UNDERLAYER COATI NG COVPCSI TI ON AND PROCESS FOR MANUFACTI URI NG A

M CROELECTRONI C DEVI CE The present invention relates to an absorbing
under | ayewoeogyiongsconposi ti on conprising a pol ynmer, whete/asiapabiyzrer
conprises at |east one am noplast group and in the backbone of the pol yner
at | east a substituted or unsubstituted hydroxyaromatic with pendant fluoro
or iodo noiety. The invention also relates to a process for form ng an

i mge using the absorbing underlayer conposition. The process is especially
useful for imging p IS LN iation ip t deep ultraviolet,
100- 260 nm (DWV) an@%%%%%ﬁﬁ%%&&%ﬁ%ﬁ%ﬁm% r egi on. |
Phot oresi st conpositions are used 1n mcrolithography processes for nmaking
m niaturized el ectroni c conponents such as in the fabrication of conputer
chips and integrated circuits. Generally, in these processes, a thin
coating of filTheofprasgmotinrasdiont releigsodot iaon absofingt upggrldyed coating

substrate er.t al s silj.can r f. i i nt egrated
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energy are radi ation types commonl y used today in mcrolithographic
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trend towandsEUM)eegiomi at uri zati on of sem conductor devices has led to the
use of new photoresists that are sensitive to | ower and | ower wavel engt hs

of radiation gntbtb@sist! cmpayitidre e wsel of mPdlithdgraphg dprdoksddse Vel
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absor bi ng_under| ayers coafed between the photoresist and the substrate is a
Tty deo T PakeE FRARILSTIGE FrBRoUBs SIS NPRHOGISTIAR 40 f6t FORGmMSS of t he
phot or esi glposhRetoFiaB¥ROSUr e source conprises not only the predom nant
13.5 nmradiation but also smaller conponents of out of band deep uv

radi ation in thigs tARSROPEXIAMCHAS A0 RRENA tRERARLIGAG I8 bRpdke Nm It
is desirable that the underlayer absorb not only 13.5 nmradi ati on but al so
t he out odrepard thadéqatedsarface. 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.

The trend towards the miniaturization of semiconductor devices has led to
the use of new photoresists that are sensitive to lower and lower wavelengths of
radiation and has also led to the use of sophisticated multilevel systems to

overcome difficulties associated with such miniaturization.



Absorbing antireflective coatings or underlayers in photolithography are
used to dimnish problens that result from back reflection of light from

hi ghly r evbeotimes2substrates. An antireflective coati ngpcoasad2/b@oeat h a
phot oresi st and above a refl ective substrate provides significant

i nprovenent in |ithographic performance of the photoresist. Typically, the
under | ayer coating is applied on the substrate and then a | ayer of
photoresist is applied on top of the antireflective coating. The underl ayer
coating is cured to prevent interm xing between the antireflective coating
and the photoresis ho ore ew and devel oped.
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form ng a mask for etching the substrate. The novel osition enables a
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Summary of the Invention The present invention relates to an

under | ayer codiisepine randiseftactve (?@ﬁ'bﬁg%loﬁg-"ﬁieﬁéy?rﬁe'ln phptelithogrphyodigner
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Brief Descri re 1 ustr ﬁxanpl es
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ani nopl asferfPmenBs Bfthstpheedresies Bypidally Firauuadetdy@nsosnagii isppeedopl es of
am nop| ast'hg substrate and then a layer of photoresist is applied on top of the antireflective
coating. The underlayer coating is cured to prevent mtermlxmg between the
antireflective coating and the photoresist. The photoresist is exposed imagewise
and developed. The antireflective coating in the exposed area is then typically
dry etched using various etching gases, and the photoresist pattern is thus
transferred to the substrate. Multiple antireflective layers and underlayers are

being used in new lithographic techniques.

The present invention relates to a novel organic spin coatable underlayer
composition which is capable of absorbing the radiation used to expose the
photoresist and reducing substrate reflection. The film formed from the novel
composition is placed between a photoresist layer and the substrate and forms

an EUV underlayer and/or deep uv antireflective film. The novel composition is



Figure 4 illustrates exanples of phenolic conobnoners. Figure 5 shows
exanpl es of the novel polyner. Figure 6 shows specific exanples of the
novel polwoeni12/ergeare 7 shows nore specific exanpl es of pCmasrowedo2sol yner
Figure 8 shows exanpl es of secondary polymer. Detailed Description of the
| nventi on The present invention relates to an absorbi ng underl ayer
coating conposition conprising a novel polyner capable of crosslinking,
where the pol ynmer conprises at |east one hydroxyaromatic unit (A) in the
backbone of the polynmer which has a group conprising a fluoro or iodo

noi ety pendant, from.t he hydraxyaro | ¢, moi et. nd. at | east. one. unit (B
Conpr | s/ il farrEud noasy ART A SheprabRE Rk ppne - (°
substi t ut @d. subi&raftdVEle ROVSINBIMPEItidIE ehBbles I HFBbU NklYkeirardier froMetid on al so
relates to a process for imaging a photoresist |ayer coated above the novel

ant i r ef | eRqtoresisb 4@ ithyy svbstete s and atso redupes reflactiens andypiapces Pattesy  Euv

I thogr apyhster. Additionally, substantially no intermixing is present between the
antireflective coating and the film coated above it. The antireflective coating also
has good solution stability and forms films with good coating quality, the latter
being particularly advantageous for lithography. The novel composition forms a
film which has low out-gassing, has good planarization property, protects the
substrate from possible damaging EUV radiation, prevents contamination from

substrate poisoning, has good adhesion and improved etch selectivity.

Summary of the Invention

The present invention relates to an underlayer coating composition
comprising a polymer, where the polymer comprises at least one
hydroxyaromatic unit in the backbone of the polymer comprising a fluoro or iodo
moiéty, and at least one unit comprising an aminoplast. The invention further

relates to a process of imaging the novel composition.

Brief Description of Drawings

Figure 1 illustrates examples of the absorbing hydroxyaromatic monomer.
Figure 2 shows examples of aminoplast monomer of structures 4-11.
Figure3 shows specific examples of aminoplasts.

Figure 4 illustrates examples of phenolic comonomers.

Figure 5 shows examples of the novel polymer.

Figure 6 shows specific examples of the novel polymer.

Figure 7 shows more specific examples of the novel polymer.

Figure 8 shows examples of secondary polymer.



The novel antireflective conposition of the present invention conprises a
novel polynmer which is capable of absorbing EUV radiation efficiently and
i s capablwoabixmweoss!| i nki ng, such that the coating, fornmedriBmre/bive3
conposition after crosslinking, becones insoluble in the solvent of the
material coated above it. The polyner of the novel coating conposition is
capabl e of self-crosslinking or the conposition nmay additionally conprise
an external crosslinking conpound capable of crosslinking with the novel
pol ymer. The conposition may optionally conprise other additives, such as
t her mal id. eratqrs, ot oaci.d generators, surfactants other secondar
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of the novel olgner may be of structure 1, Cﬂgl) )
(A) in the backbone of the polymer comprising a hydroxyaromatic group selected

from a substituted phenol, unsubstituted phenol, substituted naphtho! and

unsubstituted  naphthol, substituted  hydroxyanthracene, unsubstituted

hydroxyanthracene where the hydroxyaromatic group has a pendant group



where, Rl is selected fromiodo noiety and fluoro noiety, R2 and R3 and

I ndependently selected froman iodo noiety, a fluoro noiety, hydrogen,

hydr oxyl ,wOGatdyskyl , hydroxy( G - C4)al kyl O0Cl- C4al kyl pct@stit/ao234) al kyl ,
Cl- Cdal kyl (G -C4)al kyl, Cl-C4al kyl (C=0) (C1-C4)al kyl, and

C(0)0(Cl-4)al kyl and the like. An iodo noiety and fluoro noiety can be I,
F or an organic group conprising at |east one of | and F. The organic group
conprising F may be sel ected from Cl- C4f | uoroal kyl, Cl-C4

hydr oxyf | uor oal kyl , OC1- CAf | uor oal kyl C(0) (Cl1-C4)fl uoroal kyI

C(0)0o(C1- C4 fl uoroal kyl, etc.., where the f{luoroal k a drocarbon chal n
ahi £h ey BRSNS & SIS P 89 ORbA A of neit e Vi oEn selRigre 2

M xt ure oimfrlopist. TEh) dhé W H I Ardpeat ANt tApWhtdne.sqarth@rbabaBdfrmmmhef urt her
exanpl es of iodo noiety and fluoro noiety are |, C(0)- CF3, CF2CF3,

CF2CHF2, Rkstymer G(L@Fi@mlat leash PpE dBiose Onzo%mqt@yame |hMG@e$é%@€|"ﬂtlcyU'}4 F l,
CH3, OH,

Specific @%gna ﬁﬁi&g@é’ Wﬁt%ﬁ“@%%?%xwé {Igé{'g} and R3

are |, F, mGdy, G}ylﬁro@-,l, (Ce@yakiB, laytitoRy(ChiZC4)alkyloreCelhalyline(@sORE1and R3
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f uoro moc;)bhk | An lodo m&ietynBie fiedrof memstyi é b@ledt@dtfrdmtlfbrtmétt@é}féw| ic
uni t int %ner backbone is derive be described by structure

(2) V\/nered'FQPHYIi&thfh ydrpeyaipeatis namgtyr(ﬁﬁ%aﬁpéﬁn@w Raphthahhgdgocarben R3

containing iodine or fluorine, functionalized hydrocarbon containing iodine or
fluorine, where the funtionalization is ether, keto, ester, etc. Examples of an
iodo moiety and fluoro moiety are |, F, C4-Cyfluoroalkyl, C4-C4 hydroxyfluoroalkyl,
OC;4-Csfluoroalkyl C(O)(C4-Cy)fluoroalkyl, C(O)O(C+-Cy)fluoroalkyl, etc., where
the C4-Cyfluoroalkyl is a hydrocarbon chain which may comprise only fluorine
pendant from the carbon backbone or a mixture of fluorine and hydrogen
pendant from the carbon backbone; further examples are I, F, CF3, C(O)-CFs3,
CF,CF3 CF,CHF;, OCF3;, C(CF3),OH. Examples of other substutuents on the
phenolic ring are F, |, CH3, CoHs, OH, CF3, C(O)-CF3, C(O)-CHj etc..

The fluoro or iodo moiety of the polymer is capable of absorbing the EUV
radiation efficiently. In the novel polymer a strong EUV absorbance is induced by
attaching iodide or fluoride in close proximity to a secondary electron sensitizer
such as the hydroxyaromatic, for example a phenol. The secondary electrons
generated by the absorption can cause the formation of an acid from the
photoacid generator in the photoresist and so further improve photoresist
photosensitivity and pattern profile. The EUV absorbing antireflective underlayer
may also help to reduce footing and scum at the photoresist/underlayer interface,
also improve lithographic performance such as collapse margin and processing

latitude, and protect photoresist from poisonous substrate such as from bases.



(2) Speci fic exanpl es of the nononmer (2) which forns the phenolic
unit in the backbone of the polyner are shown in Figure 1. The novel
pol yner oWotzhe/gpresent invention conprises the hydroxyaromaBroa2/mis (A) as
described herein and a unit conprising an am noplast (B). The am noplast is
capabl e of self-crosslinking the polynmer or crosslinking with other
polynmers. In one enbodi nent, the conposition conprising the novel polyner

i s capable of self-crosslinking and may be free of other external
crosslinker conpounds. The novel polynmer is a condensation polynerization
product of an .gm nap}ast..compoynd, with the hydroxyaromatic conpound
conprising at ﬂbeag'?'P{jlﬂeOffﬂF%EBY%@C’M“?JB?HEG’Q%S&? f‘?’n?t he presence of a
catal ytic anmount of a strong acid such as toluenesul fonic acid. The

anm nopl ast conpognd contai ns reactive am nonet hyl eneal koxy noi eties

( N- CH2- 0- al ByJ )< Sone of which react partially to formthe novel polyner,
and the o -f@‘ H- noi eties are present in the polyner to assist in
crosslinking @ﬂ

film The am nopl ast conpound used in the reaction
to obtain tig negyel Zﬂlyrrer can conprise two or nore al koxy groups and can
be based on am nopl ast’/ conpounds such as, for exanple, glycoluril-al dehyde
resins, nelam ne-al dehyde resins, benzoguanam ne-al dehyde resins, and

urea- al dofIgle, 1S SeidexeidR 8o ! MBick) ARl ol Floiels fror BRURDVAR:

acet al dehy etc. In sone instances, three or four oXy groups are
usef ul . Nbpdependently selegtest isemginjiodd moietyf @ fiwdrdengidty, hydriogenanysiraxylexanpl e.

?;j eXAMPIS-¢ Jalkfit " 2ERUISHE-ENahG! YOI ElallRY! NELGRCI L YN &L ucture
C,alkylO(C1-Cy)alkyl, C4-Caalkyl(C=0)(C1-Cy)alkyl, and C(O)O(C4-C4)alkyl and
the like. An iodo moiety and fluoro moiety can be |, F or an organic group
comprising at least one of | and F. The organic group comprising F may be
selected from Cq-Csfluoroalkyl, C4-C; hydroxyfluoroalkyl, OC;-Cyfluoroalkyl
C(O)(C4-Cy)fluoroalkyl, C(O)O(C1-Cy)fluoroalkyl, etc., where the fluoroalkyl is a
hydrocarbon chain which may comprise only fluorine pendant from the carbon
backbone or a mixture of fluorine and hydrogen pendant from the carbon
backbone; further examples of iodo moiety and fluoro moiety are |, F, CF3, C(O)-
CF3, CF,CF3; CF,CHF, OCF; C(CF3),OH. Examples of R, and R3; are
independently H, F, |, CH3, OH, CF3, C(O)-CF3, C(O)-CHs, CoHs, OCH3, CH>
OCHj3;, and CH; C(O)-CHj;, Specific examples for Ry are |, F, and CF3 Specific
examples of R, and Rz are |, F, CF3 CH3, OH, C(O)-CH3, and O CHj3 In one
embodiment, R, and Rj are connected to form aromatic ring fused to the phenol,
to form a unit (A) which is naphthol or hydroxyanrthracene substituted with iodo

moiety and fluoro moiety.

The monomer from which the unit with the phenolic unit (A) in the polymer
backbone is derived may be described by structure (2) where Ry, R,, and R are

as described previously.
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Specific examples of the monomer (2) which forms the phenolic unit in the

backbone of the polymer are shown in Figure 1.

The novel polymer of the present invention comprises the
hydroxyaromatic unit (A) as described herein and a unit comprising an
aminoplast (B). The aminoplast is capable of self-crosslinking the polymer or
crosslinking with other polymers. In one embodiment, the composition cbmprising
the novel polymer is capable of self-crosslinking and may be free of other
external crosslinker compounds. The novel polymer is a condensation
polymerization product of an aminoplast compound with the hydroxyaromatic
compound comprising at least one fluorine or iodine group, in the presence of a
catalytic amount of a strong acid such as toluenesulfonic acid. The aminoplast
compound contains reactive aminomethylenealkoxy moieties (N-CH,-O-alkyl),
some of which react partially to form the novel polymer, and the other such

moieties are present in the polymer to assist in crosslinking the film.

The aminoplast compound used in the reaction to obtain the novel
polymer can comprise two or more alkoxy groups and can be based on
aminoplast compounds such as, for example, glycoluril-aldehyde resins,
melamine-aldehyde resins, b'enzoguanamine-aldehyde resins, and urea-
aldehyde resins. Examples of the aldehyde include formaldehyde, acetaldehyde,
etc. In some instances, three or four alkoxy groups are useful. Monomeric,
alkylated glycoluril-formaldehyde resins are an example. One example is

tetra(alkoxyalkyl)glycoluril having the following structure (3),



0 (3) where each R6 is (CH2)11-0-(CH2) m CH3, each R7 and R7 are

i ndependently sel ected from hydrogen or 01-06 alkyl, nis 1 to 4, and mis
0 to 3; tweaniees2s in (3) indicating atom nunber for cegpaBrd/p@ing. Sone
exanpl es of R6 are CH2OCH3, CH20C2H5, and CH20C4H9. Exanpl es of am nopl asts
are such as those which are comrercially available from Cytec Industries
under the trademark CYMEL and from Monsanto Chem cal Co. under the
trademar k RESI MENE. Condensati on products of other am nes and am des can

al so be enpl oyed, for exanple, aldehyde condensates of triazines, diazines,
di azol es, guani di nes, guani m nes and al kyl - and aryl -substituted
derivatives ofOsuch conpounds, including al kyl- and aryl -substituted

mel am nesRg So ax | es of such conpounds are N, N -di net hyl urea,
benzourea, W€ i Np’ m de, fornaguanam ne, acetoguananine, anmel i ne,
2-chl or o- 4, 6- d| no 1,3,5- triazine, 6- netgyl ,4-diamno, 1 , 3,5-trai zi ne,
3, 5- dlanlﬁmtrﬂaz (

triam nopyripi di 2 mer capt o- 4, 6- di am no- pyri m di ne, 3,4, 6-tri s(et hyl am no)
- 1,3, 5-trjAzl NIQTR(;s(aIkoxycarbonylamno)trla2|ne N,NNN,N -

tetraneth ymet'hyl urea and the |ike. O her possible aninoplast conpounds
are shown in gure 3, structures 4-11. Additional am nopl ast nononers
include their anal ogs and derivatives, such as etherified amno resins, for

exanpl e I d-0 t, %l _al g |\am

N- but oxyrrrwé'{‘%l &dRils, @Hégptedéu o) SRR %étggﬁ/ i ?P{%{Eﬁ%@@%{i B writs.
Vari ous f@lé’d’tbd‘ﬁoﬁﬂﬁ'yd#b?@n bEEL T MK, 1§ RS 4] aﬁd bh .@\oatlolcatth@numfs fnhe

Ni cal acs éSanvva Chem ca ), Pl ast opal (BASF AG, or I\/aprenal (dariant

GrbH) t r ddenagigatingagtope nuseker for comp%ﬂen%mwr f5ome |gxampigs afiRsopast nmy

be sel ect m e I t t
(3). Exarr(g‘(i:| é{;ﬁ f' gl fc 2ufl?rgtp?rﬂc?¢ %’Xla x‘;g/sorrgﬂ]dﬂl'f'g '%fglngrrelt F,Gd?me{?uc ure

i ncl ude, tboge wh@hr a(erecdsmmmalﬂwla)\@illyblel diroim Cytec Industries under the

tetra(et y ol u a p yl Luril tra(i-
or opoxy maCam ey LML 12 stom fobSera) FBERT oY abB! e radembi
tetra(t bLRESWENEY'OcﬁicﬁéﬁQéwn broc&ktbsSbf totﬁ@damme@aéraj leenireetchi | algd yeol urils
such as 7- math | tetra(net hoxxmat hyl ) gl ycol uril , 7-ethyl

t et r a( metHBREHE hﬁﬂr)@qw,ualﬂp yde (Cpnggnﬁgtgsbp{)w@zmes diazines, diazoles,
tetra(met oxydrTTEt Phgﬁlﬁ‘ﬁﬁ’%é”é d aTkyq' an@r a?‘ﬁ%ubgﬂ’tufed) iefivhtives of such

tetra(met ) gl ycol uri di net hyl
tetra( rretcmmgqmtdlsylr)c@dymgylalkryl |qnd7ar84-suti>$§tttutyﬂ melamines. Some examples of

tetra( mtshu%ﬁy”&t)m}go?ngdyc rgr i ILI:N'jdir%'enyfi 'ur85, n'blaREc?leg, dicyandiamide,

formaguanamine, acetoguanamine, ammeline, 2-chloro-4,6-diamino-1,3,5-

triazine, 6-methyl-2,4-diamino,1,3,5-traizine, 3,5-diaminotriazole,
triaminopyrimidine,2-mercapto-4,6-diamino-pyrimidine, 3,4,6-tris(ethylamino)-
1,3,5-triazine, tris(alkoxycarbonylamino)triazine, N,N,N",N'-

tetramethoxymethylurea and the like. Other possible aminoplast compounds are
shown in Figure 3, structures 4-11. Additional aminoplast monomers include their
analogs and derivatives, such as etherified amino resins, for example methylated
or butylated melamine resins (N-methoxymethyl- or N-butoxymethyl-melamine
respectively) or methylated/butylated glycolurils. Various melamine and urea
resins are commercially available under the Nicalacs (Sanwa Chemical Co.),

Plastopal (BASF AG), or Maprenal (Clariant GmbH) tradenames may be used.



tetra(nmet hoxynet hyl )glycoluril,7,8-di(i-orsec-ort-)butyl
tetra(met hoxynet hyl)glycoluril, 7-methyl-8-(i- or n-)propyl

t et r a( metwoxymetolseB) gl ycol uril, and the |ike. PCT/IB2012/000213
Tetra(nmet hoxynmet hyl )gl ycoluril is available under the trademark POADERLI NK
from Cytec Industries (e.g., POADERLINK 1174). O her exanples include

nmet hyl propyl t et ranet hoxynet hyl gl ycoluril, and

met hyl phenyl t et r amet hoxynet hyl gl ycoluril. Figure 3 shows exanpl es of
specific am noplast materials. O the glycourils a

t et th t hyl gl S f choi ce of an
aﬁi ngr)as?xgo %/?n%p%(:? I'Iy, W?eaﬁ{n‘a'\%‘)éa%b@?ﬁ%r ?ra?elgf)lr‘?grlrég% UhFt glfoAﬁo, uni t
(B) and agshprighiglof yroNRild Gavifgtthe StAecta@d(d)] OYBJamp’IlésI 8f GRiolAIsAaONONEr

capabl e of poI mer i zatlon W|th the other units. anpl es of the nononer

unit may ¥ shysalilngnaa pnglude., ednt mta%(meth@wmqshﬂ)g}ycoaﬁd m xture
th f th e addi al unit
are Sﬁenoﬁ%%ﬁﬁ%&tﬁ%ﬁ%ﬁ%ceninﬂ% BRI B  SoneehdBel
novel pol gnopoxymagthillglybaurilconpr i sdettamemdorymethybgly¢airili C) ot heetra(ltlan (A

d (B h | i f, s t 12
2’? r uf:t Lre $X¥'ﬁ§th§g§|9§ﬂﬂffs§%ﬁh’ @pget'%ﬁé%ﬂma?‘w@%%ﬁu%sﬁ 1 %%n?al ni ng
or free mMbthyl tedia(MetHoxymethynglyabirs, 7belyEteth( m%oxy@@dwgﬁélycol@hﬁ? i-

i ndependently chosen fromthe group consistin

(G - C4) al Ryl n-)mﬁyéxyt@@firmyﬂakwpthyﬁetvsomw kyt(i- (@%0)8@91 csz:)amlgultyl
& adal Ky 1tshn&thb ¥ty SieStal, Ky B(dimeiHyF ket b k¥ tym @AY BIAGC7,84) al kyl .

diethyl tetra(methoxymethyl)glycoluril, 7,8-di(i- or n-)propyl
tetra(methoxymethyl)glycoluril, 7,8-di(i- or sec- or t-)butyl
tetra(methoxymethyl)glycoluril, 7-methyl-8-(i- or n-)propyl

tetra(methoxymethyl)glycoluril, and the like. Tetra(methoxymethyl)glycoluril is
available under the trademark POWDERLINK from Cytec Industries (e.g.,
POWDERLINK 1174). Other examples include methylpropyltetramethoxymethyl
glycoluril, and methylphenyltetramethoxymethyl glycoluril.  Figure 3 shows
examples of specific aminoplast materials. Of the glycourils a
tetramethoxymethylglycouril is an example of a more specific choice of an

aminoplast compound.

The novel polymer may comprise unit (A), unit (B) and additional
monomeric units. The additional units may be a monomer capable of
polymerization with the other units. Examples of the monomer unit may be
monomers comprising naphthyl, anthracyl, and phenyl and mixture thereof.
Specific examples of the monomer used to form the additional unit are phenols,

naphthol, anthracenemethanol and hydroxyanthracene.

The novel polymer may further comprise comonomeric unit(s) (C) other
than (A) and (B), such as phenolics of structure (12). Structure 12 shows the

structure of the optional second type of phenolic compound not containing or free



(12) Specific exanples of the phenol of structure (12) that may be

enpl oyed are given in Figure 4. Specific exanples of Rl, R2', and R3, are

i ndependewbl2g1240743813, OH, C2H5, OCH3, C(0)-CH3, CH2 OCHRCT@BBED1E(ER13CH3,
Some exanpl es of the novel polyner are further illustrated by Figures 5-7.
The pol yner of the present novel conposition may be synthesized by reacting
the nononers in the presence of a solvent and an acid catalyst. The pol yner
is typically recovered by precipitation into water and then dried. Wen
maki ng such polyners a nolar ratio of am noplast (nmononer of B) to iodo or

fl h f A 3: 't 1: 2 2: 1
errglrgygdenfﬁ{h’ B B ing Bl BB B2 carfth B et Sreiiealy chestEi R Modo
cont ai ni n@es yhsip wﬁg&tuﬁgaxbfahsmﬂ%meqb 04)tah@| pﬁi/&mw@a@ QIRyI Tbcs second

phenol i c conpound (nmononer o can Ehese in a rang to 100 nol e

% rel at i Vesaliyylt (PN Goka)adyl, |%é4@b¥|9§¢'n @'%&0@48"63('(@?93@11%)9&% or
30-60 m)l he | ow nol ecul ar wei ght portion is renoved.

Previ ously c{@&%ﬁé%@éﬂk%es of reacting, isolating and purifying the

pol ymer may be used. The wei ght average nol ecul ar wei ght of the polynmer can
range from aboygjy 1000 to about 25,000, or about 1500 to about 15000.

The refractive |indices of the polyner, n (refractive index) and k

(absorption) remge fromabout 1.3 to about 2.0 for the refractive index
and about O. about 1.0 for the absorption at 193 nm exposure
wavel engt h, '

R’ Ry

(12)

Specific examples of the phenol of structure (12) that may be employed are given
in Figure 4. Specific examples of Ry, Ry, and Ry are independently H, CH3, OH,
C,Hs, OCHj3, C(O)-CH3, CH, OCHs, CH, C(O)-CHs,

Some examples of the novel polymer are further illustrated by Figures 5-7.

The polymer of the present novel composition may be synthesized by
reacting the monomers in the presence of a solvent and an acid catalyst. The
polymer is typically recovered by precipitation into water and then dried. When
making such polymers a molar ratio of aminoplast (monomer of B) to iodo or fluro
phenol (monomer of A) of 3:1 to 1:2 or 2:1 to 1:1 molar ratio may be employed.
An optional second phenolic compound not having fluoro or iodo containing
substituent may also be used in the polymerization. This second phenolic
compound (monomer of C) can be present in a range of 0 to 100 mole % relative
to the fluoro or iodo containing phenol, or 10-80 mole % or 30-60 mole %.
Typically the low molecular weight portion- is removed. Previously known
techniques of reacting, isolating and purifying the polymer may be used. The
weight average molecular weight of the polymer can range from about 1000 to
about 25,000, or about 1500 to about 15000.

The refractive indices of the polymer, n (refractive index) and k
(absorption) can range from about 1.3 to about 2.0 for the refractive index and

about 0.05 to about 1.0 for the absorption at 193 nm exposure waveléngth, since
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t he novel polyner has absorption at 193 nm and the techniques to nmeasure n
and k values are not yet refined for 13.5 nm neasurenent. The iodo or

fl uoro compeniz/wfs28he pol ymer or of the conposition canpbensstigoomsed by

el enental analysis of the solid polyner or conposition. The fluoro or iodo
content of the polyner can range from 1% to 65% by weight, or 2% to 35%
relative to the polyner. The fluoro content of the polyner can range from
1% to 20% or 5-15% by W% relative to the polynmer. The iodo content of the
pol ymer can range from 5-65% or 10-35% by W% relative to the polyner. The

EUV absorption ma be calculated to reate or _in the range
of 1.51g s Syl Poler 1535 B8t 3t J3adm GinebnenBRPAROERAF VRFBUET P e
pol ymer, &yd RSvHIGey BEe aokgz@mf.aé@rfb.ewtssmhprheamﬁémetm Yhe' @stid Or Auber at ure
to each atomin the poly her pol yners may be added to the

conposi ti @ﬁnteetu@ﬂwt@spgwmmsoftthatcwm eaddS detRrpiedgy glassentahat
I ncrease éﬁkﬁ%&‘é%ﬁ tﬁé“s% .8>f oI)II‘ﬁerI / H&m§{>§ tior] "FiSE ﬂ@ﬁFoOBP?JcIé PHHAESS tHef

present in the conp05| n-are ree odo or uoro groups and may be in
t he rangepaim&0 cao r@ﬁ@e foom 1B%t o 85% bprwelghtt @rw)%toeJS%l rebative tohthet ot al

ol ymer co osSi t eful for crossl has
e ¢ nEagn' TS nuptd ortFat otRE Pilvalss oa a0k FREL 1 R A6 acn
pol yner by Qe%reRAVEAS ttRé pbglnyérerrhé%wdofﬁteanbi the ps&mbr ean eéngaa flo@nhydri de
with a conmpound with at | east hydr oxy groups_or npound w th at | east

2 car boxyﬁwﬁé‘%acqrm Qy3Bepay Bhgeiatadp tbﬁ@q'w@@rome BVl apsorRiigermay e
b I d
car boxy '8a|§$bféd9tro°t5’é)§rea?HPIha%°I yqa rﬂ'ir?eijé A U%/%?J‘%@Qgrpﬁfgat%e

herein b erence, i'n patents w e nu
7, 264, 91310/gntja$ﬂl anppallememtlabanaIIyslh dfhlee pelymadr, hy @iseignihg/ 800RA Atdémilced on

O:t b 3 2009. Anot ddj t f th I

Comst B AT B8 WS L7 L T
I t di scl ted h b f

e e B FASTR o ISR A B

Exanpl es @lhahideltroSdivRmeS pollyfmess 1R inbréhsCHRNALI fstelFAGE Ak véte MTikksR! S,
glycol s, cyanuric conpounds, etc. These secondary polymers are free of

i odo or f$efONgagrrRAlyECENHPEseNbE tb@ﬁ@m@ért@nfaseﬁ@e afyodaerciyarg gsetps
ami nopl asf EIa? b@lnﬁhgﬁdﬁﬁw&?ﬁgﬁ‘% BPS5ith 230 /FQIrWoSS(Y%'rSIQIIL%@YO fie added
i addy t 1@ vel

to the conposition in ron to t nove

conposi t i tokal gfolyrher pomgearlhohmé\emlymﬂr wﬂﬁﬂ |feresrqshhnl~nmg/® opelwhieh tasd nay
further co a crossl.ipker y y.the crosslinke onpound
that can G8EPa el FoBI ST BT ung GRb G iap ARuSioiReL BE B0 deiERET an
aci d, forpeiag C@rd@wéeteroml rhigt Sofeed Grontl She aebaiidh Y g dHpydade fwids aal cohol ,
ether ester, olefin, oxynet hyl am no, nethoxynethylphenyl and other

mol ecul esc%mlﬁl%"ﬂ@ ﬁﬁl'?i’ﬁl BY@’@%‘Y (ﬂﬂ‘?PP? ©Orspt 6emPayRd it legpt
crossli ”ké OWIlI:hicIIcII@ cRRIsWFFeét leBSt aﬁ@hy&ro%doé?d b Rks oH@%a%Mﬁ@@mdSUCh as

pol ymer s gI yco ur| am ne, etc. Exanples of conmpounds which can be
crossli nk@]ogparauchmelymweadmlmedl and, igcorporataddrereinedyt reaferience, in

(o o) AR L U BB YS £ 38 RRe: D5 et erad U BBARMF WIR TS o
Powder | i nike, seiaCnumber 12/609,222 filed on October 30, 2009. Another polymer useful
as an additive for the novel composition and capable of increasing the dry etch
rate of the film of the novel composition are disclosed, and incorporated herein
by reference, in patent and application with the numbers US 7,691,556 and US
2010/0009297. Examples of such polymers are glycoluril compounds reacted

with diols, glycols, cyanuric compounds, etc. These secondary polymers are free
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The novel conposition conprising the polyner may al so conprise an acid
generator, and optionally a crosslinker. The acid generator can be a

t her mal awD@opemes2at or capabl e of generating a strong aecu/Bmpamodesst i ng.
The thermal acid generator (TAG used in the present invention nay be any
one or nore that upon heating generates an acid which can react with the
pol ymer and propagate crosslinking of the polyner present in the invention,
particularly preferred is a strong acid such as a sul fonic acid.
Preferably, the thermal acid generator is activated at above 90C and nore

pr ef er abl y. . v n [ t anpl es
of therma f'§§? §P§%?e{é’:§8 g‘?ssgg(?ggpr{rétg aﬁ%‘-BP S/ggé’rggcgrﬁfé(yn%%%aggﬁg\éﬁaaﬁgg%lagﬁi um

sal ts, suFiy. & showar gkambfesnbfirposeibid olyaneriss whiadhnimey banddded to the

di aryl al kyl sul foni um salts of strong non-nucleophilic acids,

al kyl aryl g%%‘?ﬁ'Uﬁ’ﬁ INRAHIIN BIBRNINF'RAYEEHf st rong non- nucl eophi | i ¢ aci ds;
and ammoni um al kyl anmoni um _di al kyl ammoni um tri al kyl ammoni um

t et raal kyl ammoHirioygl tcongrostiono R the nPresente dpention crmprisesatheo novelal ent

t her mal i ; j di g i nstance
2 it obeR TR erpamay S Rh BhmBrsed PRERIGE RSkl ROtk & 0%t
sul f oni ¢ e@whpouwnd thiat tareanbas gn eestnopbileand cgivaohe eeirsthefpresencecifds.

Exanpl es ar. i aryliodoni.um perfl uoroal kyl su] fanates, diaryliodoni um

Crr ot uorddy Ry RrpiEh T RS HMERDS eoidring ' dFoups’ SEEH wk SlEhdt,

bi s(f | uor etdkky lestdrf osigfin, Mehéthdryméthglaimiho, 0dasthoRymethylphenyl and other

bi s(fluoroal kyl sul fonyl)imde, diaryliodonium quaternary anmoni um,

per f | uor o@PI8FULES $BHADET rESéﬁ'ﬁ‘{ﬂ glectpphiligysites, a&¢ spRable oficresshRliHag Witosy| at e,
2,4-dinit QQP%M : a0 !ggg I <M+t ayl

tosyl at e; lrh%enzlen{%rs'ul on%?‘ggrogalc Mégs]h{zaft ri ?ﬁddrsgﬁg%ﬁmm%ﬁsﬁfo%ﬁgwy4-

chl or obenmetassinef etat Exardplesi ¢f gompovnds whdcmidanobe nergbslinkars e, 1,3

benzenesul f onat,e: phenol,i ul S S S n .

4ot oxySADaNE0e PElar st §uatERAbRyRLNRAN SinRna FBkmve benayii
tris(fluocsrapdyridsyl ftetryrheimekirnethyl-Bisghan@t gTMOMBRY | ofinsiudtu  (13),

bi s(fl uoroal kyl sul fonﬁl )i mde, alky ammEi ugl ﬁ_akt s of organic acids, such
as tri et hyPHISRES GrAsshnkergraveRlwiisdhypelsi PWAENRES £ICA variety of aromatic
(ant hr acene, napht hal ene or benzene derivatives) sulfonic acid amne salts
can be emptoyed as the TAG 1&gl uding those disclosed in U S. Pat. Nos.
3,474, 054, \g 565 and 5,187,019. Preferably the TAGw I| have
a very | ow vol enperatures between 170-220C. Exanpl es of TAGs
are those sold dustri es under Nacure and CDX nanes. Such TAG s
are Nacure '8 CDX- 2T68E, which is a dodecyl benzene sul fonic acid
?5- 30% activity in propyl ene glycol nethyl ether
from Ki ng Lﬁstri es, Norwa q§ Conn. 06852, USA. The novel
conpositigtl may further opti oaal pg contain at |east one of the known

phot oaci d generators, exanples of which without limtation, are onium
salts, sulfonate conpounds, nitrobenzyl esters, triazines, etc. The
preferred photluaodkel gonmpositionscoarwising e pdymer aay adsd ¢amprise ageids of

hydoxyi m des ecificall i phenyl i ni triph sul_f.oni um
caive) i Sy s pRfinaly oS Tkt MR o8 v el e 8 gy i

t hereof . dJdiresatophabeblel of gemnaaii@assttdey aoid mesmedsating. yTHE tiepings @didout are
thermal |y deconpg_gg%)to forman aci The novel conposition may be free of

( d.

a phot oacgeNRIeE used in the PrASEN{ARYSTWPD S3Y R ARV RDF 9 Hwﬁﬁ'a%fittnoan of the
present | RyApg! QBné%YesCQHt§éi8_\A'Qi%hV@drg'i‘éé)/@tt\ﬁ?it@ttﬁ@_tpol?ﬁe%hghbr%b@{;atfeh? novel
polymer, and preferably 40 weight%to about 80 weight% of total “solids in
t he conpogsslokingraktheppelymer prasest imKer invankon, ipasticulary Reefededdsiat i on,
may be pr t_a ug. 0 I % t i % lids.
The ther nﬁFO%g’cﬁgbgggcglré oar %%ﬁlgg Cliéric%re?%rgg@é#q § \gﬁ%r%n%gé fg%’g‘%n'aalé%%%t 0Oto
about 5 veitghted’abibdad 80°G cinddsond ptdferadnf bt abbes 1ROEC card ieRgn ¢aGRROSI ti on,

preferably from0.3 to 2 weight % by solids. .
preferably at above 150°C. Examples of thermal acid generators are metal-free

atility at
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I n one enbodi nent the novel conposition conprises the novel polyner, a
secondary pol yner described herein, a crosslinker, a thermal acid

gener at orwoapizomeB surfactant and sol vent(s). | mconB20awb@dizrent t he
novel conposition conprises the novel polyner, a second polyner described
herein, photo acid generator, a thermal acid generator, optional surfactant

and sol vent(s). I n one enbodi nent the novel conposition is free of a
t hermal and/ or photoacid generator and the novel polyner is
sel f-crosslinki ng. Exanples of solvents for the coating conposition

i ncl ude aI hol s sters | eth et he et her

esters, %ﬁ'&m s?ﬁ%?ﬁﬂé@"%& |siags K&LC B "”ga%%iﬁﬁf‘mrfféé'kY'%@?f%ggP“'L@(anp| es

of such S@id/en&jmrylamylsdﬁonlbm aggtd10t of i Mstreflg t 0.noRLARYSMAIcO! Ya&lis,met hyl

et her ( PGIVEL lapr opyl ene glycol nethyl ether acetate(PGVEA), cycl ohexanone,
Y

2- hept anodlsylapfiggonigmet diabiogeripmosalie, of estigng gt cieoRAieACIHE] @n6l act one,
met hyl 3-SRk RONRY opi % FmmBRinTT Xt UGS zﬂﬁ'ﬁw%ﬂf The &) I%Sﬁ’é?ﬁnfoﬁn dnypi cal ly
e

present in an anmount o rom about 40 to out 9 wel g rcent.’ In
certain itetaakyasymomiemadaits i afn sbbng ammrrmcmphéxnt sciids. usﬁésﬁaul covaletitel pi ng

fl ow char cterlstlcs of the antjreflective coat o ition when used in
| vor cd eI At Al bl iddsica DR BB BES Tab oS thnbe 2 T e
about 10‘th?f>bér|f§§/I @@iéf@raw aflyb be Brylsulfonl CaaiHa Gnangthées esteks 6f Hlifdnas beide

sol vent . nce the antireflective filmis coated on top of the

subst r at eVBigH |t§ef§?%|d sespapeed to aive dieenisvifonict qcidseniFxampiRsd @Mat t he
filmis of a}ﬂé&'ﬁhﬁﬂt ly | ow Eﬂ’|uo'r6‘eﬁk%/§)1fb'na?é§d of suffi Cd'?'y |brtny t hat

t he propert| e e sem con uctor ice are not adverse

Tr eat nentislse‘mnomalsylmmw)@emldml udiagioddnitime  pis(fluoroalkiswioglyl) methldm
exchange(&i g 0 t.I Qn ai](d eﬁtraﬁ:t i.on pr gs can be u ed to reduce
the concelfrye 8H'”5’f is(upraRLkYistfopy Nipn @m ogpagm quat SR

absor pt | Oé‘mﬁl@hwﬁﬁftp%rﬂlﬁdf&)alﬁf/lsmlfmatwvekarﬁplﬁﬁOéﬂ 1dbile @stedsd3 nznnrtmwe@ylf rom
about 0.05 to about 1.0, referableé fromabout 0.1 to about 0.8 at the

exposur e twasoléteen&t%dm&gohf@zvlvéasxl? m @16l ﬁ%’iﬂ?@ﬂﬁ' tosyialar efrpittabenzd one
enbodi meng,q{iBgk. COPRLRINesAfo chal ug i b. tﬁﬁ\?orlf)ﬁféﬂ?y -@fnlﬁ‘gﬁ’&?}zyp 24to about

0.5 at the exposure wave Pengt The refractive 1 ndex
antirefl e@tlmmbeowtasugom@tea?.értn‘lL@p@mmrwéa -rifnebaryl 4~artg:ebén2tameawmnata, 3to

Soreul ai et ' Sftoxatt: SedifreO0n a8 pHIRWT IMethayfhdiERABRIRER" D
Elli pSOfTBdiu%fternEh/e exandnival ueas(fforddieylepfonpimethidegesaddr duatemdanpaiayle

dependent on the sure vel engt.h us and the t e of application. As
bt a1 PSR oGRS HoRY Dt &Y oA BeSean i o AgRRS: Pt or £V

paramet erg,ch as triethylammonium salt of 10-camphorsulfonic acid. A variety of aromatic
(anthracene, naphthalene or benzene derivatives) sulfonic acid amine salts can
be employed as the TAG, including those disclosed in U.S. Pat. Nos. 3,474,054,
4,200,729, 4,251,665 and 5,187,019. Preferably the TAG will have a very low
volatility at temperatures between 170-220°C. Examples of TAGs are those sold
by King Industries under Nacure and CDX names. Such TAG’s are Nacure 5225,
and CDX-2168E, which is a dodecylbenzene sulfonic acid amine salt supplied at
25-30% activity in propylene glycol methyl ether from King Industries, Nbrwalk,
Conn. 06852, USA.

The novel composition may further optionally contain at least one of the
known photoacid generators, examples of which without limitation, are onium

salts, sulfonate compounds, nitrobenzyl esters, triazines, etc. The preferred
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The antireflective coating conposition is coated on the substrate using
techni ques well known to those skilled in the art, such as dipping, spin
coati ng owvoprawrseg. The fil mthickness of the antirefl ectriiBmizo@mking
ranges fromabout 5 nmto about 100 nm preferably 5-25 nm for EUV

| i thography The coating is further heated on a hot plate or convection oven
for a sufficient length of tine to renove any residual solvent and induce
crosslinking, and thus insolubilizing the antireflective coating to prevent
interm xi ng between the antireflective coating and the |ayer to be coated
above it. The preferred range of tenperature.is,. from abqu 20C 1.0 about
2800 | ProlagfFadiergere, AEY crriims ST aBtes Bipnie (S ot hudbubes.

anti r ef | egddcyfoaly dRsHeRyE fodoPirh NEhita N eHiphaked stilforfurassaat idmiky ibgsrmve t he
phot oresi st solvent. An edge bead renover may be applied after the coating
steps to edlsadriakyisulfegiven alts.nand amsiures &haigdihd hesedwdeacidudeneidieftn in the
art. e gt V. i i i i s formed
can be an?reoa&t rﬁ%éségé%@lgi@@%%dsgg{ ?% H?gmggiﬁd%gé"gﬁ@%%ﬁ?ﬁ ustaﬁ?/a.d'%ui tabl e
subst r at e§he noveldempastticaunay beifiteetdf @phdtoaidigeheratari ¢ constant materi al s,
silicon, silicon substrate coated with a netal surface, copper coated

si licon waf er, Tl preirefiextion oeatingp ebynpesitionr ek ithe, psasknt onvalitiori dey net al s,

doped silicaon djgxide, silicon nitride taptalu ol ysilicon, .ceramcs,
o o e Aer 1% it to, Sl Hob el Gnuoh 8 IR alen BB A BrstSERR,
conpoundsgg WefyHYUPR! 55Ut 8UBNeigRIYP! bt RYliddImIBE dimdaaitRins TRadptibham t he

mat eri al s descri bed above. Phot or esi sts can be any of the t%pes used

in the seioedinkettwien usresinrthe gompasiion. Mmay hshoiesant albwd Ppdweight? t he

phot or esi &f B U8e WARIGE dreftdlY SofiR21 THY ABRALIAALIR GeKe G hfayPbe! he
exposure wavel ength 'us % or e I nagi ng process. o date, there are
sever al niacomodatey inla ramgediah gbou} Ocepazut & weighh 8 byitetl sblids bathe

provi ded signjficant advancenent in piniaturizat.i and these. radi ati on of
D8 i 19 TRNec 8 Foafiag SaTEORHEn el B robb AR bt urePb 58 e T By,
13.5 nm is particul aE)Ig_ sui %?ﬁ?l e. The exposure sourge can r% from12 nm
to 260 nm PhofdMEssrapadimsnt HBnavgleePasiion Comrrises dhe FQYRI PN Bst i t ut ed
pol yhydr oxinda8NBoRRferi dSschiBB@ | NEFEINS /20 Bfd4BliMd t 8, theHAAl asidt ferpatdescri bed
in US 4,491,628 "and "US 5, 350, 660. On the other hand, photoresists for
exposur e eptiongBsuiaciaret arst7/salyeMeédui re non-aromati c pol ymers since aromatics
are opaque at this wavel ength. US 5, 843,624 and US 6, 866, 984 di scl ose

phot or esi st s useaing embedingdt the BRyRISempositionacarises plag parelPABReRmEni ng
alicyclic rocar . f0 r esi f 00to
200 AT o esBad REFerh Phdtd ALl tletady, FlhefitBPAM BehbRfn O 0,
reasons, gptionat sliyactamtcand dodyertt@ye rel atively high carbon to hydrogen

rati os which inprove etch resistance, they also provide transparency at

| ow wavel engt hg anel driilsodimane thielnavel ebypbsigbn gk afsse tof anshériveah and/or
tenperatures. US 5, 843, 624 di scl oses pol yners for. photoresist that are

obt ai ned PRPIPAEE GeRETAA a%ﬁ&?rfé’r"ie 8?'V'g‘ﬁr§fs‘?¥é?r8?§'"§ﬁ}9ydri de and unsat ur at ed
cyclic nmonomers. Any of the known types of 193nm photoresists nmay be used,
such as those Examplies&f spiyetss far heCeingfanRresitonsngludg lcohols. iestess por at ed
her ei n by fer h&eCl S r as hbé Vv 157 nm
and basedglgﬁ]e Iﬁégﬁﬁﬁh;aé\%ogg‘ﬁbﬁe@r’ s@an&?he@%%fjgﬁ%l@f ﬁ(u%(t)(?{oe;l’ ?gﬁ%f‘b‘é’r gﬁ%tsc are
known to katosehsarehtidutes thesenfplxempleast oft iuth selventsrigelhde Chet aleaget of 157

nm fl uorogl cohol photaoresjsts i erd 0l oups
Such as. 1HIGRT R BABHEPESIRER i EERE VISR SABHERE SuRBDRRLN Tk PiP2
Wi t h ot heacdtaR(BEMEAN cyElolheindnel 2hepsariceiel @ty Grethbkypripior(dts €hyio0, 587,
and US 6,849,377) using either nmetal catalyzed or radical. pol rization.
Gener al | yiacliSamppeRlespectingeMel g Sk yeRinale. st mixtHies fisiedh asnm
etch resi ?I?é‘%%ﬁ/eﬂtl‘?s bybiddlg! preBemhinahh Gt FORSRNAboVRI(P1d @B6HH by.o @ cl ass
of 157 nm fluoroal cohol polyners was described in which the pol yner
backbone wsightpéngedt. in cantainénsigatasp the/addilionmef leatose sehveatyjigseful al  di ene
such as 1,1, 2, 3, 3-pentafluoro-4-trifluoronethyl-4-hydroxyl, 6-hept adi ene (US
6, 818, 258) or copol yneri zation of a fluorodiene with an olefin (US

6,916, 590). These materials give acceptabl e absorbance at 157 nm but due
to their lower alicyclic content as c?gpared to the fluoro-norbornene

pol ymer, have | ower plasma etch resistance. These two classes of polyners
can often be blended to provide a bal ance between the high etch resistance
of the first polyner type and the high transparency at 157 nm of the second
pol ymer type.



Phot oresi sts that absorb extreme ultraviolet radiation (EUV) of 13.5nm are
especially useful and are known in the art. Such EUV photoresists are
current| ywonderiodesel opnent, but any suitabl e EUV phot oresiiBtoizvago2ise used.
The novel coatings can also be used in e-beamlithography, where exposure
i s conducted using el ectron beans. After the coating process to
forma filmof the novel conposition, the photoresist is imagew se exposed
with a mask or e-beam The exposure may be done using typical exposure
equi pnent. Exanpl es of exposure wavel ength sources are 13.5 nm although

any source nRn e used., The e sed..photoresist is then. devel oped,in an
Soteous SaBRG B i pueg i oraRe ARLRAR Bt aatinai S Shion T B
pref erabl wyaﬂéda@sﬁém. WHeH preceSQ kY jaetbreOsiNdrit icBehprises ad¥aP ke about
tetrameth ammoni um hydr oxi de (TMAH). Exanple of a devel oper is 0.26N

aqueous t &@ratdheolvanrrysiam My dlsRliegeneTharseldlaptormsolreitel opnent may be
for 60 seconds. The devel oper may further conprise surfact antés_). An

opti onal heat i igce e aptirefiestiventilor foceated dmtop efbepsubstrete pnd i3 atse

devel oprept,.: ter anlRIE I £ / ' pattern
over the %%b\}%ﬂgﬂﬁéé’? y gy@@ﬁ IJrgn %%%@éﬁ‘ﬁgw ﬂ%&%é@%@?'gg& ﬁiﬁye%éll opnent
st ep. ion levéiearr ofcasfficiofit paréty ithat thedropadies ®f phetsermdeirgiustar slewdel known

to those skilled jn the art and_.is optimzed for the specifjc type of
bhot or esi F DSEAMAHRENp ATEEERed TOSRBRTET GUENaS RATSDS g SOLbEhal eth an
et chi ng 9§<§¥|ﬁﬁ'ér ArstgH 8n Wn SaFRR Pe'cB!lﬁnrﬁlﬂ_ltFa'ﬂb'n?aﬁél eRtrafmisocéssdsempve the
exposed portions of the antireflective filmor nultiple |layers of

ant i r ef i elee uged kowduagdhe epngentration efranetal ippspdist torreduee padiclasg as an etch
mask. Various etching gases are known in the art for etching organic
antirefl ecti vellwabsaergtion pawmeter (hoxfdhe mopel eomposition a-4193 OAFsNGES2, HBr

S22, CO . C e n ef,.er t r
i ncorporaﬁé@ ﬁ%?tgi %085% r g?@;teﬁf@e p?(%f%%@y thrf]otnﬁ re}]cebt%iljl,E %g%rtgaﬁ?&%\éﬁor'goage@g The
f ol | ow ngegsard i wawtergth e aswdetivad drongl eelliiedornédted mebsiwentintaainh ahnet he

nmet hods of produci and utilizing conpositions of .the sent inyention.
These exaﬁ'ﬁB@g'”éﬁ'\%rﬂ??ﬁ)Fomﬁ?ﬂﬂ% as ¢inthe rlaf‘ﬂ?tOfé‘Boﬁ"gégrt?@ﬁ’o’t’hé-%scope of

the inveniiRB dxpodie WaVel&isihs ol ridraetvedfdeR 19! SfURE aRfrefleetedlbdting
conditions, paranmeters or val ues which nust be ‘utilized exclusively in

order to igralee opimized pndsentrangy diem enout bdaigpakeut 2.0, prefamablyr &brigct i ve
i ndex (n)lﬁﬂﬂ e 0 it O : d
antirefl ety ve{'g'o-gﬁ??ljgéliﬁ)&n kt Y"r?el&%Qrgr%l'@gggceqeo%vgg\%@géoﬁg%gg%@delgﬁé éjlnﬁt-e A
Wool | am VARR32s eid U paoviiaiam WVASE VU-32 ™ Ellipsometer. The exact values of

the optimum ranges for k and n are dependent on the exposure wavelength used

and the type of application. As explained previously, 193nm measurements are

used as an indication of EUV parameters.

The antireflective coating composition is coated on the substrate using
technigues well known to those skilled in the art, such as dipping, spin coating or
spraying. The film thickness of the antireflective coating ranges from about 5 nm
to about 100 nm, preferably 5-25 nm for EUV lithography The coating is further
heated on a hot plate or convection oven for a sufficient length of time to remove
any residual solvent and induce crosslinking, and thus insolubilizing the
antireflective coating to prevent intermixing between the antireflective coating
and the layer to be coated above it. The preferred range of temperature is from
about 120°C to about 280°C.
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The nol ecul ar wei ght of the pol yners was neasured on a Cel Perneation

Chr omat ogr aph. Exanple 1 30 grans of tetranethoxynethyl glycoluril, 5.3
grans of weofbhionwegpienol, 30 m of tetrahydrofuran(THF) aod/dthisbooefs

propyl ene glycol nethyl ether acetate (PGVEA) were charged into a flask
with a thernoneter, nechanical stirrer and a cold water condenser. After a
catal yti c anount of para-toluenesul fonic acid nonohydrate (0.35g) was
added, the reaction was maintained at 80 C for 4 hrs. The reaction solution
was then cooled to roomterrperature and filtered. The fiItrate was sl owy

poured into distjlled ter mhlle 0 preci t he | yner. The
pol ymer was ccﬁ% gah‘\é@f%ﬁ'ﬁ‘t I? SP?tﬁ h’e‘% th?%"ﬁﬁ' arﬁ P’?Mﬁ‘figa%

r e- di ssol ftin Nanldbaréd t@rswsiyrﬂlaléydemavé\aherphoT&@si@t)lsb%ht wagn fddgker ed,
washed thoroughly with water and in a vacuum oven. 13.2 g of polyner

product vmadowweédnw bR applied giter mpaﬁmméédoﬁemif@h@dgﬁs efibet 8, 100
g/ nol . irgf'% l(}é?lgé §8§ce§9e§ @v@%l Rﬁg)% B 2.0% as determ ned by el enental

anaIyS|s grans o oxXynet hyl glycoluril, 10.4 grans

o i o oeh e, Sl 5B 0 o REAETE ML bRz, |2l

catal yti mfahmmtypm‘allpasedi i thersesnl tdrahictordnd uktriyo Saltsibleaiubsrtes Mpludds added,
t he reactign S maij nt t 80 C for about hrs. The_react Lon sol ution
was t hen W¥HHUd "Pk')atloé‘o %ﬁi@%@%r‘@némtfmﬁeéﬁa . Sihean, £ $iliganasEbHEAes| owl y

poured i ndgatel Shith heﬁle‘l’@tﬁfrfa‘é'ﬂ' k8psdr ééét@él énﬁbd?nr Rafdi fcabsert hguRRlumrer . The
pol ymer was collected by filtration. Aft drying, the polynmer was

r e- di ssol padymenc Tepingndiligere digyident matals Wﬁe@r siligere qmlq@mlhcms nitiide.er ed,

washed tf}gh%ﬂg{] éﬁ?@ ﬁ%%nw%te?e{ %Qd (Elh ﬁﬂn/‘cﬁPﬁervrﬁmh%ﬁpum]agsgmge%hfit gfe

pol ymer produ Ained. a welg average eCUIBr e
about 2, 2ftRegéush Grouydline dompidnmdpo’rmsnsubMeRﬁa;l%m@ndetaaymumwbrhyf

el enental anal
layers rr\llacke fro Extﬁe mateﬁals described above.

Photoresists can be any of the types used in the semiconductor industry,
provided the photoactive compound in the photoresist and the antireflective
coating substantially absorb at the exposure wavelength used for the imaging

process.

To date, there are several major deep ultraviolet (uv) exposure
technologies that have provided signiﬁcant advancement in miniaturization, and
these radiation of 248 nm, 193 nm, 157 and 13.5 nm. In the present invention
exposure in EUV, 13.5 nm, is particularly suitable. The \exposure source can
range from 12 nm to 260 nm. Photoresists for 248 nm .have typically been based
on substituted polyhydroxystyrene and its copolymers/onium salts, such as those
described in US 4,491,628 and US 5,350,660. On the other hand, photoresists
for exposure at 193 nm and 157 nm require non-aromatic polymers since
aromatics are opaque at this wavelength. US 5,843,624 and US 6,866,984
disclose photoresists useful for 193 nm exposure. Generally, polymers
containing alicyclic hydrocarbons are used for photoresists for exposure from
100to 200 nm. Alicyclic hydrocarbons are incorporated into the polymer for many

reasons, primarily since they have relatively high carbon to hydrogen ratios which
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30 granms of tetranethoxynethyl glycoluril, 10.4 grams of 3-iodophenol, 40
m of THF and 40 m of PGVEA were charged into a flask with a thernoneter,
nmechani cavogbirmeszand a col d wat er condenser. After a eatraByiiz/ecooamount of
par at ol uenesul foni ¢ aci d nonohydrate (0.3g) was added, the reaction was
mai ntai ned at 80 C for about 7 hrs. The reaction solution was then cool ed
to roomtenperature and filtered. The filtrate was slowy poured into
distilled water while stirring to precipitate the polyner. The pol yner was
collected by filtration. After dry| ng, t he polyrrer was re-dissol ved in THF

d t at ed filt d h hi th
ey oDk G e e i A% Fioiod BantaasfhE Bt (o HaNelenaBs S Yo

with a wetrghthzeeehdivcHHigs laks trmrsﬁmn tehqp’eb@tureﬁ 6605,848804 digslbsrs i n the

pol ymer was 21.7% as determ ned by el enental analysis. The EW absor ption
was cal cuP@lyegrs dob@hotoragst iy darsn oblainfsh byl fraaiegicel pelyraerizalienyefer and

by assi gnj t Y S & each
atomin t e%ﬁ%ﬁbﬂ%&ﬁh%ﬁ% eé@?@%& Cygln%sxgjlp Bf'n ee? % aﬁe g%érr%t(laﬁ l%cfeycgfl uril,
6. 9 gr ans193nBphottopsistsahay begjsgdamscma’as mofs,eaietsrcnbed hoidﬁp&énﬁl%omdm of

THF and 3 a i nt ask w t her nonet er

nechani caﬁsmp&fs‘ré nﬂ‘fge%%r @quﬁ?]egedﬂ §8 re%ete W% IG, 1945585 afount  of
par a- t ol ugh@stdsifgi sendftive BPNBTY ARt 8nd Co2d@d vaSflaskieted tp@ymeaCWign was
mai ntained at 80 C for about 5.5 hrs. The reaction sol ution was then cool ed

to room t BeptaNiYPEOAGRANO, Preunsedre fRewn| tpthes substartially Jranppaeait éd that o
distill edw\égé|§59ﬂ°r" iche E:I'ai%'cﬂ%égonﬂ{ %bmai&%, fphsto?eéréﬁ%e.% ddiiRdPROMTEN  Was

col l ected tratlon ter dryin ynmer was re-dissolved in THF
and preci polysieesi cantamrrm grldugmpostqplnerasrvaﬂucbmmatederdrborraemm temdr oarghl y with
wat er and, _dri edl acuum &hglﬁh product was obt ai ned
with a mF%’HPP%VEPHé% r?6|°é’88 &Pe%& g¥ %l’b rare}omgmmers XSS 5 30
grams of tetaflasmetryiret(s ayyeesnr idnd 8 §8agB70 Isihg deitharonansenol , 40
m of THF and 40 nil of PGVEA were charged into a flask wmth a therrmrreter

mechani cafatayred e9r saflical ejymreriaatian. ccraBeraly.. theseematerials 9iye gBefount of
|
par at o Uegﬁ%&bé%e& Paphg%g{yaeay;ﬂéﬁﬁs eﬁeh 3&dist4Ree %%% tHefteh mggaag.kgar& vas

mai nt ai ne 80 C e reaction solution n cool ed
t o room t eergentat Moee wecently,|a eassiof Thé nfi fluoraalsohelspatyroersywas desaibiedt o

dstlledwa i Lnri t 0. pr,eci pj e, th | r.. The | yvner was
col | ect ed™by ﬁ‘r LD FuRer ki Rort 'yﬁoﬁg,ﬁrﬁif% or*y%@r%é%eeﬂa?%%ﬁ‘? in THE
and pr eC|d m)trﬁhgdrciah dieneersuchhas pohﬁmg mﬁaﬁddrtf)ﬂﬁtﬁduor\@ﬁ?l@ﬂ -4- hyﬁro}gygh! y \c/im th
wat er an rie N a.\Vv oV . 0 nme oduct V\ﬁS_Otalne
N 2 et Grehiodiing VBT B ETE A eor P dymarEiiongsba tyaroiens ity PR
content obicfiheuBDs YIBOURS TReddraterifs iy mp%@bsg@r@bﬁ&e apabysis, The

EUV absorption was cal cul ated to be 7/g based on el emental analysis of
t he pol yneyt duel teytheis dowen aAlicys!i& romenhtasntemanrss fst ihen fluelioororgpinenei n

literatur I

tetr anet nigyRef e dpgRplnd 0P (oeitined” LS e iheBimers e 30 m
of THF andfté?Dbelaidd%GbE;érowmeea mlmda‘rg:ecbetwteen ahé Ihigtk etuht fesestdriver ofoiet er
rrechanich rer and a cold. er condense After ﬁcatal amount of
par at ol ue H}ﬁréy%%laﬂd ntgﬂ rgpépergr\%)a wag pdtdr etsl‘?éo?‘izﬁ’é’ ¥ was

mai nt ai negp gt 80C for about 7 hrs. The reaction solution was then cooled to
roomtenpéerature and filtered. The filtrate was slowy poured into

distilled wat epphMbidsists tat GbBErbt Sktitnfe Litlal it rhdi8titP (DR of il':hgn,p,%r)érrer Was
collected by filtration. After drying, the polyner was re-dissolved in THF

and pr eci gsresiaty useful@ndraremewn in the art. Such EUV photoresists are currently
under development, but any suitable EUV photoresist may be used. The novel

coatings can also be used in e-beam lithography, where exposure is conducted

using electron beams.
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polymer was filtered, washed thoroughly with water and dried in a vacuum
oven. 17.0 g of polyner product was obtained with a wei ght average

nol ecul arwoenphin7s28 about 14, 500 g/ nol . Fl uori ne cont entcofiBtheo@eisymer was
5.3% as determ ned by elenental analysis. Exanple 7 20 grams of

t et ramet hoxynmet hyl glycoluril, 6.9 grans of 3-iodophenol, 2.0 grans of

2, 5-di met hyl phenol, 30 mM of THF and 30 ml of PGVEA were charged into a
flask with a thernoneter, mechanical stirrer and a cold water condenser.
After a catal ytic ampbunt of para-tol uenesul fonic acid nonohydrate (0.2g)

was added, the a t S i i a or he
reaction soI ut |%§r @6'88{;‘?11}2% Q%egéqbgf%ﬂgo%fﬁrgn@e I101et a%cﬁPg?{] -lé The
filtrate plactosdsmiiginmagevese 'en;bcﬁsedli with klredsknait ebeabn. ITeueséprsunmgmtay be

precipitate the, polyner. The mer was collected by filtration. After
G yi g, | ¢S aRyRerTHEY PERHES ABIMPRL TFIPBES phle SHpPEUE A RICEer - The

pol ymer vgsyrked tHeed3a, Wﬁﬁe%lthb%r?uw Yoolrdd) M@ elBe aﬁ%odr TRE bxpdsegacuum

oven. 17.7 g of pol ynmer product was obtai ned w a wei ght average
mol ecul ar Ph@pegisist ds tagro developed gn rasl aqusEdmei@@@rq@t teonovga thec tieaigdat ed to

e oun nd ARGBESE ThE TRIERbCPRH YR 2010 bn'dificBAL WIEfing 3Ry REHAEND 2

known at ofmi ron va rven | ure o éac
pol yner . Exwphmleﬁ t&t0arg ety amimdridm dyeltdxickey (TEVARA). E}kamplleucrfld déelBpgr ans  of

3,5- bis(tri romet h I)phenol rans of 2 i me henol ., 30 m of
THE and 56 28N SRS UseR BT eREi B TGN | BEOKEn MM raRkle.

mechani Cabe\?élb%’)r'h@ht A BeCRF BOVBEESNARONARS BEvelOpdremay fithal Bﬁo'nﬁbr%@ount of
para-tol uenesul fonic aci d nonohydrate (0.25g) was addéd, the reaction was

mai nt ai nesurfactaB(sy Ao optioralthestiBg ktep. carhbe insacparatedsioto thied?roaess piiem cool ed
to room tmg&abg@sp%ﬂdf LhLCER osuTQe bt Bé\sé??{‘#ﬂénts lf&rMsV apfliﬂét%? %&t 0
er I'le stirri ng

distilled wa preciprtafte ymer was
col | ect edpdtterhi bt/eratthe)nnov@a‘ltmdeﬂayenq;lm tvehigtol ig maot wamdvedddesmg viked in THF

and pr emgeve?tpenc]ierl‘tnsté/\gt er. The polyner was filtered, washed

The process of coating and imaging photoresists is well known to those
skilled in the art and is optimized for the specific type of photoresist used. The
patterned substrate can then be dry etched with an etching gas or mixture of
gases, in a suitable etch chamber to remove the exposed portions of the
antireflective film or multiple layers of antireflective coatings, with the remaining
photoresist acting as an etch mask. Various etching gases are known in the art
for etching organic antireflective coatings, such as those comprising O,, CFy,,
CHFs3, Cly, HBr, SO,, CO, etc.

Each of the documents 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.

18



thoroughly with water and dried in a vacuum oven. 21.0 g of polynmer product
was obtained with a weight average nol ecul ar wei ght of about 10, 000 g/ nol .
Fl uori ne wonvenin7s28 t he pol yner was 12.5% as det er m nedpoy/iBtoezent s

anal ysis. Exanple 9 30 grans of tetranethoxynethyl glycoluril, 10.4 grans
of 3-iodophenol, 3.7 granms of 4-acetylresorcinol, 40 m of THF and 40 m of
PGVEA were charged into a flask wwth a thernoneter, nechanical stirrer and
a cold water condenser. After a catalytic anount of para-toluenesul fonic
acid nonohydrate (0.3g) was added, the reaction was mai ntained at 80 C for
about 6 hlr_:s. lee reaction solution was then cooled to roomtenperature and
filtered. ltrate was slowy poured into distilled water while

stirring to precipitate th I r, The pql s cqllected b
Filtration At Pl naenpargriap Ahzehiohdiks valies ! ithe abomerd

preci pi t ajadk idhtiveHeRtive EBBLIMPIY IR E4dmpldd belodd wereshesburé®iopughl yaw t h
wat er and dried in a vacuumoven. 26.0 g of polyner product was obtai ned

with a weVvgellan\éhalg32 piipe@uiptar. wei ght of about 3,900 g/ nol. Exanple 10 20
grans of tetranethoxynethyl glycoluril, 6.0 grans of 3-iodophenol, 4.9
grans of 3, 5- diheemieldcularivgigpraddiog polsmens web MedFsuwied 08@ Gl BeérnrEaieA wer e
char ged iQF\R)rﬁat%%ﬁ) with a thernoneter, nmechanical stirrer and a cold

wat er condenser. er a catalytic anount of para-toluenesul fonic acid
nonohydrate (0.2g) was added, the reaction was maintained at 80 C for about
5 hrs. ThE reactjon solution was then cooled to roomtenperature and
filtered. i+trate was slowy poured into distilled water while

stirring to preci Pitate t he pol yner. The _pol yner was col | ect ed by
filtratiof0 9rgPeeT tRiAMRIhoXmaethY)| q}mur\ﬂfaé-%@rﬁmssgwwﬂearqphenﬂﬂaﬁal of
precipita l R o] i t W t h
wat er and{eggmé(goﬁﬁégﬁ\'ﬁ; uﬁﬂ?oggﬁﬂ 2&{@ ré}&ﬂé%%ygcr%"? ﬁ%ﬁ@éugtﬁ%\e\au%%%t? ai ned
with a we{R{BVEAY seag ehangied dntioza flagki with adheraheroetes, reochaylicalistirreEandml e 11

g of benzirRET ROt rAfar 6 b BTl op bip By SlsRRfidee - ©°
nononet hymehbleydratet (@t 35g) MavEfydek tiee rI2Rlige vashaintihédaksow Clfons tpnidenser ,
thermal cgntroller a(gd_a mechani calqhg(il rrer. Under nitrogen ang stirring,

the mi xt utRe FERCHRBaRUHIGD WEROBIEN HQUPEdP reBMuiarBreTRlee athitUgdarer - 1-2
houts. ThAbRTRRLALIENG PBErdieRio Aisthtd iald?'whildiMifihg 1P PleGffatenthe 609 of

PGVEA and 36 g of propylene oxide were mxed wth the above solution. The
react i on Rel¥mReptheapolymer Was cdi@ctads by Tileationa &ftien firdod uthecpelwasr sl ed t o

room tenper Q i.nt I r.dna

i g spec ApeiiRd M TRE i o RER R B el B APRE YasdiehSh et «
wat er. Fi thardughlyt with paterresid driesl idra vatuum averad@udny of polymbh pgodifct palsy mer  was
obtained with ANt 8 adeh Rierset HoldRh A eitMEr S0 Y80 5PmSO B! -

content in the polymer was 2.0% as determined by elemental analysis.

Example 2

30 grams of tetramethoxymethyl glycoluril, 10.4 grams of 4-iodophenol, 40 ml of
THF and 40 mi of PGMEA were charged into a flask with a thermometer,
mechanical stirrer and a cold water condenser. After a catalytic amount of para-
toluenesulfonic acid monohydrate (0.35g) was added, the reaction was
maintained at 80 °C for about 7 hrs. The reaction solution was then cooled to
- room temperature and filtered. The filtrate was slowly poured into distilled water

while stirring to precipitate the polymer. The polymer was collected by filtration.
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Example 12 110 g of tetranethoxynethyl glycoluril and 61 g of
tris(2-hydroxyethyl)cyanuric acid were added in 350g of dioxane. The

t enper at we 20esore28sed to 92-94 C and a clear sol ution was/mBbiavoves 0.7 g
of parat ol uenesul fonic acid (PTSA) was added and the reaction was all owed
for 6 hours at reflux. After cooling down to roomtenperature, 0.5 g
triethyl am ne was added. The solution was precipitated in n-butyl acetate
at 5 C The polyner was filtered and dried under vacuum The pol yner
obt ai ned had a wei ght average nol ecul ar wei ght of about 2,200 g/nol.

Onaor | ayehe) it S pR R g ARG el YRR P aRIHEL et The L on

of the popyigeier waarfiltSyed, vesshed Bxaopykly Wwittawaterd@di drieddh3DvREMaNORPEVE. The
200 C/ 60 s to give

sol ution spi_n, coated on sjlicon wafers and baked at
afilm P%AQ ;ﬂé\yﬁemﬁmerse!%m ‘Mﬁ_ﬁs‘\’,@?@ﬁgn‘é’ & Wi avemps meleqy'arcon
waf er CO&%%?%? Bb&RALOO@YRhoIMdid B thl WRRel BB 150%, s dtefthinedHyhesi s

Exanpl e 1. e solvent waS renoved by nitrogen blowing. No significant film
| oss was elegwmnlal@natysisr the solvent treatment. Similar experinment were
performed using AZ(r) 300 M F devel oper (0.26N tetranethyl ammoni um

hydroxi de in water) instead of solvent m xture. The above EUV underl ayer

fil m denoAgémplesdl good resi stance to devel oper.

30 grams of tetramethoxymethyl glycoluril, 10.4 grams of 3-iodophenol, 40 ml of
THF and 40 ml of PGMEA were charged into a flask with a thermometer,
mechanical stirrer and a cold water condenser. After a catalytic amount of para-
toluenesulfonic acid monohydrate (0.3g) was added, the reaction was maintained
at 80 °C for about 7 hrs. The reaction solution was then cooled to room
temperature and filtered. The filtrate was slowly poured into distilled water while
stirring to precipitate the polymer. The polymer was collected by filtration. After
drying, the polymer was re-dissolved in THF and precipitated in water. The
polymer was filtered, washed thoroughly with water and dried in a vacuum oven.
24.0 g of polymer product was obtained with a weight average molecular weight
of about 3,500 g/mol. lodine in the polymer was 21.7% as determined by
elemental analysis. The EUV absorption was calculated to be 7.7/g based on
elemental analysis of the polymer and by assigning a known atomic absorption

value given in literature to each atom in the polymer.

Example 4

20 grams of tetramethoxymethyl glycoluril, 6.9 grams of 3-iodophenol, 2.9 grams
of 3,4,5-trimethoxyphenol, 30 ml of THF and 30 ml of PGMEA were charged into
a flask with a thermometer, mechanical stirrer and a cold water condenser. After
a catalytic amount of para-toluenesuifonic acid monohydrate (0.2g) was added,
the reaction was maintained at 80 °C for about 5.5 hrs. The reaction solution was
then cooled to room temperature and filtered. The filtrate was slowly poured into

distilled water while stirring to precipitate the polymer. The polymer was collected
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The above experinments were repeated with pol ymer sol utions nade by pol yners
from Synt hesis Exanple 2-9 in PGQVEA/ PGVE 70/ 30. The EWV underl ayer filns
had good weznsmmee to both casting sol vent and devel opecTiaBit/idod oss of
t he underl ayer was observed after the solvent treatnment or the devel oper
treatnment. Exanple 14 1.71 g of polymer from Synthesis Exanple 12, 0.73 g
of product from Synthesis Exanple 11 and 0.49 g of product from Synthesis
Exanpl e 2 was dissolved in 287 g of PGVEA/ PGVE 70/ 30 sol vent and 8.9 g
gamma- val erol actone to rrake a 1.0 wt% solution. The m xture then was

filtered Bhﬁ rléggnaAﬁé r ol | f\v8s —5 al'véguﬁ’f'l' gndJ fci Tt%'tee ?\l ution
¥i'? ({ﬂ des e’zid‘H m?‘%l rré ) Cf

was dil ut 0 obtaln ness w vents then
spi n- coat wdtedn The Sidlyreemwaaffiterdd) rwakhesiethoralgyhiyl Imﬁthcwateedandaﬁ@ed waz t hen

heat ed on a hot Iat for m nute at 200C. roduct
f r om Synt HHUen E§§%| 8019 of pelymer BFO&P%Y"SEIJ%E‘%SM‘@W NES %aﬁﬁ le 5 was
di ssol vednyjofeclit? wikigHt O?%@{f@@gméﬁo sol vent and 5.

gama- val erol actone to nake a % sol ution. The mxture t hen was

filtered through a micro filter with a pore size of 0.2 urn. The solution
was d"“tﬁg r]hﬁl o:l)Jtaln the desired filmthickness with same sol vents then
spi n- coat sili con waf er for 40 seconds. The coated wafer was then

From Synt ALgrneRLRr o dgRe iy Auf e ora s B membereheRabipdt Mang
0.8 g of ¢f PHECAHNd r40mn5)dﬁtF"(BME$\ Epeaérmherg%dem @i fask wetel & nthéiorgetet,

PGVEA!/ PGVE 70/ 30 sol vent and amma-val erol actone to make a 1.0 wt %
sol ut i on. MeRBaRiEshirrer eRd R 9@@ VY"i‘tP'E EQWWSEF AT A capbitis ameynd of Refdr a por e

si ze of Otom%'su%}ﬁc §eih%br%wa?§te% 13dh %stélid%t merreh&«?orfi%s h%ﬁntfaHe'Ei‘

t hi ckness with same solvents then spin-coated on a silicon wafer for 40
seconds. 3h&80ctatiod alwiubrd Was iThenrdastior dsaution wats pient sobled o wpomt e at

S temperature and filtered. The filtrate was slowly poured into distilled water while

stirring to precipitate the polymer. The polymer was collected by filtration. After
drying, the polymer was re-dissolved in THF and precipitated in water. The
polymer was filtered, washed thoroughly with water and dried in a vacuum oven.
18.0 g of polymer product was obtained with a weight average molecular weight
of about 6200 g/mol. Fluorine content of the polymer was 7.1% as determined by
elemental analysis. The EUV absorption was calculated to be 1.57/g based on
elemental analysis of the polymer and by assigning a known atomic absorption

value given in literature to each atom in the polymer.

Example 6

30 grams of tetramethoxymethyl glycoluril, 7.6 grams of 4-trifluoromethylphenal,
30 ml of THF and 50 ml of PGMEA were charged into a flask with a thermometer,
mechanical stirrer and a cold water condenser. After a catalytic amount of para-
toluenesulfonic acid monohydrate (0.3g) was added, the reaction was maintained
at 80°C for about 7 hrs. The reaction solution was then cooled to room
temperature and filtered. The filtrate was slowly poured into distilled water while
stirring to precipitate the polymer. The polymer was collected by filtration. After

drying, the polymer was re-dissolved in THF and precipitated in water. The
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Exanple 17 0.6 g of product from Synthesis Exanple 11 and 1.4 g of product
from Synt hesis Exanple 8 was dissolved in 192 g of PGQVEA/ PGVE 70/ 30 sol vent
and 5.9 gwvoammrveBer ol actone to nmake a 1.0 wt % sol uti orCcT/IB®1ZVDOOR1E € t hen
was filtered through a micro filter with a pore size of 0.2 um The
solution was diluted to obtain the desired filmthickness with sane

sol vents then spin-coated on a silicon wafer for 40 seconds. The coated
waf er was then heated on a hot plate for 1 mnute at 200C. Exanple 18 0.6 ¢
of product from Synthesis Exanple 11 and 1.4 g of product from Synt hesi s

Exampl e 9 v n .90
garmae val RISE N MEE wbshEd 1o Bty Yo Wil PR PR R R il
filtered thoaqughpalymiet peoduct vas olitdihed witbr 2 welighe avéré@;eZmumcuTBﬁ&/@ghtUti on
was diluted to obtajin th esired filmihickness with sanme sol vents then
spi n- coat ¥Rt 44300 @/Bip V\gpg?”? gpnigpt gé%rﬁgym%@/aéosa%%oe%\ﬂ?@fmmg t hen
heat ed onb)ae||@9{en@é|aatn%|)fsgr 1 mnute at 200C. Exanple 19 1.71 g of polyner
from Synt hesi s Exanple 12, 0.73 g of product from Synthesis Exanple 11 and
0.49 g of product from Synthesis Exanple 2 was dissolved in 287 g of
PGQVEA/ P solvent and 8.9 g gammma-val erol actone to make a 1.0 Wt %
sol uti orc];\gﬁalrﬁ‘é—%%ure of 0.073 g of 10% of dodecyl benzene sul fonic acid

onat | no. 20 Bfarkg o e aaret T dfoaii, S atr ik AR AL 9850 was

added in éfﬂZSWnEﬂﬁlpH%ﬂbUt BOMml of EHMaKY Bemi b POMIBA Wdreaieegddimeeigh a
mcro filter with pore size of 0.2 um The solution was diluted to obtain

t he desi r@ﬁka'Fthh?r@W@%@rvm?Waiﬁ?ﬁé sigerand @ qald walsli G eisasd AfSr @ sili con
it e ar R R o AR e R aDAG g rad ABpalle 0"
i ndex (n)reantiord w28 maintaibed@dt8001C (fir) akoutad.51198. ihhe rEactiqn sol@tion was

then cooled to room temperature and filtered. The filtrate was slowly poured into

distilled water while stirring to precipitate the polymer. The polymer was collected

by filtration. After drying, the polymer was re-dissolved in THF and precipitated in

water. The polymer was filtered, washed thoroughly with water and dried in a

vacuum oven. 17.7 g of polymer product was obtained with a weight average

molecular weight of about 5100 g/mol. The EUV absorption was calculated to be

7.0/g based on elemental analysis of the polymer and by assigning a known

atomic absorption value given in literature to each atom in the polymer.

Example 8

30 grams of tetramethoxymethyl glycolurii, 10.8 grams of 3,5-
bis(trifluoromethyl)phenol, 2.9 grams of 2,5-dimethylphenol, 30 ml of THF and 50
ml of PGMEA were charged into a flask with a thermometer, mechanical stirrer
and a cold water condenser. After a catalytic amount of para-toluenesulfonic acid
monohydrate (0.25g) was added, the reaction was maintained at 80 °C for about
4.5 hrs. The reaction solution was then cooled to room temperature and filtered.
The filtrate was slowly poured into distilled water while stirring to precipitate the
polymer. The polymer was collected by filtration. After drying, the polymer was

re-dissolved in THF and precipitated in water. The polymer was filtered, washed
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0.6 g of product from Synthesis Exanple 11 and 1.4 g of product from
Synthesis Exanple 5 was di ssolved in 192 g of PGQVEA/ PGVE 70/ 30 sol vent and
5.9 g gamwewelera2Bact one to nake a 1.0 w % sol uti on. ApgiraBango@m2130. 06 ¢
of 10% of dodecyl benzene sulfonic acid triethylam ne salt in PGVEA PGVE

70/ 30, 0.06 g of 10% of nonafl uorobutanesulfonic acid triethylamne salt in
PGVEA/ PGVE 70/ 30 was added in the polyner solution. The m xture then was
filtered through a micro filter with a pore size of 0.2 um The solution
was diluted to obtain the desired filmthickness with sane solvents then
spi n-coatgd on SI|IC fer for 40 seconds., The ed waf r.was then
heat ed ont?' ngl? évaf ra,'% ﬁi%f‘@\éﬁ Ufab@’enfﬁé ‘ﬂ%’iaf’@ edp?tr? léﬁt V‘@zf’r aneters
arel. 76 f@tstarn@ﬁrvam ameugﬂm@éra(qae)mared;u&r%@mrofaalb&mMOQO gWﬁbl Fudtinel 93 nm
Example 21 0. ymer from Synt hesis Exanple 12 of product

from Synt%ﬁ?'%t @g%ﬁplé!mﬂ“@ﬁd%(’é 3 dateppingd Oy q‘?'ﬁﬁi‘@i/ﬁﬂﬂé%‘ﬁs Exanpl e 3 was
di ssolved in 192 g of PGVEA/ PGVE 70/ 30 solvent and 5.9 ¢

gama- val erol actone to nake a 1.0 wt% solution. A m xture of 0.06 g of 10%
of dodecyEkamplerfe sul fonic acid triethylam ne salt in PGQVEA/ PGVE 70/ 30,
0.06 g of 10% of nonafl uorobutanesul fonic acid triethylamne salt in

PGVEA/ PGVED Td1aR38 wvhdeteatdeithokymetingl pgwcplmﬂ SOJ4ulgi'arms dth8-iodogthenel,t BFn was

filtered throu ro filte f um The solution
was. di |t ST ObpasPeRwcinel 4e iigh THE RPEIL 8T dlinavEsess hefies | nen
Spi n- coat @b ARk With §Qrﬁlemr@étef,%eéwbrﬁ@mﬂd§r anbe e6latvesterabidensp. t hen
heated on a hot plate for 1 mnute at 200C. Exanple 22 0.6 (gsof pr oduct

from Synt Aen § Btalifis @mounad para- t@'“éﬂe?}ﬂ@mfcﬁc'*ﬂr ownehydrates (G 3¢k amsl e 7 was
di ssol ved Ig\ﬁvfag/ ﬁ,@iﬁ 30 9

gamma- val ae# d:\ ﬁg%rg%tgté make a 8'?]% i’(?g%r %&QH]F)% D%é 1c-) 86?3%'08 of 10%
of dodecysdietirewas sherf cotled tociodnt tenmdrgtlmmané fittated. Them\ﬂm 30,
0.06 g of 10%o0f. n uor obut neufo c aci.d triethyl am

PaVEAT POVRSUTEH oS danter R nd R Predfiied ke poeR $6e Fmel vas
filtered fhseumdriéd BY Gilteatioh! ARér dvyiry, m@ﬁm@n@rmm@ d)seolwa inThigF spidut i on
was diluted to obtain the_desired filmthickness with sanme solvents then

spi n- coat RECHHatedsin vates. AE drolymer wassfittesediswashrd hseughlyayitt Waer t hen
heat ed i .
eated on,gy rElﬂ%d Ah& §ab@imlovd 2%660 ? 8{’3ggﬁj‘poe}hgrgggéz\%&ég%b?@ﬁ]bgt%lﬂp%r amet ers

arel. 72 for ractive 1 ndex : I on at 193 nm
Exanpl e Z\Bel@hBa@regemaienutar\mlgmcﬂwhdme&%ml‘g(m@bl e 11 and 1.4 g of product
from Synt hesi s

Example 10

20 grams of tetramethoxymethyl glycoluril, 6.0 grams of 3-iodophenol, 4.9 grams
of 3,5-dimethyl 4-iodophenol, 30 mi of THF and 30 ml of PGMEA were charged
into a flask with a thermometer, mechanical stirrer and a cold water condenser.
After a catalytic amount of para-toluenesulfonic acid monohydrate (0.2g) was
added, the reaction was maintained at 80 °C for about 5 hrs. The reaction
solution was then cooled to room temperature and filtered. The filtrate was slowly
poured into distilled water while stirring to precipitate the polymer. The polymer
was collected by filtration. After drying, the polymer was re-dissolved in THF and
precipitated in water. The polymer was filtered, washed thoroughly with water
and dried in a vacuum oven. 21.0 g of polymer product was obtained with a

weight average molecular weight of about 3,800 g/mol.
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Exanple 9 was dissolved in 192 g of PGQVEA/ PGVE 70/ 30 solvent and 5.9 g
gama- val erol actone to nake a 1.0 wt% solution. A mxture of 0.06 g of 10%
of dodecybhernzeme3sul fonic acid triethylamne salt in PGUEBZRE2130/ 30,
0.06 g of 10% of nonafl uorobutanesul fonic acid triethylamne salt in

PGVEA/ PGVE 70/ 30 was added in the polynmer solution. The m xture then was
filtered through a mcro filter with a pore size of 0.2 urn. The solution
was diluted to obtain the desired filmthickness with sane solvents then
spin-coated on a silicon wafer for 40 seconds. The coated wafer was then
heat ed on_a hoé Elate for 1 mnute at 200C. The neasured optical paraneters
arel. 76 fB¥2 tive index (n) and 0.30 for absorption (k) at at 193 nm

Exanple 24 0.6 of product from Synthesis Exanple 11 and 1.4 of product
from Synt he& &f g&!%‘ﬁfeéra&‘a yg ssidi _‘J'éBhYC;{'dPSBi g o Stbﬂ@OEAQ'P@PEO%JIQBWDsol vent

and 5. 9 OoGRARoURIRIRbAGRONC chiBriBke and.- O 34t % §OI Ul OMprefdyRridgRkoil 06 of
triethylamne 1 n tgCaEIVEA/ PGVE 78/ 38 was added in t%e pol yrr%rroggolnugﬁlo%. The

m xt ur e t monomethyigtheracethte KiPGlviiA )awedeceharped trto aWlask withor eosdlensenf 0. 2

urn. The L uti an diluted t i e ir fil hi,ckness w th

same solv {@5{ %8#9@%%@ Ouoa?t gﬁecﬁﬁﬂgggisﬂfrggnuag%epﬁgo en4%]néeéct'gW&§. ﬁﬁe

ggag eg Mﬁ?ﬂun&!&\gaé m@?tdue&isedo%ﬁtn. A tlotr polatien wars ?jbtﬁiri&dt @ft?hﬁ-Qg@urE;(arrpl e
.6 g of product from Synthesjs Exa e 11 and 1.4 pr ct from

Synt hesi s | B ApfAP@rajurga¥agk %toél‘tv@cp%i%f‘?[gg gUGH LE@QE@‘#’&’E&@R‘;%@ME%M and

5.9 g gangRg %e:%bgw bRJEBE&G eamiked WIYAIROLBbYOB0lBoR. Thefred@ibrof

triethylam ne GVE 70/ 30 was added in the polyner solution. The

m xture twes kept &t 502&dor HSlgh Zhei wastion | sadution twWasa cpeled & zeowf 0. 2
urn. The tion it obt ali i I i thickn W t h
sanme sol vtzeﬁ{p;ér{aﬁéen%éi %Ib\(’:vglaﬁ (gltjftegn'ﬂgo gi {gfé%%"\%g%gr&%%ﬂehgh SA;@%&? he
coat ed wablendevas hehsolyheanes ailleateicdndoivatieed thordughinputith atatetOB@ally,

the polymer was dried in a vacuum oven. 16 g of polymer was obtained with an

average molecular weight (MW) of about 20,000 g/mol.

Example 12

110 g of tetramethoxymethyl glycoluril and 61 g of tris(2-hydroxyethyl)cyanuric
acid were added in 350g of dioxane. The temperature was raised to 92-94° C
and a clear solution was obtained. 0.7 g of paratoluenesuifonic acid (PTSA) was
added and the reaction was allowed for 6 hours at reflux. After cooling down to
room temperature, 0.5 g triethyl amine was added. The solution was precipitated
in n-butyl acetate at 5° C. The polymer was filtered and dried under vacuum. The

polymer obtained had a weight average molecular weight of about 2,200 g/mol.

Example 13

Evaluation of Resistance to Solvents and Developer for Underlayer Films made

from polymers in synthesis examples 1-9.

A solution of the polymer from Synthesis Example 1 was made in 70/30
PGMEA/PGME. The solution was spin coated on silicon wafers and baked at 200
°C/ 60 s to give a film. PGMEA/PGME 70/30 solvent was dispensed for 60 s on
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Exanpl e 26 Eval uation of Resistance to Solvents and Devel oper for

underl ayer Filnms made from formul ati on exanpl es 14-25. PGVEA/ PGVE 70/ 30

sol vent wwwe 2dizspesesed i ndi vidual ly on the coated and baleed/B2d12/6@130af er s
from Exanpl es 14-25. The sol vent was renoved by nitrogen blow ng after 60 s
of dispense. No significant filmlosses were observed in the sol vent.
Simlar experinments were perforned with AZ(r) 300 MF devel oper. The above
EUV underl ayer fil m denonstrated good resistance to devel oper. No
significant filmlosses were observed in the developer. The filns did not

di ssolve jn the solv nt or the, devel gper s ood r ossl k n The
under | ayeﬁhewég'c‘&” s‘ﬁa ﬁc??@é%cﬁ dViR, ‘{ﬂdﬁgg}'?r W-?gev\ir‘] %“E"Ffoﬁ'lf’ "'E'Iﬂﬁg?i'uer mal
aci d genegsahifesis! BxsrprplesTrRg @1%@5wa§h@n%@db@§enmead%dwﬁ@ Nee

under | ayer formnul ation, sufficient crosslinking was present despite the
presence SgnAceRISEM 78S wasebrSvedaftas e splwebtatgéatmr% oviNtilgr expenimast

bst r at
Beanpl o 7o TBelR 45D A7E0 Al BILICRE: GRORL \tarmBRIAATHARNA - o Hum
nyl on syrhyrgexnﬂelm@Vateﬂjhestsaﬁmfesorm\tmmgmr@oﬁhedubomeﬁu% unsietagaernfilmaf er and

post application baked at .200C/ nds EUV SEVR- 139 phot or esi st
(avai | abl €€ WPB?H%E%Q S'éﬁf‘%fosg Al bany, New York) was coated on top

of the underl ayer. It was baked and posed at SEMATECH using their 0.3NA
(nuneri cafh %EBPY%Pé‘?eW%ﬁW%ﬁF?Me% e RAlYpes el E“‘Eﬁ\/“@aﬁl by(RARPrS Af t er

devel opnefbm $yitnédis BRARPRILD RESEMERPEMEBED/RY AHLESY WMdenahet finds CD

scanni ng el ectron m croscope (CDSEM topdown neasurenent and Cross section
pi ct ures bakgnodnesistaane SENoth caslyin pelventhanddenelopal. Ngifitng Hogsaot then

underlayer was observed after the solvent treatment or the developer treatment.

Example 14

1.71 g of polymer from Synthesis Example 12, 0.73 g of product from Synthesis
Example 11 and 0.49 g of product from Synthesis Example 2 was dissolved in
287 g of PGMEA/PGME 70/30 solvent and 8.9 g gamma-valerolactone to make a
1.0 wt% solution. The mixture then was filtered through a micro filter with a pore
size of 0.2 um. The solution was diluted to obtain the desired film thickness with
same solvents then spin-coated on a silicon wafer for 40 seconds. The coated

wafer was then heated on a hot plate for 1 minute at 200°C.

Example 15

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 5 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 wt% solution. The mixture then was filtered
through a micro filter with a pore size of 0.2 um. The solution was diluted to
obtain the desired film thickness with same solvents then spin-coated on a silicon
wafer for 40 seconds. The coated wafer was then heated on a hot plate for 1
minute at 200°C.
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showed good photoresist pattern profiles with mniml footing and cl ean

| ines wthout scumm ng. The EUV |ithography was shown to have excel | ent
phot osenswoi2eiz7e26 30 nm 1:1 L/S at 11. 7md/ cn2. The patrtensabe@2isad good
col  apse margin, depth of focus and process w ndow. Exanple 28 The

under| ayer solution of Exanple 22 was filtered using a 0.2um nyl on syringe
filter. The sanple was then coated on an 8" silicon wafer and post
application baked at 200C/ 60seconds. EUV SEVR- 139 phot oresi st was coated on
top of underlayer. It was baked and exposed at SEMATECH using their 0.3NA

(nurrericzll; alﬁelrtge) Al bany Excinmer m cro-exposure EUV tool (eMET). After
devel op g i t hographi c performance was eval uated wi th both CDSEM

t opdown surenments and cro section piGtuyres taken upder an SEM

i er 0scopLe ST PIDEAIT SITERSS fRgEPIE o e bf Berwel B2m SRR 1 1 es
Wi th mni Eﬁém&l@oﬂi &84 613% 6f SdAutt M&H SYnkheyiE Eﬁgmgm' B%as dissdRldd ihi tgpogr aphy
was shown to have excellent photosensitivity of 30 nm1l:1 L/S at

11. 7m)/ cn@ of PRMPAIRGVIRE /30 selxent@ists O pamsea-waleglactone tr make 3 ddus and
process w, Qg 9%%i%ufé‘th‘éﬂ%éé ﬁY§{ed%L{gH% ﬁRﬁBgﬁéH\/ﬂ%‘a 'sizd N9 a
pol ymer, &re 1t he pol ynmer conprises at |east one hydroxyaromatic unit in
t he backboff®2aim.tThe spdltionewas dilqited $0 obtain tHeudesiredrfilindttizknessewith sand at

| cast one_ ol oIDLLsing, 80 A npel actro T0G0 SRR | 1RR Qah e WheTe

was then heated on a hot plate for 1 minute at 200°C.

Example 17

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 8 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 Wt% solution. The mixture then was filtered
through a micro filter with a pore size of 0.2 um. The solution was diluted to
obtain the desired film thickness with same solvents then spin-coated on a silicon
wafer for 40 seconds. The coated wafer was then heated on a hot plate for 1
minute at 200°C.

Example 18

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 9 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 wt% solution. The mixture then was filtered
through a micro filter with a pore size of 0.2 um. The solution was diluted to
obtain the desired film thickness with same solvents then spin-coated on a silicon
wafer for 40 seconds. The coated wafer was then heated on a hot plate for 1
minute at 200°C.
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(1), (1) where, Rl is selected froman iodo noiety and fluoro noiety, R2
and R3 and i ndependently selected froman iodo noiety, a fluoro noiety,
hydr oxyl ,wOGo3tipad2ky| , hydroxy(Cl- C4) al kyl, OCl- C4al kyl pct@styit/@b234) al kyl ,
Cl- C4al kyl OQ(C14) al kyl , Cil-adal kyl (C=0) (C1-C4)al kyl, C(0)0(C1l-C4)al kyl and
R2 and R3 are connected to form hydroxyaromatic ring fused to the phenol.
3. The conposition of claiml1l or 2, where the fluoro or iodo noiety is
selected froml, F, Cl-C4fluoroal kyl, Cl-C4 hydroxyfl uoroal kyl,

OC1- CAfl uoroal kyl C(0) (Cl-a4)fluoroal kyl, and C(0)O(Cl-C4)fluoroal kyl. 4.

The corrpog)i(%i&n @‘ one of clains 1 to 3, where the unit conprising an
am nopl as ved froma glycoluril nononer or froma ureal/forml dehyde

ol i gorer. 1.7\{\% g %&%%Z r%?np yr«t%ggg )43%)&%]’!% 0.73 g of product from Synthesis
Example 11 and 0.49 g of product from Synthesis Example 2 was dissolved in
287 g of PGMEA/PGME 70/30 solvent and 8.9 g gamma-valerolactone to make a
1.0 wt% solution. A mixture of 0.073 g of 10% of dodecylbenzene sulfonic acid
triethylamine salt in PGMEA/PGME 70/30, 0.073 g of 10% of
nonafluorobutanesulfonic acid triethylamine salt in PGMEA/PGME 70/30 was
added in the polymer solution. The mixture then was filtered through a micro filter
with a pore size of 0.2 um. The solution was diluted to obtain the desired film
thickness with same solvents then spin-coated on a silicon wafer for 40 seconds.
The coated wafer was then heated on a hot plate for 1 minute at 200°C. The
measured optical parameters are1.83 for refractive index (n) and 0.29 for

absorption (k) at at 193 nm.

Example 20

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 5 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 wt% solution. A mixture of 0.06 g of 10% of
dodecylbenzene sulfonic acid triethylamine salt in PGMEA/PGME 70/30, 0.06 g
of 10% of nonafluorobutanesulfonic acid triethylamine salt in PGMEA/PGME
70/30 was added in the polymer solution. The mixture then was filtered through a
micro filter with a pore size of 0.2 um. The solution was diluted to obtain the
desired film thickness with same solvents then spin-coated on a silicon wafer for
40 seconds. The coated wafer was then heated on a hot plate for 1 minute at
200°C. The measured optical parameters are1.76 for refractive index (n) and
0.37 for absorption (k) at at 193 nm.
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5. The conposition of one of clains 1 to 4, where the polyner further
conprises a phenolic unit free of a fluoro or iodo noiety, a thermal acid
gener at orwoaooloyest er pol ymer, and/or a glycoluril pol yoenszhiibbh@eent from
the polyner of claim1. 6. The conposition of one of clains 1 to 5,
wherein the hydroxyaromatic unit is naphthol. 7. The conposition of one of
clainms 1 to 6 further conprising a solvent, and/or a secondary pol yner. 8.
The conposition or polyner of one of clains 1 to 7 having a fluoro or iodo
content in the range of 1% to 30% by wei ght.

Example 21

0.6 g of polymer from Synthesis Example 12, 0.6 g of product from Synthesis
Example 11 and 0.8 g of product from Synthesis Example 3 was dissolved in 192
g of PGMEA/PGME 70/30 solvent and 5.9 g gamma-valerolactone to make a 1.0
wt% solution. A mixture of 0.06 g of 10% of dodecylbenzene sulfonic acid
triethylamine salt in PGMEA/PGME 70/30, 0.06 g of 10% of
nonafluorobutanesulfonic acid triethylamine salt in PGMEA/PGME 70/30 was
added in the polymer solution. The mixture then was filtered through a micro filter
with a pore si.ze of 0.2 um. The solution was diluted to obtain the desired film
thickness with same solvents then spin-coated on a silicon wafer for 40 seconds.

The coated wafer was then heated on a hot plate for 1 minute at 200°C.

Example 22

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 7 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 wt% solution. A mixture of 0.06 g of 10% of
dodecylbenzene sulfonic acid triethylamine salt in PGMEA/PGME 70/30, 0.06 g
of 10% of nonafluorobutanesulfonic acid triethylamine salt in PGMEA/PGME
70/30 was added in the polymer solution. The mixture then was filtered through a
micro filter with a pore size of 0.2 um. The solution was diluted to obtain the
desired film thickness with same solvents then spin-coated on a silicon wafer for
40 seconds. The coated wafer was then heated on a hot plate for 1 minute at
200°C. The measured optical parameters are1.72 for refractive index (n) and
0.33 for absorption (k) at at 193 nm.

Example 23

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 9 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g

gamma-valerolactone to make a 1.0 wt% solution. A mixture of 0.06 g of 10% of
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9. The conposition of one of clains 1 to 8 where the hydroxyaromatic unit
Is derived from 10. The conposition of one of clains 1 to 9, where the
conposi tiwo 20e/for2e of an external crosslinker. 11. A pcoapsab@eis

manuf acturing a m croel ectroni c device, conprising; a)providing a substrate
with a layer of an underl ayer coating conposition fromone of clains 1 to
10;

dodecylbenzene sulfonic acid triethylamine salt in PGMEA/PGME 70/30, 0.06 g
of 10% of nonafluorobutanesulfonic acid triethylamine salt in PGMEA/PGME
70/30 was added in the polymer solution. The mixture then was filtered through a
micro filter with a pore size of 0.2 um. The solution was diluted to obtain the
desired film thickness with same solvents then spin-coated on a silicon wafer for
40 seconds. The coated wafer was then heated on a hot plate for 1 minute at
200°C. The measured optical parameters are1.76 for refractive index (n) and
0.30 for absorption (k) at at 193 nm.

Example 24

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 5 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 wt% solution. 0.2 g of 10% of triethylamine
in PGMEA/PGME 70/30 was added in the polymer solution. The mixture then
was filtered through a micro filter with a pore size of 0.2 um. The solution was
diluted to obtain the desired film thickness with same solvents then spin-coated
on a silicon wafer for 40 seconds. The coated wafer was then heated on a hot

plate for 1 minute at 200°C.

Example 25

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 7 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 wt% solution. 0.2 g of 10% of triethylamine
in PGMEA/PGME 70/30 was added in the polymer solution. The mixture then
was filtered through a micro filter with a pore size of 0.2 um. The solution was
diluted to obtain the desired film thickness with same solvents then spin-coated
on a silicon wafer for 40 seconds. The coated wafer was then heated on a hot

plate for 1 minute at 200°C.
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WO 2012/ 107823PCT/ 1B2012/ 000213 b) coating a photoresist |ayer above
the underl ayer coating ; c) inagew se exposing the photoresist |ayer;

d) devel opongidtoesphot oresi st | ayer with an aqueous al kacirng20dgv@opi ng
solution. 12. The process of claim1ll, where the underlayer coating |ayer
has k value in the range of about 0.05 to about 1.0. 13. The process of
claim 1l or 12, where the underlayer coating |ayer has k value in the range
of about 0.05 to about 0.5. 14. The process of one of clainms 11 to 13,
where the photoresist is inmageable with radiation fromabout 260 nmto
about 12 nm 15 . The process according to one of clains 11 to 14, where

t he develgﬁﬂﬁéﬂﬁﬁLnion I s an aqueous sol ution conprising a hydroxi de base.

Evaluation of Resistance to Solvents and Developer for underlayer Films made

from formulation examples 14-25.

PGMEA/PGME 70/30 solvent was dispensed individually on the coated and
baked silicon wafers from Examples 14-25. The solvent was removed by nitrogen
blowing after 60 s of dispense. No significant film losses were observed in the
solvent. Similar experiments were performed with AZ® 300 MIF developer. The
above EUV underlayer film demonstrated good resistance to developer. No

significant film losses were observed in the developer.

The films did not dissolve in the solvent or the developer showing good
crosslinking. The underlayer was also successfully crosslinked with and without
the thermal acid generator. In Examples 24 and 25, where a base was added to
the underlayer formulation, sufficient crosslinking was present despite the
presence of a base. This shows that even if base poisoning from the substrate is

present, the underlayer coating can still be functional.

Example 27

The underlayer solution of Example 20 was filtered using a 0.2um nylon syringe
filter. The sample was then coated on an 8” silicon wafer and post application
baked at 200°C/60seconds. EUV SEVR-139 photoresist (available from
SEMATECH, University of Albany, New York) was coated on top of the
underlayer. It was baked and exposed at SEMATECH using their 0.3NA
(numerical aperture) Albany Exitech micro-exposure EUV tool (eMET). After
development, the lithographic performance was evaluated with both a CD
scanning electron microscope (CDSEM) topdown measurement and cross

section pictures taken under an SEM microscope. The 30nm half pitch pattern -
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showed good photoresist pattern profiles with minimal footing and clean lines
without scumming. The EUV lithography was shown to have excellent
photosensitivity of 30 nm 1:1 L/S at 11.7mJ/cm?. The pattern also had good

collapse margin, depth of focus and process window.

Example 28

The underlayer solution of Example 22 was filtered using a 0.2um nylon syringe
filter. The sample was then coated on an 8" silicon wafer and post application
baked at 200°C/60seconds. EUV SEVR-139 photoresist was coated on top of
underlayer. It was baked and exposed at SEMATECH using their 0.3NA
(numerical aperture) Albany Excimer micro-exposure EUV tool (eMET). After
development, the lithographic performance was evaluated with both CDSEM
topdown measurements and cross section pictures taken under an SEM
microscope. The 30nm half pitch showed good photoresist pattern profiles with
minimal footing and clean lines without scumming. The EUV lithography was
shown to have excellent photosensitivity of 30 nm 1:1 L/S at 11.7mJ/cm?. The

pattern also had good collapse margin, depth of focus and process window.
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Claims

1. An underlayer coating composition comprising a polymer, where the
polymer comprises at least one hydroxyaromatic unit in the backbone of the
polymer comprising a fluoro or iodo moiety, and at least one unit comprising an

aminoplast.

2 The composition of claim 1, where the hydroxyaromatic unit has structure

(1),

where, R is selected from an iodo moiety and fluoro moiety, R, and R3 and
independently selected from an iodo moiety, a fluoro moiety, hydroxyl, (C;-
Cs)alkyl, hydroxy(C4-Cylalkyl, OC4-Caalkyl, (C=0)(C4-Cs)alkyl, C4-CjalkylO(C1-
Cs)alkyl, C4-Csalkyl(C=0)(C4-Cy)alkyl, C(O)O(C4-Cy)alkyl and R, and Rj; are

connected to form hydroxyaromatic ring fused to the phenol.

3. The composition of claim 1 or 2, where the fluoro or iodo moiety is
selected from |, F, Cy-Cufluoroalkyl, C1-C4 hydroxyfluoroalkyl, OC,-Csfluoroalkyl
C(O)C4-Cy)fluoroalkyl, and C(O)O(C1-Cs)fluoroalkyi.

4. The composition of one of claims 1 to 3, where the unit comprising an

aminoplast is derived from a glycoluril monomer or from a urea/formaldehyde

oligomer.
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5. The composition of one of claims 1 to 4, where the polymer further
comprises a phenolic unit free of a fluoro or iodo moiety, a thermal acid generator,

a polyester polymer, and/or a glycoluril polymer different from the polymer of

claim 1.

6. The composition of one of claims 1 to 5, wherein the hydroxyaromatic unit
is naphthol.

7. The composition of one of claims 1 to 6 further comprising a solvent,

and/or a secondary polymer.

8. The composition or polymer of one of claims 1 to 7 having a fluoro or iodo

content in the range of 1% to 30% by weight.

9. The composition of one of claims 1 to 8, where the hydroxyaromatié unit is

derived from
OH OH OH OH OH
OH OH OH
| E F FaC CF; FyC cFy, F F
OH
OH OH
F
F
F F !
10. The composition of one of claims 1 to 9, where the composition is free of

an external crosslinker.

11. A process for manufacturing a microelectronic device, comprising;

a) providing a substrate with a layer of an underlayer coating

composition from one of claims 1 to 10;
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b) coating a photoresist layer above the underlayer coating ;
c) imagewise exposing the photoresist layer,;

d) developing the photoresist layer with an aqueous alkaline

developing solution.

12.  The process of claim 11, where the underlayer coating layer has k value in

the range of about 0.05 to about 1.0.

13.  The process of claim 11 or 12, where the underlayer coating layer has k

value in the range of about 0.05 to about 0.5.

14.  The process of one of claims 11 to 13, where the photoresist is imageable

with radiation from about 260 nm to about 12 nm.

15. The process according to one of claims 11 to 14, where the developing

solution is an aqueous solution comprising a hydroxide base.
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