at 1

obgyed u\@fellly the gecepiableorade shre datanfariber showed thadtberedwere
nHShNAH é?%&t@r puddl e for 60 seconds and rinse for 30
secon e m xing bake tenperature was varied from

160C- 17OC for 60 seconds in order to prormte a

critical dinension (CD)r |Sif1':y fdh of the cont act hoI e
(CH or trench before an e shrink process. The
defeet—dat-ats—sumrarized 'n Tab| e 5 The data in Table 5

shows that| the partlicle defects observednmdersdefactt he
a(.a\n:ptgah&ee ?ﬂ e’ Threotalatsal f wetdeer showed that there were
e

ize

ng smudge defects. |Table 5| Defectip tﬁ"""sﬁf‘r a_lofU"BPsAES| on
A Contact! Hole res| é“f1 1S¥‘f'leuj tMER | WF2
M| xi, pg Bake e/ L el N payinza Photor psi st| RELACS
140 /6 0 p 2 17
Nunber of De gae.tcs (A{po séfdm&h'ek)pnosed WF1 4
Example 7b AZ
130°C/60" 90nm C/H, AX2050P R607 5 0 3 4
180 pitch (ArF)
Example 7b AZ I 29p
150°C/60" 90nm C/H, Ax20s0p | BOVIS S 2 16 1 3
180 pitch (AF) (from Table 2)
Example 7b AZ polymer 22b
170°C/60" 90nm C/H, AX2050P
1&;" pitch (ArF) (from Table 2) 13 9 18 11
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WF2 W1 WF2 140C/ 60" Exanple 7a 90nm C' H, 180 pitch AZ
AX2050P (ArF) polyner 4 (from Table 2) 6 2 11 4 130C 60"
Exanmple 7b 90nm C/H, 180 pitch AZ AX2050P

Claims

1. An aqueous coating composition for coating a photoresist pattern,
comprising a polymer soluble in water and comprising at least one unit with an
alkylamino group, where the unit has a structure (1),

Ri Rs

where, Ry to Rs are independently selected from hydrogen and C¢ to Cg alkyl,
and W is C; to Cg alkylene, further where the composition is free of carboxylic
acid group.

2. The coating composition of claim 1, where the polymer further comprises
a monomeric unit of structure 2,

where, Rs to Rg are independently selected from hydrogen and C4 to Cs alkyl, A
is selected from a single bond, O, C(O), (C=0)0O, C; to C4 alkyl;

X, Y, Z and N form a cyclic structure, further where, X is selected from C;to Cg
alkylene, unsaturated C to Cg alkylene, direct bond, and mixtures thereof, Y is
selected from C4 to Cg alkylene, unsaturated C; to Cs alkylene, direct bond, and
mixtures thereof, Z is selected from O, C(O), and N, and N is nitrogen.
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(ArF) R607 5 0 3 4 150C/ 60" Exanple 7b 90nm C/' H, 180
pitch AZ AX2050P (ArF) polyner 2213 (fromTable 2) 2 16 1
3 170C/ 60" Exanple 7b 90nm C/ H,

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

R+ Rg Ry Rg
f N\
Y
/ ../

where, Rs to Rg are independently selected from hydrogen and C4 to Cg alkyl,

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

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

E]j* b3 &3 &3

(@)
5. The coating composition of claim 1, where W is ethylene.

6. The coating composition of claim 1, where the composition is free of
amido groups.

7. The coating composition of claim 1, where the polymer is free of amido
groups.
32



190 pitch AZ AX2050P (ArF) pol ymer 22b (from Table 2)
13 9 18 11 dains 1. An aqueous coati ng conposition for
coating a photoresist pattern, conprising a polyner
soluble in water and conprising at |east one unit with an

8l kyl TRknsdatih LmepM’B?t'@ bhelaifi 1, itesreahetgolpher eurtHer, coMprises
1R5 (1) v\,hereg Rl to R6 are |ndependentlyﬂsel ected f ronz}d“S

aynewaﬁrlgualtcgistruc@@e@kw and Wis Cl to C6 al kyl ene,
further where the conposition is free of carboxylic acid
group. 2. The coating conposition of claim1, where the
pol ymer further conprises meric unit of structure
2, where, R6 to R8 are independently selected from
hydrogen and C to C6 al kyl, A=c selected froma single
bond, 0, C(0), (C=0)0, Cl1 to @et alkyl; X Y, Z and N
forma cyclic structure, further where, X is selected
fromCl to C6 al kyl ene, unsat&%ated Cl to C6 al kyl ene,
direct bond, and m xtures thec&bf3 Y is selected fromCl
to C6 al kyl ene, unsaturated G to &6 al kyl ene, direct

bond, and m xtures thereof, Zis selected fromO, C(O0),
wheraB iakh t GealkylenegBais H or C to Cg alkyl.

9. The composition of claim 1, where the composition further contains a

water miscible solvent.

10. The composition of claim 1, where the composition further contains a
water miscible solvent selected from (C4-Cs)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 monomethyl ether acetate,
and propylene glycol monoethyl ether acetate.

11. The composition of claim 1, where the composition further comprises
additives selected from surfactant, aminoalcohol, amine, C4-Cgalcohol, photoacid

generator, crosslinking compound, thermal acid generator, and free acid.

12.  The composition of claim 1, where the composition is free of a crosslinking

compound.

13.  The composition of claim 1, where the composition is free of a photoacid

generator.
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3. The coating conposition of claim2, where the nononeric
unit of structure (2) is selected from where, R6 to RS

are i ndependently selected from hydrogen and Cl1 to C6

alkyl, X, Y, Z and N forma cyclic structure, further

where, X is selected fromCl to C6 al kyl ene, unsaturated

Cl to C6 al kyl ene, direct bond, and m xtures thereof, Y

4. seAqupeess fasmanufastudpg A migreelectranis dayiag samMprising; c6

al kyl ene, direct bond, and m xtures thereof, Zis

sel ecapd f pooviding @ 9)bstrdte with a\phatorgsistapttern;4. The

coating conposition of claim?2, where the nononeric unit

of stpyctuceatir) itise sphetdresis r patterrb. withe apataquieous coating
conmposition of cl ai rP 1, where Wi s et {%Igne. 6. The

coating coRP®PPEItGR TaF ceating,d phofgiesist PALCIN, FRBWIMISINGHA ROlymer
free of am p Ji#h0 htrd '

1, “aner et RATBAPPIES ekt NG GREMIRGAR MRASIIAS Brélip, WRLFE the
coati ng conpibbiasiaostrudturd @)m 1, where the pol yner further
conprises a nononeric unit of structure (3), where Bis

Cl to C6 alkylene, RRjrg_Hor ClL to C6 alkyl. 9. The
conmposition of claim there the conposition further
contains a water mscrblg solvent. 10. The conposition

of claiml1, where the ¢ osition further contains a

wat er mscible sol vent9sel®cted from (G -C8)al cohol s,

diols, triols, ketones, ed¥ers, |actates, am des,

et hyl ene gl ycol nonoal kyl ret hers, ethyl ene gl ycol

monoal kyl ether acetate,RN st hyl pyrrolidone, propyl ene

gl ycol nononet hyl ether, propyl ene glycol nonoethyl

et her, propyl ene gl ycol mbhonet hyl ether acetate, and

propyl ene gl ycol nonoethyl ether acetate. 11. The

BBRER: 648 Rrored (RePetreliE8ierif BT RRbiaeh aHd Cfo co alk
aft Walscohed Ceadlkyiene Clurfieralissreothe gdrapesitionl igérer ef oarboxylic
crosslinking conpound, thermal acid generator, and free

aeiddgroup2. The conposition of claim 1, where the
conposition is free of a crosslinking conpound. 13. The
conpos) t i oreastingl ai pottjonwadr thet [veatiogpateriainin sontag with the

a phot oaci ner. [ 14. A process for manufacturing a
m croel ect Sgﬁﬁ’égﬂgtﬁ%@mcowpri si ng;

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

a removal solution.

15.  The process according to claim 14, where the substrate is heated, thereby

causing a reaction of the coating material with the photoresist.

16. The process according to claim 14, where the removal solution is an

aqueous solution comprising a hydroxide base.
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a) providing a substrate with a photoresist pattern; b)
coating the photoresist pattern with an aqueous coati ng
conposition for coating a photoresist pattern, conprising

a polymer conprising at | east one unit with an al kyl am no

47 oupThermoeesh@coaidingids caist ride twhere(the, rerapnal esolation durther
R5 ar.e inde endent.é sel ected from hydrogen and C1 to C6
‘é‘P”IZ'?r',se%ﬁd"%ﬂ'@'ﬂ I\éoso&erﬁ1 kyl ene, further where the
conposition is free of carboxylic acid group. c) reacting

a portion of the coating material in contact wth the

pBot o beipsocesst ofeclaim di4,rwhverei thg rhqieriesisd soBTPrisRE & palymey and
rrathe i al which &s not reacted with a renoval solution.

1% °i9?e°'$9898@§ according to claim14, where the

substrate is heated, thereby causing a reaction of the

coating material wth the photoresist.  16. The process
A8cor AMn@aueods acaating oprapestian: fogBoaling ot upheteresist pattern,

S S [ r [ . T
BotBRL DS Sile oS AT bR 1T BURERE PR ot padt ork it vt
anrdikgamimorgroge of atroatuee -(1) aodbhteleast vaatmondd®eri€hanit selected

rocess of claim 14, where the photoresist conprises a

E’QWmar and a photoaci d generator. 19. An agueous

coati ng conpostion for coating a photoresist pattern,

conprising a single polégmr, where the pol yner conprises
n

EEi t oneﬁ:ﬂpﬁ W th yl aﬁ}u@" roup of structure
(1)) and at | east —one no c uni | ected from and
wh struct D is, RR?'V ® RAR5 (1) where,
RLnt o RS are i ndependen yjéel ect'ed from hydrogen and Cl
t[o al kyl Nand Wis Cl d 6 al yl'ene, further where

t % onposition is free of carboxylic acid group.

and where structure (1) is,

R; “Rs
(1)

where, Ry to Rs are independently selected from hydrogen and C4 to Cs alkyl,
and W is C4 to Cg alkylene, further where the composition is free of carboxylic

acid group.
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