ANTIREFLECTIVE COATING COMPOSITION AND PROCESS THEREOF The present invention
relates to a novel absorbing bottom antireflective coating composition (BARG). The antireflective coating
composition comprises a 5 blend of two polymers chosen so as to give a hydrophobic acidic top layer for
the BARG. The invention further relates to a process for imaging photoresist coated over the novel
antireflective coating. Photoresist compositions are used in microlithography processes for making

it Generd) WELE pDULE o S N et P THIC ANEb S REe S e it applicd to
a substrate material, such as silicon based wafers used for making integrated circuits. The coated

substrate is then baked to evaporate any solvent in the photoresist composition and to fix the coating onto
the substrate. The Délee presaied isueaternfdmdStabstradees abgoshibgdiettamaantitafieetivge exposure

to radiation. This radiation ex s.a.chemical transformation in.the ex areas of the
coated sut- 22 R A G A e b B S R R PRI chiation
types cédmmblendisédwodaylymerisrchitdsegraphis poogiessa hpdreptnidionacidioisp éxyersimethbe coated
20 substrated t i velope utj iSsolv. remoye eithe radiation-exposed or the
unexposed aérégs?gf gv 6&1\6 §Hasr|]s gﬁﬁgérﬁg){f}ré%ﬁo%vé@ga%% %ﬂ'é&gfggtléﬁgg%%egrh%gﬁgu% or devices
has led to thevesdlof newepbotoefkistivehavatiegensitive to shorter and shorter wavelengths of radiation
and has also led to the use of sophisticated multilevel systems to 25 overcome difficulties associated with
such miniaturizatiorﬁ’.h@fb@tﬂﬁﬁﬁg emvedsitons g@&ing§%dmnwr®mggmonm@g®ﬁ$y foe used to
diminish propiemaghahisiizan hackiFelirc e AEUABKILTAINANIKLTRCHKE Sligttalign_of In Orderto
further improve the resolution and depth of focus of photoresists, immersion lithography is a technique
that ha@be_eemr@egtaﬁ @aj@ﬁdané r_ie&muatgdliﬁﬁwiisdeasu&r_amplém (mgsmh@mapﬁwma@m@jmhe_
D O nragIReB AR REhet b IR IR QBRI drsBrmavolet
Switkes et al., Proceedings of SPIE Vol. 5040 (2003), pages 690-699.  In order to form patterns in a
photoresist fiHcht o aseet W@@NN@Q@S&P@%@@@HQEQ@&@ SXisOsing rhldeasoatead NA is the
numerical aefiieal RERAS HaKEXRRSUIRL ARE S GdheN PARDBRBIIRRISS daHBIS RRfE NG
Double patterning provides a method for increasing the density of photoresist 10 patterns in a
microelectrofddévid. thepieamying dentslctpateyhritpictirst Prokakeitgratech ss/HafRealfofha substrate
at pitches greaigh thendm2INAROCLeR I ARAIRLRSE 8,3reand RNRIaTSRI; pattern is defined at the

same pitch as the first pattern between the first photoresist pattern. Both images are transferred

simultaneous to thersbsiisvi iR Ee7H BBaRICh Rk iibalTRIABR ANaIR A 9 tRe%BEsed

Conventional single layer BARC's are not adequate in the controlling reflectivity to less than 1% for all

incident angR$a$ |hdhRysRRIEBpHedABAS WiBRIanioRia eiaadeiet &/ Xbdain @esiropregasiiings of
SPIE Vol. 575(R0%5) rAERS dAdrgParSradri GHARSS WisiHERE Baaisaajps offer improved

microlithographic processes. After this image-wise exposure, the coated

20 substrate is treated with 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 shorter and shorter wavelengths
of radiation and has also led to the use of sophisticated multilevel systems to

25 overcome difficulties associated with such miniaturization. Absorbing
antireflective coatings and underlayers in photolithography are used to diminish

problems that result from back reflection of light from highly reflective substrates.



20 reflectivity control. Initially, such materials were based on inorganic films prepared using Chemical
Vapor Deposition CVD as in US 6,297,521. More recently, (Brodsky et al US 7,588,879 B2) graded
organic BARC's have been described that can be formed in one spin coating operation from a mixture of
two polymers that phase separate from each other and have different optical 25 properties. Immersion
and Double patterning/immersion lithographies are some of the most useful and important technologies

for manufacturing devices, particylarly for 32 nm feature imaging and beyond in the integrated circuit
industry. It is desiraBIe%al‘?gv OarL#Wg gEtiUQ%@é’tﬁwé 8mﬁ?§§%\’3ﬁ>§wﬁgi Ig%ﬂﬁs hi%%cﬂgveo inely tuned
BARG wetalpligptdne sevs| openaiesrekfesyrgpanpds3artachnid ue dessire o esohasge iotexastidn between
BARG and photoresist.is_critical for good lithographic performance, such as reflectivity contrgl and
footinglscunt Ra S S R RO ARh e PSR i RS s b SR s, The
present novétrmnéreitectitleogpaphy & oyssited ihuseivdeion igmeksian lithography as dedms
immersion lit raphy/douhle patterning applications, the I [ve coatin surface
contact ngIQ%%Q(g@{n%{@ﬂfﬁg ﬁ&a%uf%ﬂ%%%é?i%ﬁs?jt%&%%Ofm?@%i%ﬁmﬁ%ﬁ%ggﬁé 0 has a .good
performance. being hEC Bt S8 T EGHL A 1 KGRl o e LR (oo Tha ek enton
relates to an(angirtte otivectmadithg afohg isipgsingiridiatiiradinst NAlyisiendmedcaindpeetyneer, and a
thermal acid erator, where the first polymer comprises, at least one fluoroglcphol moiety, at least one
15 aliohatio K ARG T e A AP R ALIGURIER, WaSeh Tha G5! oA PN B gin the range
of about 8 toDxtle 1jatdraiegherseicasd pohatiesdsfar éacteasipgdhet deasiymohqhasdezsispound with a
compo, dcoqprising.at least.one r@ygrox%l and/or at least ope acid rclg . The invention fyrther relates
to 2 proPessHEN Gl the haVl CEREISHEN HEHFS: abRISEL 20 EfertesBANRNIBR DPaulifhs Figure 1
shows ExanpHesoné sistnsuitters fier detifdguon 2 Substr disan pitshelsngoeateetsdar(2)Mgureng shows
Examples of monomers for P3. 25 Figure 4 shows Examples of monomers, for P4 Figure 5 shows
Examples of 1H G AR R SIS G CHAV BRI BB LR A BFIARS BoDsISaBRRIRIGR of the
Invention  thé igspriesrsirinvemiinsmrelatarstpantantsaltantiteraoBing rnagyisire aranxforeedf at least 2
polymers. Tg?rr?u %gﬁg%%%v?oc ae“”s%ﬁgﬁ‘é%gs\'fv'i?ﬁ‘ ?r?én ergslﬁﬁng pitch that is half of the single

15  exposures.

Conventional single layer BARC’s are not adequate in the controlling
reflectivity to less than 1% for all incident angles in lithographic applications
where the NA exceeds 1.0 Abdallah et al., Proceedings of SPIE Vol. 5753 (2005),
pages 417-435. Graded BARC’s with tuned n and k values offer improved

20 reflectivity control. Initially, such materials were based on inorganic films
prepared using Chemical Vapor Deposition CVD as in US 6,297,521. More
recently, (Brodsky et al US 7,588,879 B2) graded organic BARC’s have been
described that can be formed in one spin coating operation from a mixture of two
polymers that phase separate from each other and have different optical

25 properties. Immersion and Double patterning/immersion lithographies are some
of the most useful and important technologies for manufacturing devices,
particularly for 32 nm feature imaging and beyond in the integrated circuit
industry. It is desirable to have antireflective coating compositions where BARCs
which have finely tuned BARC wetability by developer after exposure and

30 minimal undersirable exchange interaction between BARC and photoresist is



5 at least a first polymer and at least a second polymer different from the first polymer. The first polymer
comprises at least one unit with a fluoroalcohol moiety, at least one unit comprising an acidic moiety other
than fluoroalcohol, and least one unit with an aliphatic alcohol. The unit with the acidic moiety may be an
imide or aromatic alcohol (such as phenol, naphthol, etc). In one embodiment, the 10 acidic moiety may
have a pKa in the range of about 8-11. The first polymer may further comprise at least one unit
comprising an.aromatic moiety. The novel composition comprises a second polymer which is
polymerizatiGH UGG 19000CH TR RSO ML CBIRPEEmc Woh red S W p SRl RbriBising at least
one hydroxyfguting/aodmrratigetibrorespeidaipipinmmreiombadiohsut the dtferaaaji@cemnionnd
comprises 2 ?{] more h)é:jroxy groups (polyhydroxy compound or polyol), a compound containing 2 or
more acid gtJb 89%%*[&'/ Tid compound), or a hybrid compound containing both a hydroxy and an acid
group. The secondpolymer may comprjse reactive.amingmethylenealkoxy.or aminomethylenehydroxy
Thoieties (N-CH2-01 - B T e B e S8 a2y RS the
first polymerintmsraitowitithtgrdpstyofgsolymedr tasmignatersiomardghbgrapiigtoobtae patiezdifign from the
novel antireflective ing o ition,. ovel composition.is ¢ le of ing a ically graded
antretiecive PR et IRE e e DN s & SR S BT BT e
antireflectiventateipogitibatiurtlibe 25hctonesisté s1aetharrimahferil deliibegoagmA Guiviatse hascidon is to
enhance crogsdi L be salfkoompoRRNi gldbe srpRasiian e ISRl iR aRAgic s ent

The novel antireflective coating composition comprises at least two polymers, a first polymer and a
second polyplevtorkeisit stgsofpradrithogeasb s J@Hoem expeabenis feedefst@me an@ dededdast one of P2,
at least one of P3 and/or P4, and an optional repeat unit (P5). The composition of the first polymer type
may exemplified by the following structure (I). (-1D1 )u (-1D2 ) v(-1:)3 )(F4 )x (-P5y 5(I) where Pl is a
monomeric W sibenifiventislzohol moiety, P2 is a monomeric unit comprising an aliphatic alcohol
group; P3 is a monomeric unit comprising an imide moiety; P4 is a monomeric unit comprising a
base(alkali) 10 ionika®l@E§eRidibY§NtoRtePESs tin aptiontiefiesiiieefeatpatempdsift®ring an aryl
chromophorg IRl Vit oty B SRIFSPRIHIRI IRGBRIeAPIPRALIR Of ERPBRINRLR I @ polymer
chain and where u,v, are greater than 0, at least one of w and X is greater than zeroand y is zero or
greater. P2 iwhaferihadiishrenphaterapiirs. ah leastanpditintenicRBPoneirty cahipaskenel, 15 P2,
P3 and gptionally-ia- {0 #BQINSH IO UME B} e BOlRCL CRMAHRES Bthd?2nBA AldraligsRy PS In

another embodiment the polymer comprises P1, P2, P3 and P4, and optionally P5 In the first polymer,

the unit P1 ceitpAshttatie Horeaeewf arsietydniayabedelilewhera the sRERIMACPAINMBAING structure 2
where X is efbylapif Pradfl st RFIBHESRINYINAL BOIRPORCHI ™S @a?n%ﬂm?'&%rﬂfp%r%?'&mer’ Rfi and

Rf2 are independently a fluoro(Ci-C6)alkyl group and W is selected from a direct valence bond and a

spacer groupe¥stangl8y drxyrRreyRIUpasedRyRCkgrewre T Apyinveatigh dHethaiktalatethireof. The
ethylenic groé‘Brgl?é’sQEfcﬁL{'PﬁH@Eﬁ@ Hﬁ@é‘f)@oﬁfﬂbsﬁ’ﬂm%t%rrﬁl@HQ%QSB}"’ etc. More specifically, 1P1 may

be derived
20

Brief Description of Drawings

Figure 1 shows Examples of monomers for P1
Figure 2 shows Examples of monomers for P»
Figure 3 shows Examples of monomers for Ps.
25  Figure 4 shows Examples of monomers for P4
Figure 5 shows Examples of monomers for Ps

Figure 6 shows Examples of aminoplasts



25 from monomers of structures 3, 4, 5 and 6, (2)(3)(4)(5)(6) where R1, R2 and R3 are independently
selected from hydrogen and (C1-C4)alkyl, 5 R4 is a (Ci-Cio)alkyl group or an (C8-C14) aryl moiety (such
as phenyl, naphthyl), R5 is a direct valence bond or a spacer group, where the spacer group may be
alkyl, alkyl ester, aryl, aralkyl; Rfi and Rf2 are independently a fluoro(Ci-C6)alkyl group (such as CF3,
CF2CF3, CH(CF3)2), CF(CF3)2) and the like); R6 and R7 are independently selected from hydrogen,
(Ci-Cio) alkyl group, an aryl moiety (C6- 10 C14) (such as phenyl naphthyl), a (C2-C8)carbonyloxyalkyl
(such as CO2-0CH3), and (C2-C8) carbonyl (such as formyl, acetyl). Examples of R4 are linear
(CiCio)alky! pretaiiiddusbsasiptietingf ¢1byhveptiopyl), branched (C3-C10)alkyl group (such as isopropyl,
isobutyl), (C5-C12)cyclic alkyl group (such as cyclohexyl, cyclopentyl). Examples of R5 are a direct
valence bond or a Sjeegrrgsmnt socbntlGnasdlabss $elestedritiveflecliveacalitingneq@pr3i) (such as
methylene, ethylene). branched. alkylene (C3-C12 alkylen 5-C12). and.arylene spacer group
(C8-C14) (sm#gsrep ﬁr%?l!eenaes(?t nZSSéHW%ﬁ(Se).gﬁgﬁrt eﬁ%é)t%&t&gscgé &éga%o gﬂlegarfll?r?e@?rép efl group
(C1-C10), (sacheastheetfisdt qrblymepanpyiatbleashed sdkoingtuey@8rClitie (satramigberdipgt, isobutyl)
and & oyclc PR RS RN Sl SYCORE SRTSIBCAR R aad roudtiout
alkyl refers to Tinear, branched, cyclic or mixtures thereof. Figure 1 shows specitic non-llmltlna examples
of fluoroalcoableastety ®aainganyizing s framidibiotoieby ldtberdbavetiub &t akpk atnchiefrein the

I it. ich_is.1h ' ising th
Seaiipnatic stk driwth A ATHHESNE, MRS TRt WE A RS MO BTEIARs e s
described previasigatl'atchhotogcivoras PO b alkyihtioluretahdIR Diseselstiedifremt a iieect bond

d i-C 9 I i-Gi |
cinylend (RO BRI R o kel R BN BBBE T eI, BB oyt
alkylene spamr@noapmwmaiymm@mmmm;ing).anigan@”a!aﬁ'cshnwietype‘éms exaeiples of
monomer St%%%i{fgﬁn Wig?ees Pg g@E&?&'g&?ﬂgpv\ﬁﬂic#%I%"%cg?))n]rgrization reaction

product of an aminoplast compound with a reactive compound comprising at

least one hydroxy group and/or at least one acid group. In one embodiment the
15 reactive compound comprises 2 or more hydroxy groups (polyhydroxy compound
or polyol), a compound containing 2 or more acid groups (polyacid compound),
or a hybrid compound containing both a hydroxy and an acid group. The second
polymer may comprise reactive aminomethylenealkoxy or
aminomethylenehydroxy moieties (N-CH,-OR, R=alkyl or H). Furthermore, the
20 second polymer is less hydrophobic than the first polymer, thus allowing the first
of polymer to migrate towards the surface of the coated film from the novel
antireflective coating composition. The novel composition is capable of forming
an optically graded antireflective coating where there is a gradation in the
refractive index and absorption in the film. The antireflective composition further
25 comprises a Thermal Acid Generator (TAG) whose function is to enhance cross-
linking. The solid components of the composition are dissolved in an organic

solvent.

The novel antireflective coating composition comprises at least two
polymers, a first polymer and a second polymer. The first polymer comprises

30 three repeat units, at least one of P4, at least one of P,, at least one of P3and/or



In the first polymer, the unit P3 bearing the ionizable imide polymer repeat unit is derived from two
possible monomer structures (8 and/or 9). Structure 8 is a cyclic imide where R9 is a direct valence bond
or an (Ci-Cio) alkylene group. Structure 9 is a noncyclic imide where R1, R2 and R3 are independently
selected 15 from hydrogen and (Ci-C4)alkyl, R"4 is a linear (Ci-Cio)alkyl group or an (C6-C14) aryl moiety
(such as phenyl, naphthyl). Examples of R9 are a linear alkylene spacer group (C1-C3), (such as

methylene, ethylene) or a hranched alkylen cergroup (C2-C10). R4 /-0 N\ 200H(8)0 NH(9)
Spectic non i SRARIRE BeAb T bamers ol RURRIFR (e (HERRIMEBelhiy ionizable
moiety, woulehde elasiptifieatby tre Fotlowingssthactdre @e shown in Figure 3. In the first polymer, the
unit P4 is derived from monomer units (10a) or monomer unit (10b), where Ar is independently an aryl
moiety such as phenyl, naphthyl, anthracenyl and the like, R1 R2, R3, R4, R5, Rs, and R7 are as
previously déﬁ%ﬂﬁ%ﬁ&ﬁ)&ﬁ%ﬂ%&y@p@ﬁfﬁw}yz1-3 in structure 510a and 10b). Figure
4 shows specific non restrictive examples derived from structure 10a and 10b. o_R5__Af(OH)n (10b)

S (1)

where Pq is a monomeric unit comprising a fluoroalcohol moiety, P, is a
monomeric unit comprising an aliphatic alcohol group; P3; is a monomeric unit
comprising an imide moiety; P4 is a monomeric unit comprising a base(alkali)
10 ionizable arylhydroxy moiety; Ps is an optional monomeric repeat unit comprising
an aryl chromophore moiety; u, v, w, X, y are representative of the mole%
proportion of repeat units in a polymer chain and where u,v, are greater than 0, at
least one of w and x is greater than zero and y is zero or greater. P, is a
nonfluorinated aliphatic alcohol. In one embodiment the polymer comprises P4,
15 P2 Psand optionally Ps. In another embodiment the polymer comprises P4, P2 P4
and optionally Ps_In another embodiment the polymer comprises P4, P2 P3; and

P4, and optionally Ps.

In the first polymer, the unit P4 comprising the fluoroalcohol moiety may be

derived from the monomer unit having structure 2 where X is ethylenic or

20 substituted ethylenic moiety which forms the backbone of the polymer, Rf; and
Rf, are independently a fluoro(C¢-Ceg)alkyl group and W is selected from a direct
valence bond and a spacer group. Examples of a spacer group are alkyl, alkyl
ester, aryl, aralkyl and mixtures thereof. The ethylenic group may be substituted

by alkyl, aryl, alkylester, alkylcarbonyl, etc. More specifically, P4 may be derived

25 from monomers of structures 3, 4, 5 and 6,



10In the first polymer, the optional unit P5, is a chromophore repeat unit and is derived from either the
monomer unit (11) or the monomer unit (12), where Ar is independently an arylene moieties such as
phenylene, naphthylene, anthracenylene, R1 R2, R3, Ra, R5, Rs, and R7 are as previously described. R4
is not hydroxyl. 15 R6\ 2R6 /jOirR4 R7(11) 0-R5-_A -rR4 '(12) Figure 5 shows examples of monomers of
structure (11) and (12) which may be used to form the polymeric unit P5. 20In one embodiment of the first
type of polymer, the polymer may comprise repeat derived from rgongmer units P1, P2 and P3 as

described herein. In one embodiment the first polymer is, R20 R 0 R4 68HI Re
Ri R Ri R R o
X
e
W R )~o- °
DU T
Rf{ | "Rf R Rf R
"OoH 2 Hjmz HO R, HO R OHRf1

(2) 3) (4) () (6)

where R4, Ry and R3 are independently selected from hydrogen and (C4-Cj)alkyl,

5 Rsis a (C4-Cqp)alkyl group or an (Ce-C44) aryl moiety (such as phenyl, naphthyl),
Rs is a direct valence bond or a spacer group, where the spacer group may be
alkyl, alkyl ester, aryl, aralkyl; Rf; and Rf, are independently a fluoro(C4-Cg)alkyl
group (such as CF3, CF,CF3, CH(CF3),), CF(CF3)2) and the like); Rg and R; are
independently selected from hydrogen, (C4-C+o) alkyl group, an aryl moiety (Ce-

10  Cq4) (such as phenyl naphthyl), a (C,-Cs)carbonyloxyalkyl (such as CO»-OCHj5),
and (C,-Cg) carbonyl (such as formyl, acetyl). Examples of R4 are linear (C;-
Cqo)alkyl group (such as methyl, ethyl, n-propyl), branched (Cs-C1p)alkyl group
(such as isopropyl, isobutyl), (Cs-Ci2)cyclic alkyl group (such as cyclohexyl,
cyclopentyl). Examples of Rs are a direct valence bond or a spacer group such

15 as those selected from a linear alkylene (C4-C1g) (such as methylene, ethylene),
branched alkylene (Cs-C42) cycloalkylene (Cs-C42), and arylene spacer group
(C6-C14) (such as phenylene, naphthylene). Further examples of Rg and R; are a
linear alkyl group (C4-C1p), (such as methyl, ethyl, n-propyl), branched alkyl group
(C3-C1p) (such as isopropyl, isobutyl) and a cyclic alkyl group (Cs-C+2) (such as

20 cyclohexyl, cyclopentyl). Generally herein and throughout alkyl refers to linear,
branched, cyclic or mixtures thereof. Figure 1 shows specific non-limiting
examples of fluoroalcohol moiety bearing monomers from which would be

derived the P repeat unit from the general structure 2.

In the first polymer, the unit P2, which is the repeat unit comprising the
25 aliphatic alcohol group is derived from the monomer having structure (7) where

R4, Rz, and Rs, are as described previously, R4’ is hydrogen or an (C4-Cqo)alkyl



R9 R5 RfiHOR4 HO Rf2 The first polymer may be represented by, 5 Rfi HO Rf2 (14) (15) In another
embodiment of the first type of polymer, the polymer be

group, and Ry is selected from a direct bond and a (C4-C1z)alkyl spacer group. Ry
may be an alkylene spacer group (C4-C10) such as methylene ethylene (-CHz-, -
CH,CHy-), a branched alkylene spacer group (C3-C12) such as (-CH(CH3),-), a
cyclic alkylene spacer group (such a cyclopentyl or cyclohexyl ring). Figure 2
5 shows specific examples of monomer structures from which the P, unit could be

derived.

10
In the first polymer, the unit P; bearing the ionizable imide polymer repeat

unit is derived from two possible monomer structures (8 and/or 9). Structure 8 is
a cyclic imide where Rg is a direct valence bond or an (C4-C4p) alkylene group.
Structure 9 is a noncyclic imide where Ry, Rz and R3 are independently selected
15  from hydrogen and (C4-Cy4)alkyl, R4 is a linear (C4-Cg)alkyl group or an (Cg-C14)
aryl moiety (such as phenyl, naphthyl). Examples of Rg are a linear alkylene
spacer group (C4-C3), (such as methylene, ethylene) or a branched alkylene

spacer group (C2-C1o).

R R R“
—N
\ R, 5/ NH

O
20 o H (g 9)

Specific non limiting examples of possible monomers from which the unit P3 the
imide bearing ionizable moiety, would be derived based on Structures 8 and 9

are shown in Figure 3.



and more specifically, (17) The structure for the polymers resulting from the polymerization of four
specific monomersisopropylhexafluoroisopropanolmethacrylate,maleimide, Shydroxypropyl methacrylate
and styrene is shown in (18). CF 3 HO CF3 (18) 10The first type of polymers of this invention may be
synthesized using any known method of polymerization, such as free-radical polymerization using a
catalyst. The polymer may be synthesized using solution, emulsion, bulk, suspension polymerization, or

the like. The polymers of this invention are polymerized to giv olymer with a weight average
molecuiar werght MO {15 BbAODBI b Al B8 000 B Eme RSG50 o A izt i
chosen suchtbabihedfitgiipohobir whaie Meris undepuahdenthe atesirgd iividdyesscdi e giiedgt] mixture of
the two types of polymers. The polydispersijty (Mw/Mn) of the_free-radical polymers, ywhere Mw is the
weight avera{baeorﬁﬁpét:ulm&@%ﬁkaaﬁa ﬂ% e ér%%e%é’eeﬁfo&ghld%%em, I(%nar%gaesfrom 1.0 to
10.0, where gieviously described and has at least one hydroxyl substituent (n=1-3 in structure

5 10a and 10b). Figure 4 shows specific non restrictive examples derived from

structure 10a and 10b.

Re iR3 R; Rs
—(OH
Ry (10a) O (10b)
10 In the first polymer, the optional unit Ps is a chromophore repeat unit and

is derived from either the monomer unit (11) or the monomer unit (12), where Ar
is independently an arylene moieties such as phenylene, naphthylene,
anthracenylene, R1 Rz, R3, R4, Rs, R, and Ry are as previously described. Ry is

not hydroxyl.

15
% R\3 R17 R3
A‘(Rll R1 7 T"0—R /R4
5
& (11) 0 Al (12)
Figure 5 shows examples of monomers of structure (11) and (12) which may be
used to form the polymeric unit Ps.
20 In one embodiment of the first type of polymer, the polymer may comprise

repeat derived from monomer units P4, P, and P3; as described herein. In one

embodiment the first polymer is,



molecular weights of the polymer may be determined by gel permeation chromatography. The novel
composition of the present invention comprises at least two polymers which phase separate from each
other with the first polymer going 5 predominantly to the surface of the coated film. The surface of the film
contains a small amount of the second polymer which crosslinks with the first polymer, thus curing the
entire film. Therefore, a concentration gradient is present in the top portion of the film with the surface
containing the highest amount of the first pglymer and the bottom of the film containing the highest
amount of the secbnd/"#0 pelym Jiti ly, the two types of polymers form a cross-linked network
during baking sugh th %ﬁ%@wgsis to spin casting solvents of the photoresist coated over the
novel coating. The surface of%h@\BARG filmas wetable by aqueous alkaline developer, especially after
exposure and during @eyBiopmerit, thus minimizing scumming and footing of the imaged photoresist 15
features formed on the sikface of novel BARG film. Furthermore, the optical constants, refractive index
and absorption, of th&ffirst and second ptlymers are such that the coated film has graded optical
constants through the"8ARG film giving optimal dritfkflective characteristics. The composition range of
P1 repeat unit in the first type of polymer ranges 20 from about 20 to about 60 mole %. A more specific
composition TaRG%48 FHIPHIF AR BaUYEpPIRINESE- Jy1e P3 and/or P4 polymer repeat unit bearing a base
ionizable moiety provides good aqueous base wetability during development in an aqueous alkaline
developer. P3 and/or P4 is in the range of about 15 to about 45 mole% or about 20 to about 30 mole%.
The total mole%dicompasition of 25 fepeafunits P1 and P3 and/or P4 the fluoroalcohol bearing and
ionizable moieti m n 30 to 80 mole%, or a range of 50 to 70 mole%. The range
provides good afj S ility while still allowing the first type of polymers to migrate to the
surface of the polymgr bfgend.hn'rhe total m;§ % composition of P2 is 10 to 40% or 15 to 35%. The optional

P5 polymer repeat BO\s(nﬁs béhring a UV absorbing moieties may have a composition range of O to 20
mole %. A composition i@hge of 5 to 15MoleP may be used when present. This unit may be used to
finely tune the optic&hcyzfnstants S0 as to provide maximum antireflective properties. 5The first polymer
useful ér this inventitR is%zreferably chosen to hél) a range of contact angles with water of about 65-85
or about 70-80 which provides for a good phase separation from the second type of polymer. The first
polymer preferably has a contact angle with aqueous alkaline developer of 55- 65 after the imaging
process, that is gfter’ su d development. The 10 developer is typically an tetramethylammonium
hydroxide or 2.%@% te th monium hydroxide. to the novel composition minimizes footing
and scumming of featurés 'qmaﬁed in photoresist coated on the BARG. Furthermore, the range of n and k
at 193 nm for the firStqS6tyrtier shoulc%s n=1.5-1.75 and k=0.05-0.35 or n = 1.55-1.70 and k= 0.1-0.3.
Although described 15%re rangest6f aptical constants at 193 nm, similar optimal values exist for other
wavelength of ultravi tdight such as 248 ng The novel composition of the present invention
comprises a second polymer which is the Q)ndensation polymerization product of an aminoplast with a
reactive compound comprising at least one hydroxy group and/or at least one 20 acid group in the
presence of K @nailet ambosiraeal ffdhg tstityperrhpetineie Sigdalyangs PAminoplast polymer are
descrihed in US 7,691,556 and US 2010/0009297, which are incorporated herein by reference. In one
embodiment the ke1act|v|s compound comgrlsesR’Z or m(?{réa hyq%)xy groups (polyhydroxy 25

Ao : Rg R
4
Rs

Rf17( HO Ry

HO Rf (16)

and more specifically,



compound or polyol), a compound containing 2 or more acid groups (polyacid compound), or a hybrid
compound containing both a hydroxy and an acid group. The aminoplast contains reactive
aminomethylenealkoxy moieties (N-CH2-0- alkyl) which partially react with the compound comprising at
least one hydroxyl 5 and/or at least one carboxylic acid group to form a resin forming the second polymer.
Although some of the aminomethylene react in forming the second type of polymer some of these remain
unreacted so that they may self crossli|_r|1k or ﬁrosslink with the graded blend of the two polymer types
through the P3 altoholfearing repeatunits/6f the flrst type of polymer. Typically, the aminoplast is 10

: /i,
reacted with the a id eghta compoind in a solvent such as propylenegylcol

monomethyetheracetate M Br%imila solveits, Ard heated with stirring in the presence on an acid
catalyst such as paQat luenesulonic acid for ©everal h{ \The polymer is typically recovered by
precipitation into watéda theﬂ dried. The a inoplast pg,polymerized to form 15the second type of
polymer is selected from\the group consisting of the following4having either structures 19-26, where each
R10is CH20(CH2)mCH3CE|ach R11 and '®42 & independently hydrogen or C1-C10 alkyl, and m is O to
3. Rs,0/RioRior NN 1(20) 1818 Ri oHN,T#NyNHRi O NyN 1(21) ,....N.., RioRi 0

HO Rf (17)

The structure for the polymers resulting from the polymerization of four specific
monomers  isopropyl  hexafluoroisopropanol  methacrylate,  maleimide,

5 hydroxypropyl methacrylate and styrene is shown in (18).

H CH, H CH; H H
0]
H % ; é\ H f H
fe) (@] N (0] o
O\<CH3 b /2
CH, HO CH,

CF4

HO CF3

(18)

10 The first type of polymers of this invention may be synthesized using any
known method of polymerization, such as free-radical polymerization using a
catalyst. The polymer may be synthesized using solution, emulsion, bulk,
suspension polymerization, or the like. The polymers of this invention are
polymerized to give a polymer with a weight average molecular weight from

15  about 1,000 to about 80,000, or 5,000 to 30,000. The molecular weight is chosen
such that the first polymer coats more uniformly at the desired thickness of the
graded mixture of the two types of polymers. The polydispersity (Mw/Mn) of the
free-radical polymers, where Mw is the weight average molecular weight and Mn

is the number average molecular weight, can range from 1.0 to 10.0, where the

10



R/10 RHNNN 1 o---..."4-\ | --i- Rio N,,,...... -, N1(22) "A., R10 R10 Examples of aminoplasts are such
as those which are commercially available from Cytec Industries under the trademark CYMEL and from
Monsanto Chemical 5 Co. under the trademark RESIMENE. Condensation products of other amines and
amides can also be employed, for example, aldehyde condensates of triazines, diazines, diazoles,
guanidines, guanimines and alkyl- and aryl-substituted derivatives of such compounds, including alkyl-

and aryl-substituted melamines. Spme examples of such compqunds are N,N'-dimethyl urea
ObensoureMIESHA MR forRiag U BN E B Y ket ALY, Sel Pemeaton
chloro-4,6-digimimategy@iphgzine, 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]5wrianwne!, tde (apasitioar md niyianm reg&nd zineeN i iN ‘chm trisenaethdegstetivglurea and

the Iike.Othe‘goqy%sépée\ﬁmgho%ﬁ%séirmscélrj)g?ate from each other with the first polymer going
5 predominantly to the surface of the coated film. The surface of the film contains a
small amount of the second polymer which crosslinks with the first polymer, thus
curing the entire film. Therefore, a concentration gradient is present in the top
portion of the film with the surface containing the highest amount of the first
polymer and the bottom of the film containing the highest amount of the second

10 polymer. Additionally, the two types of polymers form a cross-linked network
during baking such that the coating is resistant to spin casting solvents of the
photoresist coated over the novel coating. The surface of the BARC film is
wetable by aqueous alkaline developer, especially after exposure and during
development, thus minimizing scumming and footing of the imaged photoresist

15 features formed on the surface of novel BARC film. Furthermore, the optical
constants, refractive index and absorption, of the first and second polymers are

such that the coated film has graded optical constants through the BARC film

giving optimal antireflective characteristics.

The composition range of P4 repeat unit in the first type of polymer ranges

20 from about 20 to about 60 mole %. A more specific composition range is about
35 to about 50 mole%. The P3 and/or P4 polymer repeat unit bearing a base
ionizable moiety provides good aqueous base wetability during development in

an aqueous alkaline developer. P3; and/or P4 is in the range of about 15 to about

45 mole% or about 20 to about 30 mole%. The total mole% composition of

25 repeat units P4 and Psand/or P4 the fluoroalcohol bearing and ionizable moieties
respectively can be between 30 to 80 mole%, or a range of 50 to 70 mole%. The
range provides good aqueous base wetability while still allowing the first type of
polymers to migrate to the surface of the polymer blend. The total mole %
composition of P, is 10 to 40% or 15 to 35%. The optional Ps polymer repeat

30 units bearing a UV absorbing moieties may have a composition range of 0 to 20

11



compounds shown in Figure 6. Additionally, including their analogs and derivatives, such as those found
in Japanese Laid-Open Patent Application (Kokai) No. 1-293339 to Tosoh, as well as etherified amino
resins, for example methylated or butylated melamine resins (N-methoxymethyl- or N-butoxymethyl- 5
melamine respectively) or methylated/butylated glycolurils, for example as can be found in Canadian
Patent No. 1 204 547 to Ciba Specialty Chemicals. Various melamine and urea resins are commercially

available under the Nicglacs (Sanwa Chemical , Plastopal (BASF AG), or renal (Clariant GmbH)
racdenames M7 0B uo 2t COBVABRL GHEA R et e 1) B SR WORT REC SOl
comprising of lglyaahitrisragving tireeGtractime |y OtEmantipe Dpfighlicotmiinnate tira(@lkoxyrostbgl)glycoluril,
may include, e.q., tetra(methoxymethyl)glycoluril,

tetra(ethoxym@%%ﬂw/ F#’[l)SE\r/‘éYﬁBi[E?gSy' ethyl)glycoluril,tetra(i-

propoxymethyl)glycoluril tetra(n-butoxymethyl)glycoluril tetra(t- 15 butoxymethyl)glycoluril, substituted
tetra(alkoxymethyl)glycolurils such as 7- methyl tetra(methoxymethyl)glycoluril, 7-ethyl

tetra(meth thyhalyealuril, 7-0= or - | Il 7-0- _ or t-)butyl
tera(matnogmetny g ioip S SeK B HFaENoR o Shda lodeh 1 feecd Hou
tetra(methoxpaneehyfgiseotasl, r8Ei9- with-)\wespyl of about 65-85° or about 70-80° which
20tetra(methoxyr Il 7-8-li(ic utyl i Z-methyl-8-(i-
e mrony et S T e TS uncer
the trademaﬂ@W@NﬂERﬁgﬂﬂki'Yr@mt@@ﬂmﬁﬁmwﬁh ROWFDIERalININEL 1e) etnper @idiﬁpleg include
methy'pfopy@“aéﬂsﬂ‘%é!%%ﬁﬂn 5@)95’(%%%{"?@:5}(1i@%ﬁe‘!@?ﬁ?%%?@@ﬁ@%%%@% Copydl. Figure 6
minoplast ple of the

gives examples of specific ami materials. Example of glycourils is tetramethoxymethylglycouril
In the PBlymeeyatanenf ihetypinaiy palynietrametbdodioeiuof thlsexidad eonpbduneightiake the

polymer ma - sep,3[fro r ISt ; o] nd/or a
X%F‘eamgﬁ%gﬁﬂ%}ﬁlﬁ%“ﬂl}%% Sep3HOMR %@?&iﬂsﬁiﬂ%&% }é’fc%ﬁP]g

cyanuric acid (28). In structure (27) R13 is a spacer gr as an (Ci-C12)alkylene,

where alkyledRdmagwareirgn@ifidedyresindmegrdieiie @latgsisicieastasbtioyienbe etBBSe), branched
alkylene (C3rG ARk AhEVSIORKYISRE & or GlahdRL 4t f@&e%dftsprmayﬁ@ge@ﬁ%)@n%&% glfl, an aryl

(C6-C20) (such as phenyl), an alkyl 5 substituted aryl (C6-C20) (such as -Ph ), an alkylaryl derivative
(C6-C20) (stichl & 1) kir@ @otiAetr oF Branthédlalldyayditex - dreuh (Alibresh-iesHirgdin the group

consis{gg OLFHYCHIES A BRREMNCENSNEERE MYCARES SiMTIF SPRTIAF FXREWIEXiAHRISHHNO

wavelength of ultraviolet light such as 248 nm.

The novel composition of the present invention comprises a second

polymer which is the condensation polymerization product of an aminoplast with

a reactive compound comprising at least one hydroxy group and/or at least one

20 acid group in the presence of a catalytic amount of a strong acid such as
toluenesulfonic acid. Aminoplast polymer are described in US 7,691,556 and US
2010/0009297, which are incorporated herein by reference. In one embodiment

the reactive compound comprises 2 or more hydroxy groups (polyhydroxy

25

12



For the cyanuric acid derivative (28) R15, R16 and R17 are independently a C2-C8 alkylene spacer. R15,
R16 and R17 may all be ethylene spacers (-CH2-CH2-). The second polymer contains an aminoplast
group. Structure 29 shows a 15 general structure for a repeat unit of the second type of polymer which
shows a Z moiety derived from a polyol compound linked to at least two aminomethyleneoxy moieties
(N-CH2-0-). Y represents the amino moiety within the aminoplast group. The squiggly line represents on

Y either an additional amino tﬁqleneo linkage between Z and Y, or |nd ates 0S unreacted
aminomethy SRR 56 BPY RGO B3R 2 B B P e LA emehycirony
may not be mr@waﬁm RlbY aielmatdj Dﬁﬂwb@h&ﬁlmﬁsmﬂﬂ@ etpressalroxp WC@h I@mw@bobam to insure
crosslinking %the %f‘ﬁ/ﬁ%? end Struct re 30 shows ‘ghn]ore S CIfIC stru ture @ @5‘] 5@
polymer whe e BI%\ ?‘ne'ﬁ“taig ST RGN ?@&ﬁ &(c¥m?>18u% 25is a unit
derived froweﬂ{yb)lwhmlxmr(rﬁlwnéa&kﬂlﬁstae akyhsoinst teent misingaed et polgohydtoy14 as an aryl
substltugnt or @8‘}) yanu icacidd rlvaﬂve ogﬁa mlxturﬁ reof Structuge })PH@Q ows the resence
through squ@% {ng Oé]ycSﬂf ﬁt?? ed'SHBtHRr Sﬁ%a?ctreds ! hyl gnggﬁg
aminomethytssigalkoxyifrasogi gmnpsobtrmidmmmlylea&ybaethylmlnm@age Beeqndly;apez may
contain addltl?nall“nmkéargggr%oeoé?%ens%elrleersna% %Iﬁlrzegct%é: ({%acflfhzey may self crosslink or
crosslink with the graded blend of the two polymer types through the P3 alcohol
bearing repeat units of the first type of polymer. Typically, the aminoplast is
10 reacted with the hydroxyl and/or acid containing compound in a solvent such as
propylenegylcol monomethyether acetate (PGMEA) or similar solvents, and
heated with stirring in the presence on an acid catalyst such as para-
toluenesulfonic acid for several hours. The polymer is typically recovered by
precipitation into water and then dried. The aminoplast to be polymerized to form
15 the second type of polymer is selected from the group consisting of the following
having either structures 19-26, where each Ry is CH, —O—(CH;),—CH3, each

R11and R4, are independently hydrogen or C4-C1 alkyl, and mis 0 to 3.

13
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N. N 23
10 0 CH3
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N
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N (22) NHR,, (26)
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R10 R10 10

Examples of aminoplasts are such as those which are commercially available
from Cytec Industries under the trademark CYMEL and from Monsanto Chemical
Co. under the trademark RESIMENE. Condensation products of other amines
and amides can also be employed, for example, aldehyde condensates of
triazines, diazines, diazoles, guanidines, guanimines and alkyl- and aryl-
substituted derivatives of such compounds, including alkyl- and aryl-substituted
melamines. Some examples of such compounds are N,N'-dimethyl urea,
benzourea, 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 aminoplasts include

14



NN (CH2 0 0 0 (29)(30) An example is (31) 10 0 ( N, ,N CH((-CH2_ 0 C-CH2- (31)

10

15

20

25

30

compounds shown in Figure 6. Additionally, including their analogs and
derivatives, such as those found in Japanese Laid-Open Patent Application
(Kokai) No. 1-293339 to Tosoh, as well as etherified amino resins, for example
methylated or butylated melamine resins (N-methoxymethyl- or N-butoxymethyl-
melamine respectively) or methylated/butylated glycolurils, for example as can be
found in Canadian Patent No. 1 204 547 to Ciba Specialty Chemicals. 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.

More specifically, the aminoplast may be selected from the group comprising of
glycoluris having the Structure 19. Examples of glucolurils are
tetra(alkoxymethyl)glycoluril, may include, e.g., tetra(methoxymethyl)glycoluril,
tetra(ethoxymethyl)glycoluril, tetra(n-propoxymethyl)glycoluril, tetra(i-
propoxymethyl)glycoluril, tetra(n-butoxymethyl)glycoluril, tetra(t-
butoxymethyl)glycoluril, substituted tetra(alkoxymethyl)glycolurils such as 7-
methyl tetra(methoxymethyl)glycoluril, 7-ethyl tetra(methoxymethyl)glycoluril, 7-(i-
or n-)propyl tetra(methoxymethyl)glycoluril, 7-(i- or sec- or t-)butyl

tetra(methoxymethyl)glycoluril, 7,8-dimethyl tetra(methoxymethyl)glycoluril, 7,8-

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 6 gives
examples of specific aminoplast materials. Example of the glycourils is

tetramethoxymethylglycouril

In the polymerization of the second polymer, one embodiment of the
second compound to make the polymer may be a polyhydroxy compound chosen

from a group consisting of a polyol (27) and/or a cyanuric acid derivatives (28).

15



The second polymer can comprise 30-80% aminoplast unit and 70-20% 15 polyol/polyacid unit. The
weight average molecular weight (Mw) of the polymer is about 1,000-100,000 or about 3,000-20,000. The
antireflective properties at 193 nm the range of acceptable n and k for the second type of polymer is as
follows: n of about 1.6-2.0, and k of about 0.1-0.6. More specially, a range of n of about 1.7-1.95 and k of
about 0.12-0.5 is acceptable To ensure phase separation from 20 the first type of polymer the contact
angle of thef rzg?wﬁ water is between 35 and 65, orin th rang % bout 40 to about 60.
The novel a ﬂ A Bnipridirtd € Hirt Py L r?c?tt"f]@s d%ﬁ %?efumglr%omprlses a

thermal acudaglewerMQm(am&é é&mn’bﬁﬂbdduypan&maramg&ese:r(@ﬁmkmgsmﬂnlaghaemmanLtlon The
thermal acid generator used i sent i [o} one ore that upon heating
generates a 1§ rcx) E&ac?%}a? ?}/%1@?858@8838&?@%@%%1@& rl}gl“tf? %ﬁf‘?éir present in
the inventlorfrqnartrqzdamlgqmr@adems(ao5 alkyngan:ldrwqmas:aﬁtﬂww mdplﬁéam),alally tieythermal acid

cbove S0CSBAMES S hisar 2 YRrbAtorE e il A b LR EALE W oo sals,

such as triaridsicfioasinG idiitkylarydis alfimésm mrbiaimbw(ywkmwdmmlwoﬂptr(sugmtats-rhwleophilic
acids, aIkyIaE/hocLonlu 10 diar IlodorLum sa tron ﬂ< Ieo?yh‘l cids; a d ammonium,
alkylammonlu |aW< %1%8}% Onﬁ}ft n%rﬁ ‘r'lf r?&q&g yFam it X[faéngf g Ygl% 'Rofd
nucleophilic aods spEtfic@xampléhermal acid generators are also envisaged as useful additives for
instance 2-nitrobenzyl esters of alkyl or arylsulfonic acids and other esters of sulfonic acid which thermally
decompose to 15give free sulfonic acids. Exa%es are diaryliodonium perfluoroalkylsulfonates,

diaryliodoniumtris(fluoroalkylsulfonyl)methide,diaryliodonium
bis(fluoroalkylsuIfonyl)methide,diarIyIiodoniumbgig(ﬂuoroalkylsulfonyl)imide, diaryliodonium or quaternary

ammonium perfluoroalkylsulfonate. Exa d e esters: 2-nitrobenzyl tosylate, 2,4-dinitrobenzyl
tosylate, 2,6-dinitrobepRyl, 20 tosylate, 4-nit oben y tosylate; benzenesulfonates such as
2- trlfluoromethy$ﬁ- nitrobenzyl 4-chlorobef fopate, 2-trifluoromethy1-6-nitrobenzyl 4-nitro

benzeqﬁsulfona@H [hrenolic q?J)éonate"@sters S h as p}‘relﬂl ak methoxybenzenesulfonate quaternary
ammonium tris(fluoroalkylsulfonyl)methide, and quaternary &y ammonium bis(fluoroalkylsulfonyl)imide,
alkyl ammonium salts 25 of organic acids, such as triethylammonium salt of 10-camphorsulfonic acid. A
variety of arcﬁnathe(aumnemmdpmaileae(ilﬁ H%ﬁzéhne ded\Riivas) ndepeodeidnmite-€alts can be

employed as| (B)Zra Gsé]QS din tho %ASO‘” b%t er?ie4z a%%ﬁ%itweéaﬁf é ,251,665 and

5,187,019. Pt wm ha\?e a verﬂo [atility & Mparatires 220C.

Examples of 30 TAgs, aé%éﬁﬂﬁw Walfﬁ%“éﬁ'ﬁﬁ%}‘}fﬂé%\l el L?ga@rﬁé?&?é‘%%%%'é TAG's are

Nacure 5225, and CDX-2168E h is a dodecylbenzene sul id amine salt supplied at 25-30%
activitylfn pr@m@fﬁi glpeciunector Betereatomikaighadenaed, tes\eAROEBIET. WBBHSIBA. A\Specific

example of 3L URGHYLIR ﬁ'?iﬁ1'BVS&%P68r‘iﬂ?olﬁl%mﬂﬂ%rﬂﬂ‘t'@é&'ﬁxﬁ&%ﬂﬂﬁf&’rﬂ%ﬂ?ﬁé?\@%&&? acid. 5The

novel composition’ comprising the two polymers may further comprise the addition of a secondary

crosslinker. AQigligy A delditiGhhl ¥reaiasentsdherasiam meighewiththdhsoaipisitasbemepresent
invention. A%é“'é%fﬂ@%rysﬁ‘iek%mt% N SEASHIRK tNRIBRYAET YhiffoRIERRNSS@N acid may

be used. Examples, without limitation, of such crosslinking agents are resins
linkage between Z and Y, or indicates possibly unreacted aminomethylenealkoxy
20 or aminomethylenealkoxyhydroxy groups. Unreacted aminomethylenehydroxy
may not be present on all Y repeat units but at least some are present in a typical

polymer chain to insure crosslinking of the polymer blend.

Structure 30 shows a more specific structure for the second polymer
where the aminoplast component is derived from a glycoluril compound where Z
25 is a unit derived from an alkyl polyol (27) with Rq3 as an alkyl substituent or an

aromatic polyol with R4 as an aryl substituent or (28) a cyanuric acid derivative
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10 containing melamines, methylols, glycoluril, polymeric glycolurils, benzoguanamine, urea, hydroxy
alkyl amides, epoxy and epoxy amine resins, blocked isocyanates, and divinyl monomers. Monomeric
melamines like hexamethoxymethyl melamine; glycolurils like tetrakis(methoxymethyl)glycoluril; and
aromatic methylols, like 2,6 bishydroxymethyl p-cresol may be used. Epoxy 15based crosslinkers may
also be used. The solid components of the antireflection coating composition are mixed with a solvent
or mixtures of solvenjs that dissolv Epe ?olid mponents, of the antireflective coating. g{u]itable solvents
for the antireleBLUL B NRBR poR URHAGy TR R 151 BSaRIBRE I GRE USer AR U8 SR ch as ethy
cellosolve, 2 migibylgiedokolvermuietylairteglyodl mithemetimgdastee (BaMEnetiefioheatkolgol
monomethyl ether, diethylene glycal monoethyl ether, dipropylene glycol di e%tg/l ether, propylene glycol
n-propyl ethdl SIOSIHSTE S BHALSHY: Liadpe-05 90eH iRl ettioalsmRESE Jeaast celtosolve
acetate, metfoybhqedlgeblVE acstatentzipeyyitenreaplyde geerorotiby hetledteacetate (PGMEA); carboxylates
25 such_as ethyl acetate, n-butyl acetate and amyl acetate; carboxylates of di-basic acids such as
diethyloxylate an g[e()tbylmalonate; dicarboxylates of glycols such as ethylene glycol diacetate and
propylene glycol didcetate; and hydroxy carboxylates suchas methyl lactate, ethyl lactate, ethyl glycolate,
and ethyl-3- hy Mg@jpna; etone ester sugh\g's mﬁ{hygmmvate or ethyl pyruvate; an
30alkoxycarboxylic acid ester such as methyl 3-methoxyfrogionate, ethyl 3-

ethoxypropionate g@thyl2-hydroxy-2-methylpropionate,or %ﬁ?;g/lethoxypropionate; a ketone derivative such
as methyl ethyl ketone, acetyl acetone, cyclopentangrre; cvhﬁohfe'xquzz heptanone; a ketone ether
derivative such a§diacetone alcohol methyl ether; ja ketone®alcohol derivative 5 such as acetol or
diacetone alcohol; a ketal or acetal like 1,3 dioxalane and diethoxypropane; lactones such as
butyrolactone and garr(%ga) valerolactone ; an amide derivativeQich as dimethylacetamide or
dimethylformamide, anisole, and mixtures thereof. The composition of the formulation consists of a 1-10
wit% solutionyn axEpriénisdsting solvent (such as PGMEA, PGME, PGMEA/PGME 70/30 etc) of which
the essential solid components comprises polymer or mixture of polymers of the first polymer in the range
of 1 to 50 wt% or more specifically 2-20 wt% of the solid components; a second polymer in the range of
50-99 wt% with g%—98 wit% of gne@olid components being preferred; and a TAG component consisting 15
of 0.5-5 wt% of the $6lidi’compohents. Other components may be added such as photoacid generators,
other crosslinkers such onomeric aminoplasts and epoxy crosslinkers and finally fluorosurfactants
can be added as evg,l}zﬁg\?@jérdpz since the antireflective film is coated on top of the substrate and is
also subjected tgdy etching, it is%nvisiened that the film is of sufficiently low metal 20 ion level and of
sufficient purity that the properties of the semiconductor device are not adversely affected. Treatments
such as passing a solution of the -@- through an ion exchange column, filtration, and extraction
processes can be used to reduce theconcentration of metal ions and to reduce particles. The
antireflective coating of the (Fékent invention hydrophobicity is 25 important in two respects first in the
conventional sense it is important that the top layer of the graded BARG be hydrophobic after forming a
coated film, such that the e@féﬁ(?p &b}ﬁl{% m cggﬁ]é?%teo%ﬁﬁmog%%g ﬁ‘élgp GaRied 9 \Ry Bypantireflective
coating, so that a coating with good’ uniformity 1S obtained. However, in'this invention hydrophobicity of
each irldivid palyallpolgacohyminehhnvwieéght average molecular weight (Mw) of the polymer is

about 1,000-100,000 or about 3,000-20,000. The antireflective properties at 193
nm the range of acceptable n and k for the second type of polymer is as follows:
n of about 1.6-2.0, and k of about 0.1-0.6. More specially, a range of n of about
1.7-1.95 and k of about 0.12-0.5 is acceptable. To ensure phase separation from
20 the first type of polymer the contact angle of the second polymer with water is

between 35° and 65°, or in the range of about 40° to about 60°.

The novel antireflective coating comprising the first polymer and the

second polymer, further comprises a thermal acid generator (TAG). The TAG
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mixture is also important with regards to ascertaining how well the two polymer components will phase
separate from each other and to make sure that the first polymer component migrates to the top of the
film where it will be hydrophobic during spin coating but have a base or alkali ionizable moiety to ensure
that 5 developer wets the surface once the resist film in exposed areas above are developed through.
This minimizes scumming and footing of resist features. Also, the difference in hydrophobicity between
the two polymer compagnents is important tggﬁ?ause I preﬁil(:??tes how well thg_ twoFE%Iﬁ/énBTrs form a graded

film providinﬁ%%‘?ﬂé)@(?le%ﬂ y@@étirﬁi%ﬁ“ Qaee(VB tita 05%’}&%%_3 RE-1 rI%?/d ciﬁ%jf the two
polymer comyzregats(filosednihetmeepsesedtbintmtiiemegnioet amglede Awates) ©ftiat fliponvhere the
contact angle is the angle formed by a.drop of water on the baked antireflective cgating film. Typically the
Photoresist TFEHRBS TGRS G A0 A ot VRS Ot nEfaber S OSORAER e the
water contactrasgliakihthefthieflelyiine rcoatgsg fitnmithie drilestioiapantigalafipref&0de8s0@r more
preferably 700-800 as.detailed previously in the .detgiled description, of the first.golymer component which
2 desigRod BTG AE0 5 UhD AR rAcs R oL IoRE PR ol Ao i BROSSTatie imaged
and developgétivetedagtiehiesy@lRaia: sieyataper prefethdidexekipercarout aaale ef dre matieeflective
coating film should be lower than the contact 20 angle in water, so that the developer has 1good wetting

capability onPlisEesARR R @RRVG ARRgSurfMash el & et RG-S REG L PR ifdn&iek R&ween the

contact anglg fomMaiay 3aRsdeNEIRRRIRIMA ditsaraerPEs tﬂi@ﬂé’lﬂf@ﬂtﬁﬁﬂ%ﬁ%}/%ﬁt&@f@ﬁmﬁws on the
substrate after de\_/elo&rl_?ent. The n and k values can be calculated us%l]%an ellipsometer, such as the J.

25 A. Wooll#Ran SR WINEMN SRS ahekana RoRalearicReRS op@ikUIRTYARERBHEPK and n are

dependgnt afidpRiedBARME WaRlensth yaeA@nhiiederepRmklicaliars; Megrllingahibrigrand k values
showed that in the film formed from the novel composition a good fit was obtained for a dual layer film

with a uniforRIISY IAREWRtEFm SIRAEKI D BOTNR HERLHRREONINETIE Farl kK MR by altR s
approximating a8 HhfisicRlpmigE deriBotiRbotEiRifdnt fashing BaadknalErTABRsGERating that of

the second layer and there was a uniformly mixed layer formed in between the surface and the bottom

portions of t§RYIRF9ed §peusfitlnadiivesafing driauGicniabaravbresiesudralbisiig
techniques w@jlisamyridednesarskibeskindbe A o BseiicrsciRRNEh N ISOMIBly Wb sHRpdEagoThe film

thickness of the antireflective coating ranges from about 15 nm to about 400 nm. The coating is further

heated'8n a $EpIRE SRR ARIADVEXGBIPESfiGeARBAIGTCHI YR LRI THRIGANKISYR5RES solvent and

induce crossfiipiddansLius insolubiiziigubralkineligetye eeating to prevent igigimbdagibaiween the
antireflective (_:o%tin and the Ia?]/er to be coated above it. 10 The pref?rred ranqe of temperature is from

about 150C RiSAHY B Srtire LRHYERIRRIHT mayP IS S RAISIRY RYY TR or layers of
anti reflectivgigegibaerRim or Aqiilatephafjotarasishisfo e gorteikolsintoHare MERahapitefisctive

coating and paked to substantially remove the photoresist solvent. An edge 15 head remover may be
conliod afte BN EAIRTS mt SR OBUGLS o e RN A5 e G L ARG it art
The sultrates yues Whishr e anjiredegtite;coshinenasealforaied cautheagny-aiflesenypisal-used in the
semiconductor industry. Suitable substrates include, withoyt limitation, low dielectric constant materials,
g 1l T S S R Rl 7 e il
polymeric repszéissuifdimtisle, nptlailidopesusitparedioxdrrsilicausiirideagantphanypolygiicon,
ceramics, aluminum/copper mixtures; gallium arsenide and.other.sych Graup 111/ compounds. The
cubettate maJ A BTSN ARSI R 6 ETe HteoAD T ot e RS TE BRerotoresists
can be any cirite)igemupgikyl thersemivonsisaorodiksisufoiouiiaitie) e likyb traotiveigengadignd in the
photoresist a&d the antireflective oatin?s stantiallﬂabso%(t)ihée eggos re wayvelength Ffs d for the
imagirporo =8 S orELrs SHET PRl TRMARTUA A 25H e GRABIRL S UREIR, A B0 tiresists
suitable for ity wfithrioamadicsiamiitragenehynaglytheleisedomwberzene 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

30 TAGs are those sold by King Industries under Nacure and CDX names. Such
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such photoresists have a refractive index higher than 1.85 and also are hydrophobic having water contact
angle in the range of 75 to 95. To date, there are several major deep ultraviolet (uv) exposure
technologies that have provided significant advancement in miniaturization, and 5 these radiation of 248
nm, 193 nm, 157 and 13.5 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. th d, ists f t 1931 j - ti ) '
romatics arb A EE AN AT A R B B 6 D8 € BREMIBP R B roniats.
useful for 193ciuraenipessistt. Sopptieallyt RFyB0essautivigirimp@imyehe yldcotanetnd atherstedrfor

hot ists § b 20 . Alicygli i ted i I f
iy roaso RN B NIRY G R8s il st oEe i BB 6 NG TG TS wiach ATt etch
resistance, threthad$nvenotidoteidrénes pdastndsratricnilow sedtvefehgibedeh Hesy favie erditively high glass

transition temperatures. US 5,843,624 discloses polymers for photoresist that are obtained by free radical
polymeidzation of mEheicanalydadgasitiamsatm@Eisthgytbie two pmtyenerényayf fildharcvomiynes of 193nm

pholoreisis, oy e sed SR AR TR ASSTARES 104/5.047 980008 S8 173488, god i corporated

herein by referénce. er the coa rocess, SISt’IS Imagewise expos e exposure
may be doneasingetypad ekxpothee cuiprsdinn Thé dkpopedgsmbtdrasisticnthenAteyetojitadi;mn an
aqueous develo r eated pho iSk. ris prefer n alkaline
solution co mﬁr%é%r%@g tge?gérﬁé%ﬁéeqtg}rﬁ e?ﬁy gﬂr%%ﬁ%u%&?ﬂ%ﬁﬁ@ %@fﬁ%’f‘%ﬁgﬁ@% f%ﬂ\ﬁfjv?e%ﬁ% 25
TMAH in water isseskd. Bxmtdes|opidhmdylimithtiocowipaselsnfasstinkisiy Ageptioaat hesiing step can
be incqrpor ' e pr ior to d nta fter expos . The f coating
and irr(ﬂa(ginéalé [?rﬁg%}?é@sts igr? v@éﬁﬁ%\/n to Eﬁ%ﬁﬁ gll%led i Pﬁéég @r’iﬁénd iééo?%'i?r%lnzced fog{ﬁﬁc%ﬁggtla%ific type of
photoresist Usstzogu@pamineedisedstpds@on alion boilgstepakyidndreptehingngiae oesingure of

gases, in 2 syiaple.c\AEDATIREL O4RTONE T SARARBHARTIOTORR AR FlERIR UM ranultple

layers of antireflective coatings, with the rema otoresist acting as an etch mask. Various etching

gases are kiexanethexmsihyéetdiamingarity aatiraite tkectetraliinis) eihcix yn etiogeotyeapriding 02, CF4,
CHF3, C12, t r ncor herein by
reference in %’ﬂ’ﬁﬁ‘?ﬁ@?{%{‘gﬁ‘pﬂ?ﬂ%’ggg ﬁé t?g? @%%Qgﬁgﬁgixg%ﬁei%ﬁﬁo%%%&dS%)I%()e illustrations

of the ffethdeseroekatingeandnaylizisg b usedpositions 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 providifg cofiditvemsppacaisetd therarfitelestinch ¢ratinpecammpesitiorass/eNx<edorder to
practice the praSenLEVERIGR MM lseRents et BiEdVE thdexdi eameﬁ@@i%(k) values

of the antireflective coating in the Examples below were measured on a J. A. Woollam VASE32
ellipsometerantireflegtiversorttigar Qdighiosalvands fAetsevantirrileaiiel epptingeterapasitioon 20

e Syete 8 ] B e water om
EM So?éme megb b erlesalvRoBEPRIIBRSSlYRONTOBOIBLY £HerIGURME b slietbyeng@ie®le from
AZ(r) ElectroicrMiietigiSether, diethylene glycol monoethyl ether, dipropylene glycol dimethyl
ether, propylene glycol n-propyl ether, or diethylene glycol dimethyl ether; a
glycol ether ester derivative such as ethyl cellosolve acetate, methyl cellosolve
acetate, or propylene glycol monomethyl ether acetate (PGMEA); carboxylates
25 such as ethyl acetate, n-butyl acetate and amyl acetate; carboxylates of di-basic
acids such as diethyloxylate and diethylmalonate; dicarboxylates of glycols such
as ethylene glycol diacetate and propylene glycol diacetate; and hydroxy
carboxylates such as methyl lactate, ethyl lactate, ethyl glycolate, and ethyl-3-
hydroxy propionate; a ketone ester such as methyl pyruvate or ethyl pyruvate; an

30 alkoxycarboxylic acid ester such as methyl 3-methoxypropionate, ethyl 3-
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25 USA Corp., 70, Meister Ave., Somerville, NJ 08876). Tests were carried out in Class-1000 Fab
environment. Static contact angle were reported as average value from more than five measurements.
Synthesis Example 1:Synthesis of poly(hexafluoroisopropanol methacrylate-co-
maleimide-co-hydroxyproryl methacrylate 15.0 g of Isopropyl hexafluoroisopropanol methacrylate
(MA-BTHB-OH), 8.9 g of maleimide, 8.7 g of hydroxyproryl methacrylate were mixed with in 120 g of 5

tetrahydrofurgp (THF) solvent. The polymerization reaction took place in the presence of 0.7 g of AIBN at
75 C under rﬂiﬁ%gﬁ rép 'Qaq‘ﬁeAﬂer coolﬁ%y own to r%@@%' é%‘?gml?éor@ié&%ﬁ’mixture v9?15
p'relcc:li‘pita;%dSmeia%ﬂ?t)heﬁ)r(]ﬁbM@ieteTbﬁxfdtm %%%a;\?swmm eyl @ﬁﬁwl y Si’iecbr':nev.th 45 C
yielding 29. %) with an average of 19,000. nthesis Example 2:Synthesis
Lo (e S o PR A e S AEAATARS oty D e ok ARE <608 ene 20.0 ¢
ﬁf (Ijsopropyl Ufﬁaﬁgoeoiglmxmomérdih{smdmf rmmaémmaﬁynmﬁd 15)’4}1:@1{268&@%63&?@% .
ydroxypropyl methacrylate and 1.8 g of styreng were mi with, in of . solvent, The
poymenrat e BPS AAsk Bl eI eT0RL of (9 81 aRSHEL P LRHIPNTIBUEN 8P 20 n. After
coqling dowrdimmo&yrpmematammbe mmttialg. mepranmiWa dlenatizictdhe ywhite polymer
solid was washed and dried in vacuo at 45 g} |Ie|dl{‘| 2%.70% {ﬁ%%? w&hran a\fgreagaeml\élo eOfa% 000. 20
Synthesis eI ?edfg\{/% Wgs%’%% ﬁcﬁy(%ﬁgﬁ %?&sagﬂ'r %a of me HX Py@%:% = ’

maleimide-corixydrex\thespgf. methacrylate-co-styrene 20.0 g of Isopropyl hexafluoroisopropanol
methacrylate (MA-BTHB-OH), 4.1 g of maleimide, 6.0 g of hydroxyproryl methacrylate and 1.8 g of
styrene were mixedlhe composition of the formulation consists of a 1-10 wt% solution in a

10 spin casting solvent (such as PGMEA, PGME, PGMEA/PGME 70/30 etc) of
which the essential solid components comprises polymer or mixture of polymers
of the first polymer in the range of 1 to 50 wt% or more specifically 2-20 wt% of
the solid components; a second polymer in the range of 50-99 wt% with 80-98
wt% of the solid components being preferred; and a TAG component consisting

15  of 0.5-5 wt% of the solid components. Other components may be added such as
photoacid generators, other crosslinkers such as monomeric aminoplasts and

epoxy crosslinkers and finally fluorosurfactants can be added as leveling agent.

Since the antireflective film is coated on top of the substrate and is also

subjected to dry etching, it is envisioned that the film is of sufficiently low metal

20 ion level and of sufficient purity that the properties of the semiconductor device
are not adversely affected. Treatments such as passing a solution of the
polymer through an ion exchange column, filtration, and extraction processes can

be used to reduce the concentration of metal ions and to reduce particles.

The antireflective coating of the present invention hydrophobicity is

25 important in two respects first in the conventional sense it is important that the
top layer of the graded BARC be hydrophobic after forming a coated film, such

that the hydrophobicity matches that of the photoresist film coated over the
antireflective coating, so that a coating with good uniformity is obtained. However,

in this invention hydrophobicity of each individual polymer component in the
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25 with in 120 g of PGME solvent. The polymerization reaction took place in the presence of 3.0 g of
AIBN at 85 C under nitrogen for 4 h. After cooling down to room temperature, the reaction mixture was
precipitated in DI water. The solid was collected, dried and redissolved in acetone. The solution was
precipitated in DI water. The solid product was washed and dried in vacuo at 45 C yielding a polymer
with an average MW of 8000.  Synthesis Example 4: Synthesis of a copolymer of an aminoplast and a

5polyol 600 f tet th thyl glycoluril, 96 of st | d 1200 f
POVEA e GAR RS P AR B RIR S RORBIEN ks oL W BT o water
condenser agohheatetto W Hsfter sepaialidiframasuntiobitiasa-soldeoasalkensuacithatahelfidtate was
dded, the 10 ti intai t thig,t far5 hrs. Th i luti /as th
cooled to roBRENHEAIURC L AMBPEUSTHE MFalEinls QBT DUNES s Bethety AEP oo stiring to
precipitate tiiupntyrspin Tduathodymet Wwagdilte teas evashalddhdomightyevitioigiletoarasiredtiaé vacuum

250 btained). Th I ined. igh lecul ight of ab
1517545 GIIAHITS (AR B2 1o B T 0 BT ey FlRosie

example 1 wdsveispaldett ioug gTdfi$ aMaAAeS btia merdtysadfudiing afees i3 tFedtiresluhsp, 0.1 g of
tetramethoxwe%ﬁg%lgcoluril 20 and Ohl éﬁ o{ 1Q8/o of dodit%ylb nzene Fulfonic acid triethylamine salt in
PGMEA/PGME Was adde y.ﬂrﬁPeB %'Yer seotlvl\fﬁgrq. & misurB AR GheRAMBRAY ou'ah a micro
filter with a porpasizmbbecause hersdiotites vweasvheellsthe) tvoatpdipmersilioom wadeadeddfiiseconds. The
coated wafer was dmen h%ateg] on ﬂa\ hﬁ\t/ glate %%:nl miqme at 2(5)0(53. Tht? apti-r;aflecrﬁve coatiﬂg was
25analyzed B°x spegctrgsco%ic 5] |8§ometecr(.) e(-:]op\ffmlze%r PEfrECtivRiNdex PP 183 nm WS 1.60 and
the abd0rptityghamaimobieityk Oivise0thm potyméaticorapangsits 2fil. Cgrpdignmae fsunely bihdbsExample 2

e A ol R AL SR R A
PGMEA/P G oET¥ 3y sl iagid ofl watke polyinecbakédiantireflective coating film. Typically the
photoresist film used in immersion lithography has a water contact angle of about
80°. Therefore the water contact angle of the antireflective coating film is in a
15  similar range of about 60°-85° or more preferably 70°-80° as detailed previously
in the detailed description of the first polymer component which is designed to
migrates to the surface of the cross-linked BARC blend. When the photoresist is
imaged and developed in an aqueous alkaline developer then the developer
contact angle of the antireflective coating film should be lower than the contact
20 angle in water, so that the developer has good wetting capability on the
antireflective coating surface and helps to reduce defects. The difference
between the contact angle in water and developer is in the range of 5° -15°. The

antireflective coating remains on the substrate after development.

The n and k values can be calculated using an ellipsometer, such as the J.

25 A. Woollam 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. Modelling of the n and k values showed that in the film formed

from the novel composition a good fit was obtained for a dual layer film with a
uniformly mixed intermediate layer. Thus the surface of the film had the n and k

30 values approximating that of the first polymer, the bottom of the film had the n
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5 The mixture then was filtered through a micro filter with a pore size of 0.2 um. The solution was then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then heated on a hot plate for 1
minute at 200C. The anti-reflective coating was analyzed on a spectroscopic ellipsometer. The optimized
reflective index "n" at 193 nm was 1.63 and the absorption parameter "k" was 100.17. Formulation
Example 3: 1.0 g polymer from Synthetic Example 3 was dissolved in 30 g of PGMEA/PGME 70/30

solvent to mak wt% solutian. Q.15 of te tho th ril 15 and 0.1 g of 10% of
odenylben AL Hrs b ating 4 e o AR e S0 JRa B mor
solution. Theixatilsydefomasdiitebediberuiie aunate fitel tighbattone sordawfdo? tha filhe solution was

then spun coated on a silicon wafer for 40 seconds. The coated wafer was then heated on a hot plate for
1 minute at 200C. The aatitirefllective cozdimpwesn2iesittyrdd coatepemtrdbeopidstiiptomsiry. The
optimized reflectiv. mdex " at 193, nm was he on rameter "k" was, 0.17. Formulation
Example 4: I (IIg (§ poﬁymerIIrnoorI/II %}t/%t gggs%@r@ﬁ?et W%ISI og ssolveSp i @8 %j P %%@I\/I@A/I’GME
70/30 sblvergpmapiage d B3 filtddisickniess @fl thebiitéeftddveecytitny eapgrdfdrmmaabtriet®ylamine salt

in PGMEA/PGnW% 7%@%‘%6 g&ed.m theog9 \Aggrfaﬂlhlgpﬂ e;[ée m'ﬁ(té'rﬁott IétIg%S f(%ere ﬁﬁgﬁugh a micro

filter with a pore size of he 'SOILTION Was then Spun coa on a SII B WAfeF for 40-Seconds. The
coated wafepvers thea dfmicon Ehotrplatdifoe tonieotoat momldrthﬂ antiesfietidandatimg was

analyzed onc%sgef é:f)pé%glllgaggeﬁg aTII%III mj (% ;ﬁﬁ%ﬁ/ /e p exc@?t&%lgl?’o r\é@g Jr 89 and the

absorption paramete was 0 ormulation Example g polymér from Synthesis xample 1
and 0.9 g polyteemikong Sgtvieesisiexanipifldotias dssiiigeand B@@ayfeptel\blémmn&lbox&)l’solvent to

k f I I I
mahﬁEi&PGmg%q%%%oa@g%d IInPt III;I)) %Iy)/érjtn%e?rg s%qu?ﬁ%errIIe %%I&nﬁx%ariqgg%%és filtere tIlIII)IIgh a micro
filter with a peiessize ehireflaotivihecoalin@nmays thencb@tgsliroreatedhen daykconwifgefdr ab seconds.

The coated ‘é{ﬂ{ﬁgﬁ\@&i%e&gﬂﬂbﬁg)ﬁm a hot plate for 1 minute at 200C. Formulation Example 6:

A film of photoresist is coated on top of the uppermost antireflective
coating and baked to substantially remove the photoresist solvent. An edge
15 bead remover may be applied after the coating steps to clean the edges of the

substrate using processes well known in the art.

The substrates over which the antireflective coatings are formed can be
any of those typically used in the semiconductor industry. Suitable substrates
include, without limitation, low dielectric constant materials, silicon, silicon

20 substrate coated with a metal surface, copper coated silicon wafer, copper,
aluminum, polymeric resins, silicon dioxide, metals, doped silicon dioxide, silicon
nitride, tantalum, polysilicon, ceramics, aluminum/copper mixtures; gallium
arsenide and other such Group IlI/V compounds. The substrate may comprise

any number of layers made from the materials described above.

25 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. Photoresists useful for immersion lithography are preferred. Typically,

photoresists suitable for imaging with immersion lithography may be used, where
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0.2 g polymer from Synthesis Example 1 and 0.8 g polymer from Synthesis 15 Example 4 was dissolved
in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3 wt% solution. 0.1 g of 10% of dodecylbenzene
sulfonic 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 then spun coated on a
silicon wafer for 40 seconds. The coated wafer was then 20heated on a hot plate for 1 minute at 200C.

Formulation Example 7: 0.5 q polymer from thesis Example 1 and 0.5 lymer from Synthesis
Example 4 \TRODRORGEFNTS J B BGUERTAENE. F07%0 SHILART Bk 25 8 \ARSsciRon. 0.1 g of
10% of dodenytireprebi sidionicvastdrtdetitpictraing! s ait thesR@MiAPTE% o 8530 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 then span dagted there sibcen saferdbr ddpecatekp Thérevidtt wafey wagptwmdeated on a

hot plate for 1 minute at 2Q0C., Formulatign Example 8: 0. olymer from _Synthesis, Example 2 and 0.9
o poymer RO Bt e AR SRR g SN SRR AR e o
3.3 5 wiBo sdhesm radlagjai 20248 dodetybhenzehssaliohit3azidrrietRlcioiasistaltfor REMEA/PGME

70/30 was added in,the pelym lution. The mixtur s filtered, through icrg filter, with a pore
size of 0.2 uﬁ%ufghetg@ Sﬁggwgééﬁen%%pgﬁrg co%rt]edgbur(w% éﬂs?lr}gvéﬁ véé@b gdrFa é&:ré%\] S. ‘?Hg co'tagiled wafer
was then heatgmblymatsdopilate fealtis msude #200Qsel AEsonidation EXAndp#O9;628 gapdiydfer from

P OMEAIPG LD s ot e 40y R 8 DRSS B s M B Brronic acia
triethylamineasatatid PHIBWENHGH Brocialavas adged ue tictipslyvare kigtion Umhs, B#3i624then was
e AT S R0 R ARSI P MDA St S
polymers containing alicyclic hydrocarbons are used for photoresists for
exposure below 200 nm. Alicyclic hydrocarbons are incorporated into the
polymer for many reasons, primarily since they have relatively high carbon to
hydrogen ratios which improve etch resistance, they also provide transparency at
15 low wavelengths and they have relatively high glass transition temperatures. US
5,843,624 discloses polymers for photoresist that are obtained by free radical
polymerization of maleic anhydride and unsaturated cyclic monomers. Any of the
known types of 193nm photoresists may be used, such as those described in US
6,447,980 and US 6,723,488, and incorporated herein by reference.

20 After the coating process, the photoresist is imagewise exposed. The
exposure may be done using typical exposure equipment. The exposed
photoresist is then developed in an aqueous developer to remove the treated
photoresist. The developer is preferably an aqueous alkaline solution comprising,
for example, tetramethylammonium hydroxide (TMAH). Mostly, 2.3 weight%

25 TMAH in water is used. The developer may further comprise surfactant(s). An
optional heating step can be incorporated into the process prior to development

and after exposure.

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
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20 Formulation Example 10: 0.5 g polymer from Synthesis Example 2 and 0.5 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3 wt% solution. 0.1 g of
10% of dodecylbenzene sulfonic acid triethylamine salt in 5 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 then spun coated on a silicon wafer for 40 seconds. The coated wafer was then heated on a

hot plate for 1 minute at 200C., 10Formulation Example 11: 0.05 g polymer from Synthesis Example 3 and
0.08 o ol RO FHREUAE LR i HLBloRa A A BHeIEO RN PO Eofiont to ke
a 3.3 wt% sqjaties, Qril g ofulitilef diuthe eyHberzendcsuiéoniy acit érietkytamingosivinsP GiVitha/PGME
70/30 was added in the palymer solytion. The mixture then was 15 filtered through a micro filter with a
o sive of B e U Tieh TR PSR b 2ntre s R SRl ) ot le ENRTHE conteq
wafer was thsholeaisidtarctingoaplate docHL muaisite da260€ ekatrimyllgtiseExmiriei id Qe lartpolymer
from Sypthesis Example 3 and 0.9 lymer from Synthesis Example 4 was dissolved in 30 g of

P OMEPGITE SERAIGATIS ATETEEG R RMR s U £ 1 D59 TR n e Shitonic acid
triethylamineCs4iit;indPGMBEASCIME T 0E36. 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 then 25 spun coated on a silicon
wafer for 40 secondsadrhetdaednaienends trefarhedtéa abavieoaptatedordonatadterera®00y

Eampie 4 e TS 50 B pc I AR Te e e e 0 g o
10% of dodepyibisiezedetsilédnidlasidatiznbylahinbesalniethods of producing and utilizing
10 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.

15 EXAMPLES

The refractive index (n) and the absorption (k) values of the antireflective
coating in the Examples below were measured on a J. A. Woollam VASE32

ellipsometer.

The molecular weight of the polymers was measured on a Gel Permeation

20 Chromatograph.

Static contact angle (SCA) data were collected using VCA 2500XE (Video

Contact Angle System) from AST Products, Inc. (9 Linnell Circle, Billerica, MA
01821) using OmniSolv water from EM Science (480 Democrat Road, Gibbstown,

NJ 08027) or AZ® 300MIF Developer (available from AZ® Electronic Materials

25 USA Corp., 70, Meister Ave., Somerville, NJ 08876). Tests were carried out in
Class-1000 Fab environment. Static contact angle were reported as average

value from more than five measurements.
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5 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 then spun coated on a silicon wafer for 40 seconds. The
coated wafer was then heated on a hot plate for 1 minute at 200C. 10Formulation Example 14: 0.5 g
polymer from Synthesis Example 3 and 0.5 g polymer from Synthesis Example 4 was dissolved in 30 g of
PGMEA/PGME 70/30 solvent to make a 3.3 wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic acid

triethylamine_salt in PGMEA/PGME 70/30 wag added in the polymer solution. The mixture then was 15
fiterad throusWUMGRIS fifek RIS por size GO 68 SThe boloN (&2 AP LA BSRAE & silicon

wafer for 40 satbiadsy lehe-coatethiehfieideasotierdherygd oryArhetipéateyfatd. minute at 200C. Evaluation
of Resistance to Solvents and Developer for BARG Films 20 PGMEA/PGME 70:30 solvent was
dispensed ot gibt dsopedpyicbated uwatbiBAIRGp arate ned thironl &er s iHB«@hD | 8. 9 -4 0f The solvent

was removed hy nitrogen, blowing after 60 s. Nq significant film losses were ohserved. Similar,
experimentsrvvgeyreénalegr%)r%i%ld%fﬁ §¥\8/(r3 6‘58?&’%(89%%@@%%\)’5 o%errT| lﬁweeg coa mbnf(glozr?I I%r(r)nfulation
Examplé 1 (petiahed fofunady (iidis)s sotaemble THe2 Hdigswviedtioneesiolien doekopteeénidetbentent.
BARG films from the o r i x;aémel’es 14 onstrat (o] S ce to the developer.
Contact AngPeP%gﬁgﬁré?nﬁéfé %@%ﬁé coatinggnﬁjner Bﬁf&?gé;e?flrﬁgz rEeSsﬁlt%%}%?o%ﬁ%oﬁnﬁ%oﬁgaamples
1-20 were subfaotéenipemitaet dngleestitiesmbduenprasqaiedpitated fiveldiapzed ({akpwatse added to
the center, | right.ar >t angle_of A # using VCA
2500XE sysLt(grr]r(?.(%vf/maeveé?a inaﬂt%@sﬁé W?/% 3&%%1{%83.%@%% § g’%\gg%H\gaégrﬁ%,cte a?ﬁg\(? %ﬁéﬁﬁﬁor the
BARC's. By () vetielapevexageollWIB) i of water, and following the same procedure as
descriq above, the contact angle of developer on BARG was measured. The results are shown Table
1, Table 2, and Table 3 for formulations with top polymers from Synthesis 10 Examples 1, 2, and 3;
respectively IymtpoelimerEiam Benthesis Exayptedsihd H{Tablel1jhtheatootepisanyieiaoe@ment upon

spective . _ . . ! iAo@iment .
fom the natt 1S oLy Fmr e A o B B e Symthec
Example 2 a5 ¢ (TAPIER OB NANLRSAEIBSHGRERD FXARloAR A Tain ). pignfigant increase

of contact angle with addition of hydrophobic polymers from Synthesis Example 2 or 3 is observed, which

indicates a gf@i@@t@ﬁ,lzﬁ/grgsqu@@xvmmrmﬁﬁm%x)ﬁme%m Ek8raphé styiens wwmmis&}hiﬁcant
amountHf hygfapRoRiISHIY IS TR ECSU A0 FRYER ARSI CERSi6aP (aykr material dres not have

significant influence on the gradient 20behaV|Oor. Table 1. CA measurements for formulations of polymers
from synthesisesgaeplel 0.7 g of AIBN at 75 “C under nitrogen for 20 h. After cooling down to

room temperature, the reaction mixture was precipitated in DI water. The white
polymer solid was washed and dried in vacuo at 45 °C yielding 29.7 g (93%) with
an average MW of 20000.

20
Synthesis Example 3: Synthesis of poly(hexafluoroisopropanol

methacrylate-co- maleimide-co-hydroxypropyl methacrylate-co-styrene

20.0 g of Isopropyl hexafluoroisopropanol methacrylate (MA-BTHB-OH), 4.1 g of
maleimide, 6.0 g of hydroxyproryl methacrylate and 1.8 g of styrene were mixed
25 with in 120 g of PGME solvent. The polymerization reaction took place in the
presence of 3.0 g of AIBN at 85 °C under nitrogen for 4 h. After cooling down to
room temperature, the reaction mixture was precipitated in DI water. The solid

was collected, dried and redissolved in acetone. The solution was precipitated in

25



1 and 4 Polymer Composition (wt%) Formulation Example Synthesis Example 1 Synthesis Example 4
Contact angle to water 4 0 100 47.55 10 90 55.0 6 20 80 58.4

DI water. The solid product was washed and dried in vacuo at 45 °C yielding a

polymer with an average MW of 8000.

Synthesis Example 4: Synthesis of a copolymer of an aminoplast and a

5 polyol

600 grams of tetramethoxymethyl glycoluril, 96 grams of styrene glycol and 1200
grams of PGMEA were charged into a 2L jacketed flask with a thermometer,
mechanical stirrer and a cold water condenser and heated to 85°C. After a
catalytic amount of para-toluenesulfonic acid monohydrate was added, the
10 reaction was maintained at this temperature for 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 filtered,
washed thoroughly with water and dried in a vacuum oven (250 grams were
obtained). The polymer obtained had a weight average molecular weight of about

15 17,345 g/mol and a polydispersity of 2.7.

Formulation Example 1:

1.0 g polymer from Synthesis example 1 was dissolved in 30 g of PGMEA/PGME
70/30 solvent to make a 3.3 wt% solution. 0.1 g of tetramethoxymethyl glycoluril
20 and 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
PGMEA/PGME 70/30 was added in the polymer solution. The mixture was then
filtered through a micro filter with a pore size of 0.2 um. The solution was then
spun 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 anti-reflective coating was
25 analyzed on a spectroscopic ellipsometer. The optimized reflective index “n” at

193 nm was 1.60 and the absorption parameter “k” was 0.15.

Formulation Example 2:

26



7505072.411000 74A Table 2. CA measurements for formulations of polymers from synthesis
example 2 and 4 Polymer Composition (wt%) Formulation Example Synthesis Example 2 Synthesis
Example 4 Contact angle to water 4 0

1.0 g polymer from Synthesis Example 2 was dissolved in 30 g of
PGMEA/PGME 70/30 solvent to make a 3.3 wt% solution. 0.15 g of
tetramethoxymethyl glycoluril and 0.1 g of 10% of dodecylbenzene sulfonic acid
triethylamine salt in PGMEA/PGME 70/30 was added in the polymer solution.
5 The mixture then was filtered through a micro filter with a pore size of 0.2 um.
The solution was then spun 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 anti-
reflective coating was analyzed on a spectroscopic ellipsometer. The optimized
reflective index “n” at 193 nm was 1.63 and the absorption parameter “k” was
10 0.17.

Formulation Example 3:

1.0 g polymer from Synthetic Example 3 was dissolved in 30 g of PGMEA/PGME
70/30 solvent to make a 3.3 wt% solution. 0.15 g of tetramethoxymethy! glycoluril
15 and 0.1 g of 10% of dodecylbenzene sulfonic 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 then
spun 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 anti-reflective coating was

20 analyzed on a spectroscopic ellipsometer. The optimized reflective index “n” at

193 nm was 1.63 and the absorption parameter “k” was 0.17.

Formulation Example 4:

1.0 g of polymer from Syntheses Example 4 was dissolved in 30 g of
25 PGMEA/PGME 70/30 solvent to make a 3.3 wt% solution. 0.1 g of 10% of
dodecylbenzene sulfonic 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 then spun coated on a silicon wafer
for 40 seconds. The coated wafer was then heated on a hot plate for 1 minute at

30 200°C. The anti-reflective coating was analyzed on a spectroscopic ellipsometer.
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The optimized reflective index “n” at 193 nm was 1.89 and the absorption

parameter “k” was 0.34.

Formulation Example 5:

0.1g polymer from Synthesis Example 1 and 0.9 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic 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 then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

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

Formulation Example 6:

0.2 g polymer from Synthesis Example 1 and 0.8 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic 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 then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

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

Formulation Example 7:

0.5 g polymer from Synthesis Example 1 and 0.5 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic 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 then
spun 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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Table 3. CA measurements for formulations of polymers from synthesis example 53 and 4 Polymer
Composition (wt%) Formulation Example Synthesis Example 3 Synthesis Example 4 Contact angle to
water Contact angle to developer 4 0 100 47.7 51.4 115

Formulation Example 8:

0.1g polymer from Synthesis Example 2 and 0.9 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
5 wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic 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 then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then
heated on a hot plate for 1 minute at 200°C.
10
Formulation Example 9:

0.2 g polymer from Synthesis Example 2 and 0.8 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
15 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 then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

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

20
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Formulation Example 10:

0.5 g polymer from Synthesis Example 2 and 0.5 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic 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 then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

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

Formulation Example 11:

0.05 g polymer from Synthesis Example 3 and 0.95 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic 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 then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

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

Formulation Example 12:

0.1g polymer from Synthesis Example 3 and 0.9 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic 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 then
spun 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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3100 0 76.8 64.4 Optical Analysis of Grade Materials Optical analyses of the graded materials were
performed using Variable Angle Spectroscopic Ellipsometry (VASE). The optical dispersion models 10
(WVASE(r) genosc.mat by J.A.Woolam) for the uniform films from Formulation Examples 2 and 4 were
used to model the films formed from the blends of these 2 components which are Formulation Example 8,
9, and 10. Experimental data (A, LP) from phase segregated films were fit to various layered models.
Among these were la dual I%}/er d %I_ layer with a uniformly mixed intermix region in 15 between, a dual
layer with a E&%H ?éb%h | %’é@ge%n,'and a single graded layer. The dual layer with a uniformly mixed
intermix regiBr%Was fqund to,be a ex?ﬁgglnt F__I Whicﬁleissalasrq dpcaq_gisten%/vith th?rcronm osm%ns in the

formulation and the” Pegmﬁsroftg?arl?necy By contac gﬁngqe medsurements P W}%rara ve Xﬂogrg&ﬂy Example

1 The lithogragpéc$p erésraianoky ef time3iht- cfleGME AdRGME of G (hSolversste vakleter 31l8ng AZ(r)
EXP AX211(\)NI?O}ghSoOtRth¢|agri]s_to'_l'p % %9'%% 8% ﬁggggyl/ i((e)rrfzene sulfonic acid triethylamine salt in
5 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 then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

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

10 Formulation Example 14:

0.5 g polymer from Synthesis Example 3 and 0.5 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
PGMEA/PGME 70/30 was added in the polymer solution. The mixture then was
15 filtered through a micro filter with a pore size of 0.2 um. The solution was then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

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

Evaluation of Resistance to Solvents and Developer for BARC Films

20 PGMEA/PGME 70:30 solvent was dispensed on the silicon wafer coated with
BARC materials from Formulation Examples 1-14. The solvent was removed by
nitrogen blowing after 60 s. No significant film losses were observed. Similar
experiments were performed with developer, AZ® 300MIF Developer. The
coating from Formulation Example 1 (polymer from Synthesis Example 1)

25 dissolved in developer due to the imide content. BARC films from the other

Formulation Examples 2-14 demonstrated good resistance to the developer.
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5 Example 4 was coated on a silicon wafer and baked at 200C for 60 seconds. Using AZ(r) EXP
AX1120P photoresist a 190 nm film was coated and baked at 100C for 60 seconds. The wafer was then
imagewise exposed using a 193 nm exposure tool. The exposed wafer was baked at 110C for 60
seconds and developed using AZ(r) 300MIF developer for 30 seconds. The line and space 10 patterns
when observed under scanning electron microscope showed no standing waves, thus indicating the
efficacy of the bottom anti-rﬁ%ective coatin%\i/hic ained.on the substrate after development.

Lithography QQWE'%%? qﬁ‘ﬁ%%ﬁﬁ& o eC&a[HQ%%ti-reﬂective coating formulation was
evaluated usj P AX2110P phptoresist. The, solution of For tion Example s coated on a
Ciicon wafer %1 BARS A1 S00E Y BG S R RS T ar SR R 30 1o i
was coated andtbakadgle10dider Gtbseamitdsoadtasl walfarwasetlerpsnaigeaise weppseltieditg a 193 nm

20 exposure,tool. The exposed wafer.was bak t 110C for 60 seconds. and develo using AZ(r)
300MIF lovBoep a0 o o RIS L AEE et o Bplel e GBS AP RS, lecton
microscbpe sheasedatbbstarsiivgg WaAeX, A0XEisyistating B afécagingftttesedivencant@cteciiee coating.
The pattern profile ha n ced footing/scum co i thegesults 25 fro ative
Lithography %aﬁéngp%g% é)l\gf?ﬁ{s%{#,@n %Irglti(rgg‘%é f\a/r(raqgcr)a |§gaéc}§)%ﬁ§r?s'ing% ll"lT%lj)% r%gggaoﬁé%%mer and a
second poly3eD, Mifd) instead afavaiere mac ot ontiegethieestirsieppigoesiu fe asesribatiiabsivene
fluoroalcoho|,moi I 0 0 ' r@%& jety, eastone aci iety. ether than
quoroaIcohole%té%g %@a %ﬁ %ﬁ% gﬁr%y éo]? g%g' éﬁ w e@%%g éﬁggﬁﬁrégﬁynﬁ}’ iggg @ég]c%%nspﬁ%ﬁlﬁ ct of an
aminoplast chaednd alile 2 centhdabtecdrigyrfeimguatiznst vt hydrpaliraaddramleasttbasiscid group;
whereinthe f r'\%w ises: o] i i IS Hl iet rived from
ctrie tuﬁr’gt (8)%'8?%@58%@0 ,Oi{ﬁg)%?%%’b%e&n%’@. RAMBES ML HEATBYRIRG AL BRSO IP P

4 (Table 1), the contact angle increment upon addition of the hydrophobic

polymer from Synthesis Example 1 is not as effective as desired. It results from

the nature of low fluorinate and high imide content in the polymer. For polymers

from Synthesis Example 2 and 4 (Table 2) or polymers from Synthesis Example

15 3 and 4 (Table 3), significant increase of contact angle with addition of

hydrophobic polymers from Synthesis Example 2 or 3 is observed, which

indicates a graded top layer is formed. Polymers from Synthesis Example 2 and

3 contain significant amount of hydrophobic units. The result also reveals that the

MW of the top layer material does not have significant influence on the gradient

20 behavior.

Table 1. CA measurements for formulations of polymers from synthesis example
1and 4

Polymer Composition (wt%)

Formulation Synthesis Example  Synthesis
Example 1 Example 4 Contact angle to water
4 0 100 47.5
5 10 90 55.0
6 20 80 58.4
7 50 50 72.4
1 100 0 74.4
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15 where R1, R2 and R3 are independently selected from hydrogen and (C1 - C4)alkyl, R"4 is a linear (Ci
- Ci0)alkyl group or an (C6 - C14)aryl moiety and R8 is a direct valence bond or is a (C1- C10)alkylene
spacer group. 2. The antireflective coating composition of claim 1, where the first polymer 20 further
comprises an aromatic group. 3. The antireflective coating composition of claim 2, where the aromatic
group is a unit of structure R6 /Ps /Joi-R4 25R7(1 1) 0-R5--A ;54 '(12) where Aris an aryl moiety, where

R1, R2 and R3 re in endentl sele te]d nd (Ci gl):alkyl 4|sa%%a CilO)aIkyI
arou or an (e AR RS gl T @Ea%%sb%rfaomegs gt P
independently selected from hydrogen, (C1- C10 g‘!‘oup, an aryl moiety (C6 - 5C14), a (CZ-

C8)carbonyloxyalkyl, and (C2- C8JealfpoayICérmpesitninefletiye coating composition of claim 1 where the

first polymer type has structure (1) 10 (-P1(-P2 )(F3 )(-P4 )x (-P5) 0) where P1 is a monomeric unit
comprising a Aooredétaol moigpntRéesis & xaompleeri8ymtivesimprising an aliphatic alcohol group; P3 is a

monomeric ulikample 2 Example 4 Contact angle to water
4 0 100 49.6
8 10 90 70.3
9 20 80 72.4
10 50 50 74.4
2 100 0 78.5

Table 3. CA measurements for formulations of polymers from synthesis example
5 3 and 4

Polymer Composition (wt%)

Contact

Formulation Synthesis Synthesis angle to Contact angle to
Example Example 3 Example 4 water developer

4 0 100 47.7 51.4

11 5 95 63.7 60.6

12 10 90 70.3 62.9

13 20 80 72.5 63.3

14 50 50 73.1 63.3

3 100 0 76.8 64.4

Optical Analysis of Grade Materials

Optical analyses of the graded materials were performed using Variable

Angle Spectroscopic Ellipsometry (VASE). The optical dispersion models

10 (WVASE® genosc.mat by J.A.Woolam) for the uniform films from Formulation
Examples 2 and 4 were used to model the films formed from the blends of these

2 components which are Formulation Example 8, 9, and 10. Experimental data

(A, W) from phase segregated films were fit to various layered models. Among
these were a dual layer, a dual layer with a uniformly mixed intermix region in

15 between, a dual layer with a graded region in between, and a single graded
layer. The dual layer with a uniformly mixed intermix region was found to be an
excellent fit which is also consistent with the compositions in the formulation and

the results obtained by contact angle measurements.
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comprising an imide moiety of structure 8 or 9; P4 is a monomeric unit comprising 15 a base ionizable
arylhydroxy moiety; P5 is an optional monomeric repeat unit comprising an aryl chromophore moiety; u, v,
w, X, y are representative of mole% proportion of repeat units in a polymer chain and where u, v, w and x
are greater than 0 and y is zero or greater. 205.The antireflective coating composition of claim 1, where
the first polymer comprising fluoroalcohol group is a unit of structure (2) X OH(2) 25where X is ethylenic
unit or substituted ethylenic unit, W is selected from an alkylene and arylene group, and Rfi and Rf2 are
independently a fluoro(C1C4)alkyl group. 6.The antireflective coating composition of claim 1, where first

polymer con(uisipaithe \adipligicgnaioyx i xeeigsyesia unit of structure (7) (7) where R1, R2 and R3 are
independently selected from hydrogen and (Ci-C4)alkyl, independently selected from hydrogen and

(Ci-C4)aIkyI, R4 is ﬁ’ymdigmgommnic((p'gﬁmmﬂ_m:grmﬁjp,eaadtiﬁéﬂe_gbreomedtfrtgﬁcammmmDMand a
CoToaloL e by Lo IS GRS SE OO LB, oV i e
(10b), 5 Example 4 was coated on a silicon wafer and baked at 200°C for 60 seconds.
Using AZ® EXP AX1120P photoresist a 190 nm film was coated and baked at
100°C for 60 seconds. The wafer was then imagewise exposed using a 193 nm
exposure tool. The exposed wafer was baked at 110°C for 60 seconds and
developed using AZ® 300MIF developer for 30 seconds. The line and space
10 patterns when observed under scanning electron microscope showed no
standing waves, thus indicating the efficacy of the bottom anti-reflective coating

which remained on the substrate after development.

Lithography Example 2

15 The lithographic performance of the anti-reflective coating formulation was
evaluated using AZ® EXP AX2110P photoresist. The solution of Formulation
Example 8 was coated on a silicon wafer and baked at 200°C for 60 seconds.
Using AZ® EXP AX1120P photoresist a 190 nm film was coated and baked at
100°C for 60 seconds. The wafer was then imagewise exposed using a 193 nm

20 exposure tool. The exposed wafer was baked at 110°C for 60 seconds and
developed using AZ® 300MIF developer for 30 seconds. The line and space
patterns when observed under scanning electron microscope showed no
standing waves, thus indicating the efficacy of the bottom anti-reflective coating.
The pattern profile has shown reduced footing/scum comparing to the results

25 from Comparative Lithography Example 1.
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0_R_A,....(cown nr (10b) where Ar is an aryl moiety, where R1, R2 and R3 are independently selected
from hydrogen and (Ci-C4)alkyl, R4 is a (Ci-CiO)alkyl group or an (C8-C14) aryl moiety R5 is a direct
valence bond or a spacer group R6 and R7 are independently 20selected from hydrogen, (Ci-Cio) alkyl
group, an aryl moiety (C6-C14), a (C2- C8)carbonyloxyalkyl, and (C2-C8) carbonyl, and n=1-3 8.The
antireflective coating composition of claim 1, where the second polymer is a reaction product of an

aminoplast \Qh.a g_olyhydroxyl compound. 25 9.The antireflective coating composition of claim 1, where
the aminopl lected from structure 19,

1. An antireflective coating comprising a mixture of a first polymer and a
second polymer, and a thermal acid generator, where the first polymer
5 comprises at least one fluoroalcohol moiety, at least one aliphatic hydroxyl
moiety, and at least one acid moiety other than fluoroalcohol with a pKa in the
range of 8 to 11; where the second polymer is a reaction product of an
aminoplast compound with a compound comprising at least one hydroxyl and/or
at least one acid group; wherein the first polymer further comprises a monomeric

10  unit comprising an imide moiety derived from structure (8) or (9)

R R R“
N o
)N Ry 5/ NH

O H (g (9)

15 where R4, R; and Rs3 are independently selected from hydrogen and (Cq —
Ca)alkyl, R4 is a linear (C1 — Cqp)alkyl group or an (Cg — Cq4)aryl moiety and Rs is

a direct valence bond or is a (C4 — Cqp)alkylene spacer group.

2. The antireflective coating composition of claim 1, where the first polymer

20 further comprises an aromatic group.

3. The antireflective coating composition of claim 2, where the aromatic

group is a unit of structure

25 R (11)
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5 where each R10 is independently CH20(CH2)mCH3, mis 0 to 3 and R11 and R12 are independently
hydrogen or C1-C10 alkyl. 10. The antireflective coating composition of claim 1 where the hydroxyl 10
compound is selected from structures 27 and 28 OH R17 0 N 0 R13 rRi41\1 R1R16 HO 5 OH
OH(27)ONOH (28) where R13 is a spacer group, R14 is selected from hydrogen, C1-C10 alkyl, an aryl
15(C6-C20), an (CG C20)alkylaryl, R15, R16 and R17 are independently a C2-C8 alkylene spacer. 11.
The antlreflechv tjngacomqosmon of claim able form| a film
rls n aryl moiety, where and zarei dependently selected from

hydrogen and (C1 — Cy)alkyl, R4 is a (C1 — Cyp)alkyl group or an (Cg — Cqg)aryl

moiety Rs is a direct valence bond or a spacer group Rs and R; are

independently selected from hydrogen, (C1 — Cqp)alkyl group, an aryl moiety (Ce —

5 Ci4), a (Cz — Cg)carbonyloxyalkyl, and (C, — Cg)carbonyl.

4. The antireflective coating composition of claim 1 where the first polymer

type has structure (1)

o CPTEPEPe PP,
where P4 is a monomeric unit comprising a fluoroalcohol moiety, P, is a
monomeric unit comprising an aliphatic alcohol group; P3; is a monomeric unit
comprising an imide moiety of structure 8 or 9; P4 is a monomeric unit comprising
15 a base ionizable arylhydroxy moiety; Ps is an optional monomeric repeat unit
comprising an aryl chromophore moiety; u, v, w, X, y are representative of
mole% proportion of repeat units in a polymer chain and where u, v, w and x are

greater than 0 and y is zero or greater.

20 5. The antireflective coating composition of claim 1, where the first polymer
comprising fluoroalcohol group is a unit of structure (2)
X

|
w

R L RE 2

25 where X is ethylenic unit or substituted ethylenic unit, W is selected from an
alkylene and arylene group, and Rf; and Rf, are independently a fluoro(C;-

Ca4)alkyl group.
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where the film has a water contact angle in the range of 65-85. 20 12.The antireflective coating
composition of claim 1 capable of forming a film where the film has a contact angle in the range of 55-65
in an aqueous alkaline developer. 513.A process for manufacturing a microelectronic device, comprising;
a) providing a substrate with a first layer of an antireflective coating composition from claim 1; b)
coating a photoresist layer above the antireflective coating layers; c) imagewise exposing the
photoresist layer with deep, ultfaviolet 10exposure; . %dev loping the photoresist layer with an
Baueous alkBine deSAT RGOS SRR B rer I B Y S MEE e coating
layer has anctrapssimditimevalipd atéorhgdsoxednisriahdeunitalé sipectuvsqa@pic ellipsometry in the range of
0.05to0 0.35. 15. The process of claim 13, where the photoresist is sensitive to exposure to radiation of

wavelength E{om 2%0 nm to 12 nm. 16. The process according to claim 13, where the developing
solution is a Sq_uijs solution comprising a hydroxide base.
R2 o OiRg
HO Ry (7)
5

where R, Rz and Rs are independently selected from hydrogen and (C4-Cy)alkyl,
independently selected from hydrogen and (C¢-Cs)alkyl, R4 is hydrogen or an
(C1-C1o)alkyl group, and Rg is selected from a direct bond and a (C4-C12)alkyl
spacer group.

10
7. The antireflective coating composition of claim 1, where the first polymer
comprises an acid moiety other than fluoroalcohol with a pKa in the range of 8 to
11 of structure (10a) or (10b),
’ —(OH
15 Ry (10a)  © r (10b)

where Ar is an aryl moiety, where Ry, R, and R3 are independently selected from
hydrogen and (C1-Cs)alkyl, R4 is a (C4-Cqp)alkyl group or an (Ce-C14) aryl moiety
Rs is a direct valence bond or a spacer group Rs and R; are independently

20 selected from hydrogen, (C4-C1o) alkyl group, an aryl moiety (Cs-C14), @ (Co-
Csg)carbonyloxyalkyl, and (C,-Cg) carbonyl, and n=1-3

8. The antireflective coating composition of claim 1, where the second

polymer is a reaction product of an aminoplast with a polyhydroxyl compound.
25
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9. The antireflective coating composition of claim 1, where the aminoplast is
selected from structure 19,

\
X
=)

R 0
N
Ris (19)

/

0]
)kN

N N
Rg\@f

where each Ryg is independently CH; —O—(CHaz)—CH3 mis 0 to 3 and Ry and
R12 are independently hydrogen or C4-C1g alkyl.

10. The antireflective coating composition of claim 1 where the hydroxyl
10 compound is selected from structures 27 and 28

'?17

OYNYO

Ry NN
'?13‘( HO/R15 Y Rie_

OHOH (27) O OH (28)

where Rq3 is a spacer group, R14 is selected from hydrogen, C4-Cqo alkyl, an aryl

15  (C6-Cq0), an (Cs-Cyo)alkylaryl, Ris5, Rig and Ry7 are independently a C»-Cs
alkylene spacer.

11.  The antireflective coating composition of claim 1 capable of forming a film

where the film has a water contact angle in the range of 65°-85°.
20
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12.  The antireflective coating composition of claim 1 capable of forming a
film where the film has a contact angle in the range of 55°-65° in an aqueous

alkaline developer.

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

a) providing a substrate with a first layer of an antireflective coating

composition from claim 1;
b) coating a photoresist layer above the antireflective coating layers;

c) imagewise exposing the photoresist layer with deep ultraviolet

exposure;

d) developing the photoresist layer with an aqueous alkaline
developing solution.

14.  The process of claim 13, where the first antireflective coating layer has an
absorption value as measured by variable angle spectroscopic ellipsometry in the

range of 0.05 to 0.35.

15.  The process of claim 13, where the photoresist is sensitive to exposure to

radiation of wavelength from 250 nm to 12 nm.

16. The process according to claim 13, where the developing solution is an

aqueous solution comprising a hydroxide base.
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