WO 2011/ 151719PCT/ 1 B2011/ 001229 ANTI REFLECTI VE COATI NG COVPCSI TI ON AND
PROCESS FOR MANUFACTURI NG M CROELECTRONI C DEVI CE The present
inventioQNbgkg%gélgo a novel absorbing bottom antirefl eglirdg,GPafbne
conposition A ’3. The antireflective coating conposition conprises a 5
bl end of two polyners chosen so as to give a hydrophobic acidic top |ayer
for the BARC. The invention further relates to a process for inmaging

phot oresi st coated over the novel antireflective coating.
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m ni atayrczed el ectroni ¢ conponents such as in the fabrication of 10
conputer chips and integrated circuits. Generally, in these processes, a
thin coating of filmof a photoresist conmposition is first applied to a
substrate material, such as silicon based wafers used for naking integrated

circuits. The coated substrate is, then baked to evaporate any.sqlvent in
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the use of new photoresists that are sensitive to shorter and shorter wavelengths
of radiation and has also led to the use of sophisticated muiltilevel 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.



Conventional single |layer BARC s are not adequate in the controlling
reflectivity to less than 1% for all incident angles in |lithographic

applicati the NA exceeds 1.0 Abdallah et al., ' f SPIE
Vol . 5753‘9??8%,57%3@% 15 a5t o nded BARC & with 1 unbG RSB0 S

of fer inproved 20 reflectivity control. Initially, such materials were
based on inorganic filns prepared using Chem cal Vapor Deposition CVD as in
US 6,297,521. Mdire recently, (Brodsky et al US 7,588,879 B2) graded organic
BARC s have been described that can be forned in one spin coating operation
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coating conprising a m xture of a Tirst polymer and a Second polyner, and a
t her mal aahén gearstakp stepinsecoridiphdtoresistpattene s defined stahe 3amecpitth asie

fl uoroal cohol, noiety, at |east one 15 aljphatic roxyl nmoiety, and, at

| east _one 106 PR DEMRSH PRSI GRIS BABP WBDH Hhases 18 ASERthe. of
about 8 t ajANRMMeck toMHY Substrats SRt the PetMg e thAGRT halNoP IS Rigle®!f an
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at | edSt @x@oadies. group. The invention further relates to a process for
using the novel conposition to forman inmage. 20 Brief Description of
Drawi ngs Fi gurGonvegtiona sixgleplayer ARG @se sndtoadeguate gor be2cemiouling

Cramel =S ShodINIT a8 R RN N B B b 2
nononer s fwiier@3hé NfuexceedshhOs\Hdalalp etal. dProegeediogs @f 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



WO 2011/ 151719PCT/ 1B2011/ 001229 Det ai |l ed Description of the Invention

The present invention relates to an antireflective coating conprising a

m xture qQf Q%Lﬁﬁ?ﬁB 2 polynmers. The antireflective coat%egﬂﬁﬂﬁggﬁkﬁjon
conpri ses 8 at least a first polyner and at | east a second pol yner
different fromthe first polymer. The first polynmer conprises at |east one
unit with a fluoroal cohol noiety, at |east one unit conprising an acidic
noi ety other than fluoroal cohol, and | east one unit with an aliphatic

al cohol. The unit with the acidic noiety may be an imde or aromatic

al cohol (such as phenol, naphthol, etc). In one enbodinent, the 10 acidic
noi ety maycritiae for pd@od Hithdgraphicg pedbrrsimee, 8udhl.asThrefléctivity pomtyoteanday
further copprise at | east one unit conprising an araomatic noigty. The novel
composi t1 o CUBHEPIEEILC Aty GRREHaNY FEMMARIAT 720 dogaPRAtErRelBierddl . | on
product of jjiaggphrep! ast compound with a reactive conpound conprising at

| east one hydroxy group and/or at |east one acid group. |In one enbodi nent
the 15 reacti verR@nprisaAt CREIRY | aRfirefleblivaTDécatingdIcOpaaitRIMDSs ( REENUNYfF OXY
conpound or polyol), a conpound containing 2 or nore acid groups (polyacid
conpourfd) , inynessiany Hithegrephy oasdwebneai HNmgraien hhtaogwhmugiﬂj Rattexdng

group. The (o] 1 i ; y O
i noret hyPCRL ARy N LEF RIS SofAThaY B AMacBaB R DA BRFABEAP e
20 second matching that dfethe phodoresisb hised tihammeérsiohi litbognaphyrbut alshusasaél owi ng
the first of polymer to magrate towards_the surface of the,coated filmfrom
t he novel %‘?ﬂcfr%ﬁ%t?%ec%gﬁi ﬁ%"egg‘?ﬁfoéft?f SRPOTHE %V%PICEOFPSO?F%I?%R!E#S
capabl e of ph&tbrasid had geRiBddripkit péedranhce, eirkrfrby of sa@hiand ddfedts. t here

is a gradation in the refractive index and absorption in the film The
antiref ective conposition further 25 conprises a Thermal Acid Generator

(TAG whosg &yﬁh&g;lo?ﬂwﬁ' Svbignhance cross-linking. The solid conponents of

t he conposr%ro in an organic solvent. The novel

antireflective ' E L LSe t first
e poﬁﬁggat&ﬂ]ga?%w LRCSntbACARE céémggebm%mg g firs

pol ymer and a seco Irst polyner conprises 30 three repeat
units, at medsete oha fiedt feilymert ahd assecomd pdlymer, and Adhetmalnacidfgengraiond/ or

WO 2011/ 151719PCT/]1 B2011/ 001229 P4 d ' ' Th
Composi 1 NG TdrT R BE SpRsey S8 e Cotar o O ¥ lseelahe
structyg e llphatic hydrdxyPinoiety? aid Bt4east dndacid Mbiely oiitsrethBi flubrealeshudner i c
unit conprising a fluoroal cohol moiety, P2 is a nmonomeric uynit conprising
an al i phat Vi & Riéadn the GAnge P@a'i’%“tap !%ﬁe%'rﬂi where 8n§_ﬁq°§‘Hrfb°'¥mef Be

moi ety;  PAd31ich TROQIR' dCak Hrhinb PRI Icdhipdufd e @ kAlpblind comprising at

least one hydroxyl and/or at least one acid group. The invention further relates to

a process for using the novel composition to form an image.
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 P3.
25 Figure 4 shows Examples of monomers for P4
Figure 5 shows Examples of monomers for Ps

Figure 6 shows Examples of aminoplasts



10 ioni zabl e aryl hydroxy noiety; P5 is an optional nononeric repeat unit
conprising an aryl chronophore noiety; u, v, w, X, y are representative of
t he nol e%varzgg(plrs 4;9n of repeat units in a polynmer chai npaRdpYiEhiasy vV, are
greater than O, at |least one of wand x is greater than zero and y is zero
or greater. P2 is a nonfluorinated aliphatic alcohol. In one enbodi nent the
pol ymer conprises Pl, 15 P2, P3 and optionally P5. In another enbodi nent

t he pol yner conprises P1, 132 P4 and optionally P5. In another enbodi nent

t he pol yner conprises Pl1, P2, P3 and P4, and optionally P5. In the
first polynmer, the unit Pl conprising the fluoroal cohol noiety nmay be
derived fromthe nononer unit having structure 2 where X is ethylenic or 20
substituted ethyl eni c noi et%’emhi ch forns the backbone of the polyner, R,
and Rf2 arRetaigd hasseption,obthellnwemion) - c6) al kyl group and Wis sel ected from
a direct valence bond and a spacer group. Exanples of a spacer group are

al kyl, al kyl estke ,prw%t,lnaem!qwrela%@ te RnuaRiiefle@iveocoatinge CaMRIEBAI 8 group
may be subgstj.t ut I I I r Nbr e
apeci i cal Tkt Satléad Sk, Tné dhttdiRlile oBathid EaBaRton oBlbristR C.
6, whére &RlleaBR aafidt Rmer andegidrdstinalsecont] quilydef differagidfroge theaficst

G -C4)al kyl,, 5 i Cl- C18) al kyl £8-C14 | i
(such na phliger The fishppiymesgorprisés of AP o upll iita JuctbaliobipL BRI o, .
where the saast otd QHit compridthghit dcidid moidty asther thadr ilorogitehdly bind Rédstand

Rf 2 are independently a fluoro(C -Co6)al kyl gr oug _é_such, as CF3, CF2CE3,
CH( CF3) 2) , oyt wjthjangiphakie ajgobel. . TheginitwitiRthepcidic AYsbmeaNn beanignde ed

from hydro - G n i@t Y ($6s ] h as
phenyl  napt ALyt Sl@hoP ik A5 ifnof abiftho Tk dn (s cfgient e &)
car borid (acidic rasiefyomaylhavaecepih)in tikx sangecef alfourB-At.eThe fiesdipo(yaler rapy) al kyl

<" Sopr oporier S e, & st el bR ol Sl rsnialic AL XhePhud, | ="

cyc IhOpe nt y¢dr?lpd;‘smrp:oempn;se§5a as“e@.olﬁd obcslgmtelr \lfariehn de(é)cpuymeriz(ntispahmctigm oup
such 15 as those sel ecte roma |inear. yl ene (Cl-Cl10 such. as

ot hyi ane. PIEBH Bhan SHIMARIEATRYT WD TESave, CETBRIRG| PR &t o)
and aryl engasP&e hy@oRYRrdGS ahdfr dt 364t ohe MIEYdEHan dHPELBYHIRRL th&ur t her
exanpl es of R6 and” R7 are a linear alkyl group (CIL-Cl10), (such as nethyl,
et hyl ,15n- preaptivg compawatheamMRIires 2§ sugre(harirexyogroups épolyydrexy, eepppund

cyal opent yh PORRE sphpRiid scRtaliRol Bt el i grtip ol Ui une),
branched, ayahibridcompound esntdiing dbth &ihydrexylarghamsacigbgoiupi ¢hesecbndi t i ng
exanpl es ?éol%g‘c:)r oa&{c]:nghol ITCE)I et .splﬁear %Fig%nom%@v{?ﬁeq&%hggwmf@ul d lé))?
derived t epe nit eg str A fir
pol yner, tAfinéfdthyiéneNytireXy hfviéthes MEOPBLORNI R=aIRYID6A Hi).NFurthermbrealth@hat i ¢
al cohol group is deri v_eol fromthe npnomsrt h?wtng structure (7) \{\r@ee]rcreStRl

-Ci o) al ky I itBeS e
froma direc 0'%ona aﬁ% %Oﬁlglia[ﬁ%y%&gpacer ge?gggfbng ms];y betﬁgn aﬁyl ene
spacer gr cagiréfeictige epating lcompasitiony | Ene nevely¢ampositiaHis capabipRCfgrming a

branched al kyl ene, spacer ., ar -Cl2). su - T i C
al Kyl one SpeRoghp aRsdes, Hiitthertve xentoh iRefl il @ biadgioR e ®) o
shows spedgiefractiwxndek emdadbsopptiviein therfimt UNesaihtireflestiviectonuesitiih furiher coul d

be derj ved. )
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 P3zand/or



(7) 10 In the first polymer, the unit P3 bearing the ionizable imde
pol ynmer repeat unit is derived fromtwo possible nononmer structures (8

and/ or 9)woShiusiube 8 is a cyclic imde where R8 is a @iagioryadience bond
or an (C-C o) alkylene group. Structure 9 is a noncyclic imde where Rt R2

and R3 are independently selected 15 from hydrogen and (G -C4)alkyl, R'4 is
a linear (Cl-010)al kyl group or an (C6-Cl4) aryl npoiety (such as phenyl,
napht hyl ). Exanples of R8 are a linear al kylene spacer group (Cl-C3), (such
as net hyl ene, ethylene) or a branched al kyl ene spacer group (C2-C10)-
Specific non limting exanpl es of possible nmononers fromwhich the unit PS3,
t he i mi de Bearidngn ioptioraibiepeab uvit {PsWolihe dospisitionedf thestrst palyBiardyper es 8

and 9 are shown in re 3. ..\O 19PCT/ 1 B2011/ 001229 In the
first pol yWEYeX?ng'E%(?EVEPToélo‘gmgz%é#&?g; i nononer units (10a) or nonomer
unit (10b), where Ar is independently an aryI nmoi ety such as phenyl,

napht hyl, ('antl_—h R ﬁ 3, 4 RS, R6, and R7 are as
pr evi ous| y' dedcri Lbed énd as %1t &St“ one hyéro substituent (nr1-3 in
struct ge 5 10a and 10b). xre 4 shows speC|f|c non restrictive exanpl es

derived fromstructure 10a a 10b.
where P; 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 P, Pzand optionally Ps. In another embodiment the polymer comprises P4, P2, P4
and optionally Ps_In another embodiment the polymer comprises P4, P,, Pz and

P4, and optionally Ps

In the first polymer, the unit P, 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, Rfy and
Rf, are independently a fluoro(C4-Cs)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, Py may be derived

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



0O Rs__ _Kr (OFOn (10b) 10In the first polymer, the optional unit P5, is a
chronophore repeat unit and is derived fromeither the nononer unit (11) or

t he monongp Wits11182), where Ar i s independently an arylpefgpsRi/Gik®s such
as phenyl ene, napht hyl ene, anthracenylene, Rl R2, R3, R4/ R5, R6, and R7

are as previously described. R4 is not hydroxyl. 15 R6' /R3 rCArFil R7(11 )
(12) Figure 5 shows exanples of nmononers of structure (11) and (12) which
may be used to formthe polymeric unit P5. 20l n one enbodi ment of the first
type of polymer, the polymer may conprise repeat derived from nononmer units

P1, P2 and P3 as described herein. In one enbodiment the first polyner is,
R R R
6

R1 R3 R [o]

X Ry %

vlv RZEO;O{ Rz;bﬁf !
Rf1/(‘)\H Rf, Rf17( R o:.,

(2) 3) (4) (5) (6)

where R;, Rz and Rj are independently selected from hydrogen and (C4-Cy)alkyl,

5 Ryis a (C4-Cqg)alkyl group or an (Cg-C14) 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(C+-Ce)alkyl
group (such as CF3, CF,CF3, CH(CFs3),), CF(CF3)2) and the like); Rg and R; are
independently selected from hydrogen, (C1-C1o) alkyl group, an aryl moiety (Ce-

10  Cy4) (such as phenyl naphthyl), a (Cx-Cg)carbonyloxyalkyl (such as CO,-OCHj3),
and (C,-Cg) carbonyl (such as formyl, acetyl). Examples of R4 are linear (C;-
Cio)alkyl group (such as methyl, ethyl, n-propyl), branched (Cs-C1o)alkyl group
(such as isopropyl, isobutyl), (Cs-Ciz)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-C1o) (such as methylene, ethylene),
branched alkylene (Cs-Cy2) cycloalkylene (Cs-Cq2), and arylene spacer group
(Ce-C14) (such as phenylene, naphthylene). Further examples of Rg and Ry are a
linear alkyl group (C41-Cq9), (such as methyl, ethyl, n-propyl), branched alkyl group
(C3-C+0) (such as isopropyl, isobutyl) and a cyclic alkyl group (Cs-C42) (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 P4 repeat unit from the general structure 2.

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

R1, Ry, and Rj, are as described previously, R4’ is hydrogen or an (C4-Cqg)alkyl



(13) The first polymer may be represented by, 5 (14) HH3HCH3 09-,0 O
0, KCH3 [13 CH2HO cH3 CF37( HO CF3 In anot her enbodi nent of the first type

of pol ymago 2oh@ispabyner be PCT/IB2011/001229

group, and Rg is selected from a direct bond and a (C4-C42)alkyl spacer group. Rg
may be an alkylene spacer group (C4-C40) such as methylene ethylene (-CHo-, -
CH,CH.-), a branched alkylene spacer group (C3-C42) such as (-CH(CH3)2—), 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 P3bearing the ionizable imide polymer repeat

unit is derived from two possible monomer structures (8 and/or 9). Structure 8 is
a cyclic imide where Rj is a direct valence bond or an (C4-C40) alkylene group.
Structure 9 is a noncyclic imide where Ry, R, and Rj; are independently selected
15  from hydrogen and (C4-C,)alkyl, R4 is a linear (C1-Cqp)alkyl group or an (Cs-C14)
aryl moiety (such as phenyl, naphthyl). Examples of Rg are a linear alkylene

spacer group (Cq-C3), (such as methylene, ethylene) or a branched alkylene

spacer group (C2>-Cqo).
— R1 R3 R"4
JN R
\ 2 NH
20 O H g o (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 nore specifically, WD 2011/151719PCT/1B2011/001229 (17) The
structure for the polynmers resulting fromthe polynerization of four

speci fi ¢ Wwenei@isst1sopr opyl hexaf | uor oi sopr opanol net hacr ylpgtragsml/eiprde, 5
hydr oxypr opyl nethacrylate and styrene is shown in (18). CF3 HO CF3 (18)

10The first type of polynmers of this invention may be synthesized using any
known net hod of pol ynerization, such as free-radical polynerization using a
catal yst. The polymer may be synt hesi zed using solution, enulsion, bulk,
suspensi on pol ynerization, or the |like. The polyners of this invention are

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, Ry Rz, R3, R4, Rs, Rs, and R; are as
previously 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 :R3 Ry R3
R, Ar—_(OH)n R?Z;\O—RFAF(OH)n
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, Ry Rz, R3, R4, Rs, Rs, and Ry are as previously described. R, is

not hydroxyl.
15
R R NSO
/ '\A(& R?Zg\o_ R
R (11) o PTEAT (1

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,



pol ynmeri zed to give a polynmer with a wei ght average nol ecul ar wei ght from
15 about 1, 000 to about 80,000, or 5,000 to 30,000. The nol ecul ar weight is
chosen syg e first polyner coats nore uniformy ed

t hi ckness of nﬁélgpaded m xture of the two types of poIPétﬂﬁ;ﬂﬁ]{zﬁ'ﬁ%gr

pol ydi spersity (Mwv M) of the free-radical polyners, where Mvis the weight
average nol ecul ar wei ght and Mh is the nunber average nol ecul ar wei ght, can
range from1.0 to 10.0, where the WD 2011/151719PCT/I1B2011/001229

nol ecul ar wei ghts of the polyner nay be determ ned by gel perneation

chr omat ogr aphy. The novel conposition of the present invention

conprises at geasg tmo poly rs i ch phase separate fromeach other with
the first po antly to the surface of the coated film
The surface of: t °f|an1 ns \a smal | amount of the second pol ynmer which

crosslinks with g §t polynen, thus curing the entire film Therefore,

a concentration ghadlent S pres in the top portion of the filmwth the
surface containing fshe hi ghest unt of the first polynmer and the bottom
of the f|In1conﬂél Qg the hldhesﬁ4ﬁEE§nt of the second 10 pol yner.

Addi tionally, t h&°%t wo types of poly forma cross-1linked network during
baki ng such that the coatlng is resistant to spin casting solvents of the
phot or esi ng. The surface of the BARC filmis
wet abl e biﬁéﬁﬂggﬁg R%fh?lne ﬁg%§$%g§?byespeC|ally after exposure and during
devel opnment, thus mnimzing scumm ng and footing of the inmaged photoresi st
15 features #ormeg on the rfgte of novel BARG film Furthernore, the
optical con i x and absorption, of the first and second
pol ymers areHsu t hat “oat€d fil mhas graded optical constants through
the BARC fil m%ijNing owtimal antdreflective characteristics. The

conposi tion ran@égﬁi repeat uhit in the first type of polymer ranges 20
fromabout 20 to ut 60 ”Dfﬁ) A nore specific conposition range is
about 35 to abo O nol e% The B and/or Pit polyner repeat unit bearing a
base i qni zabl e {'eky provides good g%geous base wetability during

devel opnent in an aqueous al kali ne d | oper. P3 and/or P4 is in the range
of about 15 to about

Sfii%

OCH;,H

CH2 HO CH,
CF;

HO CF; (1 5)

In another embodiment of the first type of polymer, the polymer be

10

Ry
Rz 3>; \ i

o \

! O Rs R,
Rs
Rf17< HO R4
HO Rf; (16)

and more specifically,



45 nol e% or about 20 to about 30 nole% The total nol e% conposition of 25
repeat units P1 and P3 and/or P4 the fluoroal cohol bearing and ionizable
noi eti es weIPACisiMe!l y can be between 30 to 80 nol e% or parhd€oih200 to 70
nol e% The range provi des good aqueous base wetability while still allow ng
the first type of polyners to mgrate to the surface of the polyner blend.
The total nole % conposition of P2 is 10 to 40%or 15 to 35% The optional
P5 pol yner repeat 30 units bearing a UV absorbing noieties nay have a
conposition range of 0 to 20 nole % A conposition range of 5 to 15 nole %
may be used when present. This unit may be used to finely tune the optical
constants so @s tg provide nmaki antyref Hective properties. 5 The
antireflectiVe\coali C j is ey ably capable of formng a film
where the fil'nf has a ‘wat i\m a range of about 65-85. The
antireflectiv@ ti canpositio ably capable of formng a film
where the fil mhas a cofjt act angl@in a ye of about 55-65 in an aqueous
al kal i ne devel op&k,R40 H The frrst polyfigy useful for this invention is
preferably chosen t\, have a ran

65- 85 or about 70-8 Mo hi ch pr O\Tg?jeﬂ'%or a good phase separation fromthe
second type of p® r. The first polynmer preferably has a contact angle
wi t h aqueous al kaiQ nB2devel oper of 55- 15 65 gfiver the inmagi ng process,
that is after exposure and devel opnent. The devel oper is typically an

t et ramet hyl anmoni um hydr oxi de or 2.3 wei ght %t et r anet hyl ammoni um hydr oxi de.
to the novple cRIBRRA fdraRe PoNMbaefesutPig ASMAaRE iztioRf of fAF 8pesific mged
in photoresist coated on the BARC. Furthernore, the range of n and k at 193
nm f or themphemergpol isepropyhoulhgxpBugroisepiopsnel 75 mathagy@tes- omakeipide, =

1.55-1..70 = - ¢ d f tical
const anSt S 'ﬁz’q‘i’&?"g‘?ﬁ nge?t%a?rg‘ratté;%hg%&ﬂ@\ﬁ/glﬁéu%g&%rﬁng(g%?g?ezt ﬁero\afai/g?engt h of

ultraviolet light such as 248 nm The novel conposition of the present

i nvention congrises,a second |y swhish i ¢1 t he condensation
pol yneri zat i C ast P a reactive conpound
conprising atyl eagt ong h oxy grogp and/or)at |east one acid group in the
|
H

presence of a lyCic uft " of aost rong such as
O_ CH,
CH2 HO CH3
CF5
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



t ol uenesul foni c acid. Am nopl ast polyner are described in US 7,691, 556 and
US 201010009297, which are incorporated herein by reference. In one

enbodi nenkyolbfy/1s¢a6t i ve conpound conprises 2 or nore hyge@ig20ieMp®
(pol yhydroxy WO 2011/ 151719PCT/1B2011/001229 conpound or polyol), a

conpound containing 2 or nore acid groups (polyacid conpound), or a hybrid
conpound contai ni ng both a hydroxy and an acid group. The am nopl ast
contai ns reactive am nonet hyl eneal koxy noi eties (N CH2-0- al kyl) which
partially react with the conpound conprising at |east one hydroxyl 5 and/or
at | east one carboxylic acid group to forma resin formng the second

pol yner. Adnbtwugin weightofoft kiee grolyraeetyy ebe detechiried fbyr gehgermeatecond
type of polyner sone of these renmain unreacted so that they may self
crosslink ORALALAPIY. Wit h t he graded bl end of the two pol yner types

t hrough the P3 gl cohol bearing repeat units of the rst.type of mer .
Tyt cal ly. t ho T ROPPaStPeSen ldbedreaprh mvebley dioaiyisekal Bpshb

cont ai ni n% G\gﬁawm.drﬂpﬁawl ?BFatélﬁdhaéadW SBEr SRS thé Frst BOIGHTRY ﬁ@er

acetate ( or simlar solvents, and heated with stirring in
presende omednmmrmydam garfacaefthgcogiadifile. ddwestirfacernfdheéing cmiial@ea/er al

o . o ] USROS EREN, odlE it B R STHRerShEE o0,
pol ymer i scusipigetheeehtire ditmt Adegzfore a:oosd:ertttaii@nogradimt fi® Ipresgind gn e itog)
oL LS AR R TR RS o S o g+
2011/ 1517155 rher 8RE 1 BB&EA D heMim M#téiiaﬁnd:{hb Righ&¥tZaméurit of thé%)acond
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 P, 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 P, and P3and/or P, 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



(23) RoRO Ri oHNyN, INHRi NN NHR., (26) Exanples of am nopl asts
are such as those which are cormercially available from Cytec Industries

under t heyphateidelk CYMEL and from Monsanto Chem cal 5 @er/ndenobhe
trademar k RESI MENE. Condensati on products of other am nes and am des can

al so be enpl oyed, for exanple, aldehyde condensates of triazines, diazines,
di azol es, guani di nes, guani mi nes and al kyl - and aryl -substituted
derivatives of such conmpounds, including al kyl- and aryl-substituted
mel am nes. Sone exanpl es of such conpounds are N, N -di nmethyl urea, " 10
benzourea, dicyandi am de, fornmaguanam ne, acetoguanam ne, ammeline, 2-

chl or o- 4, Gmdlieadsi. NA tompositiohaange of & et Byhel2, %- tiagrbenosdd dhentprasentne,

3o Aol 0L pl LA RORLLT DG 2 TR B QidhS ) 3T RO pRYAAgT O e

tris(al kopsarRenuhfensehd pepers. N N, N, N - tetranmet hoxynet hyl urea and
the like. O her possible an noplasts include WO

2011/ 151719PCT/ 1B2011/ 001229 conpounds shown in Figure 6. Additionally,
i ncluding their analogs and derivatives, such as those found in Japanese
Lai d- Oen Trut entireflpplivec spating (CrokWsitioNois preferabho capable sefhformingaal Tilmhs

etherified ] resl o} |.at but e amng

resins (I\l-%aépﬁg@?rﬁlﬁ %%F-go‘&aﬁébu (lt)%;@g% 'ﬁ %drr?gégn#néﬂ)(?detsgseﬁl vrerp%e or

get hyl a}\lgcﬂrifbmgca%it;bogﬁty%@gm’pgsmonf ilerpreiematmlyecaqmblmnf fenfing adflmwbereadi an
at ent : to a _Speci al t em ¢ : [ | am ne.and
resins ar éhﬁcﬁﬁﬂi}aéi%FPQtaﬁépglgg'Pea Wﬁr%ﬁ&%ﬁér g;}l(a%g%%ngﬁaénﬁllﬂgmaencogg ?a
Pl ast opal c{eBé@f)eﬁG), or Maprenal (d ariant GrbH) tradenames may be used.

10

The first polymer useful for this invention is preferably chosen to have 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-

15 65° after the imaging process, that is after exposure and development. The
developer is typically an tetramethylammonium hydroxide or 2.3 weight%
tetramethylammonium hydroxide. to the novel composition minimizes footing
and scumming of features imaged in photoresist coated on the BARC.
Furthermore, the range of n and k at 193 nm for the first polymer should be

20 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
are ranges of optical constants at 193 nm, similar optimal values exist for other

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

25 areactive compound comprising at least one hydroxy group and/or at least one
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

12



10 More specifically, the am noplast may be selected fromthe group
conprising of glycoluris having the Structure 19. Exanples of glucolurils

are tetragglspasmabhyl ) gl ycoluril, may include, e.g., pcT/IB2011/001229
tetra(net hoxymet hyl )glycoluril, tetra(ethoxynmethyl)glycoluril,
tetra(n-propoxynethyl)glycoluril, tetra(i- propoxym ethyl)glycoluri
|,tetra(n-butoxynethyl)glycol uri I,tetra(t- 15 butoxynethyl)glycoluril,
substituted tetra(al koxynmethyl)glycolurils such as 7- nethyl

tetra(nmet hoxynmet hyl)glycoluril, 7-ethyl tetra(methoxymethyl)glycoluril,
7-(i-or n-)propyl tetra(nmethoxynethyl)glycoluril, 7-(i- or sec- or t-)butyl

t et r a( met henogpauridy by glolyob), @ compayud dontainipng 2 or more acid groups (polyacid

t et th t hyl ) gl Laril. 7 &  di I .
(et N LGB ot A oo agry and an acid aroup

20t et r a( meTH®XamiBbpids) Wontahs! rebetived -amhitbmetingenaaitoxybrioities (N-CHx-O-

E :: ;:E x: Eﬂ?é}}ljmt 4 i]l g)g}t{aﬁg:rééét:wmgﬂgg%:gélﬁq%h _c-om%risri]ﬁg? gtr ?éjgélt one hydroxyl

Tet r a( et %&fehhyéaswlafreobwbbg{uics a%’ﬁ?klwlﬁa WG f3fh foAfsgRAE JeWRERLI NK

from Cytec |Industries (e.g., | 74) . Qther exanples include

met hyl pr opRalyreer. aftin sarne f thesaginaneethylene raaet in forming the second type

met hyl phenyl t gt I i Fi i

pec, 1o A ppnBTEORE UL rellalf reacten SRS o el s @ BRRST B oy m
et hyl gl ycasrosslink with theegraaledntdenad af itloe b pohaneretypeasl throlghghe Raradcohol

enbodi nent, of. t he second conpound.to nmake the polyner be a | yhydr ox
Conpound CIFGEEH SR it O B NS UPETngoel SYPGlY. (be) Smigpiast 4¥ "
cyanuMioc aehetedagitty id MfdrokAi8and/oMEtidbhtdinthglédntgduridlinld S8RNERRSudas
structure (27) R13 is a spacer group such as _an (Cil-Cl2)al kyl ene, where

al kyl ene rRIgPYENESMER| mqr@mqipyéhei Regtatg (HEMEA) on -simdar (solxeptssand

nmet hyl ene, I . n a 12} or 0] | e 5-012),
P A L o L S e e R e S i b
phenyl ), dolughksllfdhic wsit farusesatralr foursCoTBROPolymeac lis dypicaily- ©dByeregnby

al kyl aryl der.iyative, (C5:C20 such. = CH2 Ph n inear. or Qrapched

al kgl hy)(;r cB(rﬁ?'p %b%lneéw@ﬁera@qmrc{h_eﬁ J hFh%“@%’B%SFEOg?éPQS’F}? Z&f’qé???ﬁ?&t ures
ogtl i n6d ke 3¢dnd typecstepdiyriienis sefediedBriotn tHeegiolip Conxiating of the @lldwikg7) O
(28) 0 having either structures 19-26, where each R4 is CH, —O—(CH3)n—CHj3, each

R11 and R4z are independently hydrogen or C4-C4g alkyl, and m is O to 3.

13



For the cyanuric acid derivative (28) R15 R16 and Rl7 are independently a
C2- 05 al kyl ene spacer. R15, R16 and R17 nmay all be ethyl ene spacers
(‘CHZ‘CH%gbzon/ 1§§cond pol yner contains an am nopl ast QEQHgﬂnﬁ%&Eﬁiure 29
shows a 15 general structure for a repeat unit of the secon

pol ynmer which shows a Z noiety derived froma pol yol conpound Ilnked to at
| east two am nonet hyl eneoxy noieties (NNCH2-0-). Y represents the am no

noi ety within the am noplast group. The squiggly line represents on Y

ei ther an additional am nonethyl eneoxy |inkage between Z and Y, or

i ndi cates possi bly unreacted am nonet hyl eneal koxy 20 or

am nonet hyl eneal koxyhydr oxy groups. Unreacted am nonet hyl enehydr oxy may not

be present on I&,Iol repeat units but at |east s@nme are present in a typical
pol ymer chai n t ONi n3Ur é° crossl i nki ng of the,pol rRRI end. Structure
30 shows a nor [q C Zj ucture for the segond)pol ymer where the

am nopl ast corrpo ent d ved froma glycol ul- cqpgyound where Z 25is a

unit derived fF nkyl polyol (27) with R131as an al kyl substituent or

an aromatic po Volowlth R14 as an aryl substitu€ft or (28) a cyanuric acid

derivative WD 2011/151719PCT/1B2011/001229 or a m xture thereof. Structure
(30) shows t heRpr esence ARhrough squiggly | kg n the glycoluril noiety

lines of eithg Wu\ﬁﬁ'éagﬂ\éd am nomet hyl eneal Hemet hyl eneal koxyhydr oxy-.
groups or addi t% opal Rwal kyl net hyl ene I|nk ge to a polyol. Z may contain
addi tional |i nkag ‘ﬁft ot he)r noei tes. (29) (38 Ar('b‘ﬁ:xarrpl eis (31) 10

RB \RB

RioHN A ARG RwN)‘\wa
N\(N (L
(21) (25)

/N\

R10 R1O

Rio
R,DHNW/NYN\ RyoHN-__ HR,q
| Ryo |
N\I/N N

(22)
Neg NHR,, (26)

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. Some examples of such compounds are N,N'-dimethyl urea,
10 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



0.0 -MAM13L-C HANNCH2 )( (31) The second pol yner can conprise 30-80%
am nopl ast unit and 70-20% 15 pol yol / pol yacid unit. The wei ght average

nmol ecul ar b of the polymer is about 1,000-100

3, 000- 20‘%9% ﬂ$he antireflective properties at 193 nnltﬁgqagﬁgg@@?E;
acceptable n and k for the second type of polyner is as follows: n of about
1.6-2.0, and k of about 0.1-0.6. Mre 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
from20 the first type of polyner the contact angle of the second pol yner
with water is between 35 and 65, or in the range of about 40 to about 60.
The novel (&nﬁ;bdslﬂfdse@hbm GnaFIgmgecean&dcﬁt'mgalllyhemtiudatg nbélyrmnalagsl ahe
second pol furt r co S t her mal aci era T The TAG
V0 2011/ T mebRs| ITh B0 BEE90 I bhAbaReTEa LA DRERO EBler ARIADR: n ¢ he
conposi ti qokaf)NJ. hﬁQ@@ﬁ:s@% todBREAS W 455 Bthelrified fﬁi‘mﬁb%@ﬂ% for\sahpe may
be any one or nore that upon heatlng generates an acid ch can react with

the pol ynememytatm op fyhiatedrrosiaming |rﬁ§]n%KNt'ﬁéﬂTSESVf}?‘ﬁﬂWl'p‘?re@é%WOWEthhE’

i nventi r

aci d. ef er%ﬁ:h?%%cﬁ%&ﬁf&g@ﬂ tggﬁg?ﬂg@ %@@@f&%ﬁ@ sz%/ger{ C and
nor e pref epabd yn ﬂambmrePa@ﬁCNmridZM6n7rtor©|bpr$;imait;4 Qhamlcwtmvé/améos.

Ex I f id t fr d
odoni um JaplENNE Apd Wed s pr Gprarral araliabt dPoRbRrURR (e

di aryl aky| cnéhpral o&)s Pdsiopdl (BINSAG)06r Maprére {Cldrane Gralbk) tradenames

al kyl aryl i odoni um 10 diaryliodoniumsalts of strong non-nucleophilic

aci ds; andnaykRsiisgsh al kyl ammoni um di al kyl ammoni um tri al kyl ammoni um
tetraal kyl ammoni um salts of stro sg non nucl eophilic acids. Al so, covalent
t her md0 adViereyepraifigaliy sther aminoplast ey ke &elested fiorm thexgrup; $BPH%IRG Phst ance

2-ni t 1 obenlgylo Gl haypl ey sRlciy! s f oni C ERGhilfandr OUREFR etse Of

sul fonic rmally conpose to 15 qi ree s onl c acl ds.
Exanpl es aeﬁra(ﬁllmxymerbld)d)glmlmdr frhayrinclldg, eud.f detra@ssthoxymethyl)glycoluril,

bi o( 11 uor JARTELRAVIAEINIE. oi arFore oRSROSBE COPPREPRLE Y1 sul8fy1 )i m
e, diaryl Ip}dpmwﬁmﬁm)gw@dlemary anmusird(i-petokyrethydglyebrml,f onat e. tebaftapl es
of 15  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
20 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
25 glycoluril, and methylphenyltetramethoxymethyl glycoluril.  Figure 6 gives
examples of specific aminoplast materials. Example of the glycourils is

tetramethoxymethyliglycouril

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

30 from a group consisting of a polyol (27) and/or a cyanuric acid derivatives (28).
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| abil e esters: 2-nitrobenzyl tosylate, 2,4-dinitrobenzyl tosylate,
2,6-dinitrobenzyl 20 tosylate, 4-nitrobenzyl tosylate; benzenesul fonates
such as Zybnbviler9met hyl-6- nitrobenzyl 4-chl orobenzenggyhbAgh@a2e
2-trifluoronethyl-6-nitrobenzyl 4-nitro benzenesul fonate; phenolic

sul fonate esters such as phenyl, 4- nethoxybenzenesul fonate; quaternary
ammoni um tri s(fl uoroal kyl sul fonyl ) met hi de, and quat enmaryal kyl anmmoni um

bi s(fl uoroal kyl sul fonyl )i m de, al kyl anmonium salts 25 of organic acids,
such as triethylammoniumsalt of 10-canphorsulfonic acid. A variety of
aromati c (ant hracene, naphthal ene or benzene derivatives) sulfonic acid

am ne sal tia stanctoe ¢27) Rieds as spheerTaup sochdan@nt (Bs€11)alkyleosevhiane U. S.
Pat . 74, 054, 200 4. 251, 665 and 5 9. ,Preferably the TAG
Wi have K08 TanogPEmiEy Bt Btisse A (Grbid ddush6S BE-dar o) oo
of 30 TAGsetAyientflos@anehkd léﬁengCJ; ml»sirrdyeﬁ)amw&fe (Goony RyfdisEedtades.
Such WD 2011/ 151719PCT/1B2011/ 001229 TAG s_are Nacure 5225, and CDX-2168E,
which is dremdadreaemand Cain orlylagn Pl GeCerll (SUsh 35 Phany). 1% aé'@%

Conn. | Glasp IR FhE (CER) BT Tl O S USRS (RO S
the triet r(gmdnrmm(lhia%alancba ltheae oy theanchad faihylby@oxxd grevhdsudvas HO-
of B secondtry B beLPuerrortsioBror Rl MR i ) @PIBMEB biEREEA: < *Can

be used |nnbh£mﬁﬁﬂnﬂauhhﬂ@ of the present invention. Any suitable
crosslinking agents that can crosslink the polyner in the presence of an
acid may be used. Exanples, without limtation, of such crosslinking agents
are resins 10 contai ni ng nelanlneQH methyl ol s, glycoluril, polyneric

gl ycolurils, benzoguanam ne, urea, ﬁhydroxy al kyl am des, epoxy and epoxy
am ne resins, blocked isocyanat®s, nandodi vi nyl nononers. Mononeric
mel am nes |i ke hexamet hoxynet hyl Jnel dm ne; glycolurils |ike

t et raki s(nmet go Thyl ) gl ycol uri N d aromatic nmethylols, like 2,6

bi shydr oxymetliyll p- cresol ~mayotes uded. REpoxy 15 based crosslinkers may al so
be used. The @FH co(@mnent s of tﬁb ant|$€faﬁmtion coating conposition are
m xed with a solvent or m xtures of solvents that dissolve the solid

conponents_of the antireflective ¢ Sui t abl e so] vents or t
ant i r ef | ediqre e¥anyrirgacd es¥ ?‘EY%W%%M 6 130d 17166?' ﬁﬁﬁ%m%a&lﬁgbl et her

derivativ hyl | & bathvi&he ers (-aHLomML8ne gl ycol
nononet hylea Wﬁ% §I?EIJ‘D%{/E) R1 %{sﬁlﬁeng n?a&:gif noniz))?ret hﬁﬁé&et her, 2g‘f;etgﬁyl ene

gl gfg;)yrvggﬁte MthePde n’dh&? gﬁ@%@ﬂgo dY%ﬁ{lngﬁlgﬁtgﬂ%hp.eg{?'ﬁéturé’ﬁg%%ea gl ycol
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-CH»2-O-). Y represents the amino moiety within the aminoplast group.
The squiggly line represents on Y either an additional aminomethyleneoxy
linkage between Z and Y, or indicates possibly unreacted aminomethylenealkoxy
20 or aminomethylenealkoxyhydfoxy 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 Ry3 as an alkyl substituent or an

aromatic polyol with R4 as an aryl substituent or (28) a cyanuric acid derivative
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gl ycol ether ester derivative such as ethyl cellosolve acetate, nethyl
cel l osol ve acetate, or propylene glycol nononethyl ether acetate (PGQVEA);
car boxyl ay®20821ss46h as et hyl acetate, n-butyl acetate apgrasMloasset ate;
car boxyl ates of di-basic acids such as diethyl oxylate and di et hyl nal onat e;
di car boxyl ates of glycols such as ethylene glycol diacetate and propyl ene
gl ycol diacetate; and hydroxy carboxyl ates such as nethyl |actate, ethyl

| actate, ethyl glycolate, and ethyl-3- hydroxy propionate; a ketone ester
such as nethyl pyruvate or ethyl pyruvate; an 30 al koxycarboxylic acid
ester such as nethyl 3-nethoxypropionate, ethyl 3- WO

2011/ 15171&P€Tﬁ|b(ﬁ%26 1hé@ol 2 &ruetlhex@p) sphowsdhe pe&ﬂqﬂcé-thmhgfnxqui@glyﬂhhyl

propi onate, O roplonat a ketone d vative nethyl
ethyl ket off2, th§c r?%j/:ro(?‘éf? Yy IpE? o8k n‘?'g}%né’"r‘a‘f% h%'?g‘r?gh‘%H@?n%a K&t anone:
a ketone eéﬂﬁﬁfon@ahyléﬁéalk@xﬁ%%mgr@uag@r@aa.ti@hapémindmytmétmtdmernnkagket one
al cohol derivative 5 such as acetol or diacetone alcaohol; a ketal or acetal
li ke 1,3 diooapiak %H@Ycﬁ%ﬂﬁtﬂ)@@ﬂft@@&h@k%&éﬁ%ﬁ&eré'@%teés but yrol act one and
gama %flerolactone ; an am de derivative such as di net hyl acet am de or

di met hyl f orma ani sol e, and m xtures thereof. The conposition of the
formul ati on co |sts of _a 1-10 wt % solutionoin a 10 spin casting sol vent

(such as P %_P@ZEA/ PGVE 70/ %\&c)@/cﬁgﬁ?ch the essential solid
conponent s conpri ses pollynmer or m xture of\ ymers of the first polymer in
the range of Igto 50 wt% or nore specifical 2-20 wt% of the solid
conponents; a second polyner in the r ng&{'&ﬁ%@«gg wt % wiit h 80-98 wt % of
the solid conpgdnents being preferred; [and aolAG conponefif consisting 15 of
0.5-5 wt % of tghe solid conponents. O her conponents may be added such as
phot oaci d gener at (8%, other crosslinkers suchH38s nononeric am nopl asts and

epoxy crosslinkers and finally fluorosurfactants can be added as | eveling

agent. An example is (31)

o
’Om
«wo\CH2 /cuz
o w/q CHy
\c—CHz

10

(31)

The second polymer can comprise 30-80% aminoplast unit and 70-20%

15  polyol/polyacid unit. The weight average molecular weight (Mw) 6f 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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Since the antireflective filmis coated on top of the substrate and is al so
subjected to dry etching, it is envisioned that the filmis of sufficiently
| ow et alwadQoi1@iz1118vel and of sufficient purity that thecprRRibie® of the
sem conductor device are not adversely affected. Treatnents such as passing
a solution of the polynmer through an ion exchange colum, filtration, and
extraction processes can be used to reduce the concentration of netal ions
and to reduce particles. The antireflective coating of the present

i nvention hydrophobicity is 25 inportant in two respects first in the
conventional sense it is inportant that the top |layer of the graded BARC be
hydr ophobi conapdresnt f caitalysgs acressiinkihd ivithin sthehcorpbsitibe. Mher themolal cadig

mat ches that of the photgresi st étlnnﬁpated over the antirefl

.
Coat i ng, SPTERAOr A1Segal Me Rre3eny JREETIAN: B BS Ay BBE ATmgre ibRlelBen i n

this i nverﬁéé‘fmgh Shaahabibai Sdid AvhieACEar REhoti iRl theOpyfRier CAHID pRepHgate t he
WO 2011/ 151719PC1/1B2011/ 001229 m xture is also inporfant with regards to
ascert ai niergss$limkingepf thenpolymer porsseat i i dventienwparticlagy ereteFgdaised f r om
each ot:her r ot fi r t o dH to
The t o of RS PAAAR, AR sllip' b, biTroB MAEInERTBICAR ool o5

have a basstivatedl dahbover 802G HNe more pyefemmbiy atirabovb at208Cd and| eveer moed s t he
surface once the resist film.in_exposed areas above are devel oped t hrough.

Thi s i ni rargtesally ahabeye @ Coderamaples of dagrmal @sid gpreratoss 5o nelal-iree
e o SulBnlty sl SR BRA Gdony B ARE euchad WRrASLIIRGmE AERGREDSITéTu,

i nportant because It predi cates how we ymers m a gr aded
fi |l m proviatichdiapaleseulfoafune stits of stoeritg non-nutleophiidedidspt atkylarygiodpsiun,es.

The 1Q . hydr.ophobicity of the t ol ymer ¢ ents .filmcan ured by
the at'@r, &na&ﬁaﬁqum{oﬁlgcto%nvf%rpq /R A e%ﬁﬂ'cfi ?’r?s’mh%r}ag ?ﬁﬁ"%ﬁﬁ'ﬁact
angl e is tdirylamedcnidiral drRtifamamomiupp, Bialkyiirimodiunh hietizakethnambhived lselts i ve
coating film Typically the phaqtoresist filmused Ln dnmersion |i tr}%ﬂraphy
has a wat €f StoRBAON pyieerhilic agids: Alsy, conalert hesmahacidgeneralgisialealshgl e of

the antir eért@fays\aeagoaéém afddhweglsfdgnirété&esiznii.i{r_abeﬁ%mg@st@és_ [%*PoélkyIGQP' 850

or nore pre 'y 70-80 as detailed previously in the detailed description
of the fi rarylsponicacidsansbolber eslers af swfanis agidavhich thergrally decempede taur f ace
of the.craoss- Iink BA e . i St ] Jgﬁg@gl

devel gS’ed 9 5’&?%5‘3@ @éR%aCH?a:’Es(r?e %%&H%Sdégaﬁ%%ﬁﬁﬁeb%@g oper é@ﬁ? %agt angl e
of the antdiagfibésiiime coat i ngis{fluoroakyislilfbriydmethide, t han t hdiacgiodaniun?0
angle in water, s h t he eelopr)g.a ood tting capahil i on the
antirefl e&'?<§€°'&9@ﬁiy§§@£°§¥fsl'f1§ﬂ“é‘¥eand ‘ﬁ%ﬁ' @%@%d‘ﬁ'@é‘@@%‘? ?UW%PPFH ence
bet ween t hfagRedcfitimaee! uateman SimMoAiLAEIRtbakgisulforidle ExB@Pleaf of - 15.
The antirefl éctive coating remalns on the substrate after devel opnent. The

n and k vdabilesestars: be2-pilobgnayl dasyiateng.adinidrohenzyhiosylate, &G dinjgobenzyh 25
A. Wahl a E 1RGO |Jdes. _rOTUM
rangegbf OII:H) g@% 4#%@%(3@%%5%3@%%, E)B:?tn t'2 ﬁgege;&%ggﬁé}ggme e%ét “ﬁ@@ﬁmg t he
type of apytrolerizybn 4-dfoiebennepeasiulfohaten @nidiflikorcahetbyl-Sndrabengilat 4initra he

T;Lrenrf](c) Ir | %K{z%ﬁg]%ﬁlg%apegvelphggol cOSiédl%rﬁa?e goé?sqerfsi t SRR Ot%tsai Q)%%nylor 3 dual
methoxybenzenesulfonate; quaternary ammonium tris(fluoroalkylsulfonyl)methide,
and quaternaryalkyl ammonium bis(fluoroalkylsulfonyl)imide, alkyl ammonium salts
25 of organic acids, such as triethylammonium salt of 10-camphorsulfonic acid. A
variety of aromatic (anthracene, naphthalene or benzene derivatives) sulfonic
acid amine salts can be employed as the TAG, including those disclosed in U.S.
Pat. Nos. 3,474,054, 4,200,729, 4,251,665 and 5,187,019. Preferably the TAG
will have a very low volatility at temperatures between 170-220°C. Examples of

30 TAGs are those sold by King Industries under Nacure and CDX names. Such
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uniformy mxed internediate |layer. Thus the surface of the filmhad the n
and k 30 val ues approximating that of the first polyner, the bottom of the
filmhad Wwbeoiy/15Y¥0 2011/ 151719PCT/ 1B2011/ 001229 and k vak48g2@ppsi9x mati ng
that of the second |layer and there was a uniformy mxed |ayer forned in
bet ween the surface and the bottom portions of the film The
antireflective coating conposition is coated on the substrate using

techni ques well known to those skilled in the art, such as dipping, spin
coating or 5 spraying. The fil mthickness of the antireflective coating
ranges from about 15 nmto about 400 nm The coating is further heated on a
hot pl ate PAGGOANCRbBtGR 5%23) drif GEDXW 168E, avtiich engtdodekylbeneei® suforive any
resi dual solvent and induce crosslinking, .and thus iB%BLubilizngg t he

ant i r ef | ec?¢id@miBasAl uPBligH al2eB0in BEYVIIN MEoRMenR Bl CPhBISHM ST AR i ve
coating a“@inpgﬁ?&ﬁb{&, NGk, CGHE D859 VESA ééd%ﬁgi&%ﬂneéléwﬁdm@%emf

t
t enperat ure rom about 150C to about 280 present antiretlective
coat i ng meip thie inventied i the triethdammepim salt o dedecybenzesylfanic acidi ve
coating(s). A filmof photoresist is coated on top of the uppernost
antirefd ecti ve Teanhovel campdsitiomdcaroprisihg thentwa pblymessronay fuibephompriegi st

ol ean t he BRGERN YRoeieRRLcesttlieh 7 eyl efhBhal ABs R e *©

The subst r@dre peoVsedWMin cthet Bompokitibaf bEaheVvpreseat i ingentiore f Anyeduitable be any
of those typically used in the sem conductor ind%@}t}é%ﬁﬁsmt bl e substrates

i ncl ude, vEPRYINKING agants that capsresslink g PPYMES IR Pes PLAR acidiPAY o

silicon 20,syRelr ot garhpRSE Yithobid jimithBoR! ofs BiderosshRBAG a e sédihson
waf er, copper, alum num polyneric resins, silicon dioxide, netals, doped

silicd dieontaisingsi | metamimiesr i danethyatsal urglygedinlsi | Pebymericer aglygslurils,

al um nuni cQ ro.n res. gall | n

conpounds?b#% gg%és(r%%aet' Z’"ﬁ%’yh%%r% ?déggr@/aﬁ%ng%&)};s F‘? géj)(edr}!%n'ﬁg‘g #érs !)r{r%’t he
mat eri al s tslesied lisobyaipates, abPhdivinyesmenemess beMengmefict helamipes liked i n

t he sem conductor industry, provided th ot oact.i ve conmpound.in the.

phot or esi STEXAMFHPPY V{ éﬁ‘%EH%@?Y&BLLH’?%SP%dﬁ%?'ﬂﬁ@‘?%tﬁ?%yf%@éﬂ)@}ya?‘“E"he
exposur e Wayeh@mdte meafidior ke 6l HiBgidRekyPhath PISs-crdddp hiiyelse abed.uspbny for

i nmersion |ithography are preferred. Typically, photoresists suitable for

i magi A§ wi hasedmresdinkers makslpopmysehy be used, where WO

2011/ 151719PCT/ 1 B2011/ 001229 such photoresi sts have a refractive i ndex

hi gher than 1. SEheaselidacempanentsyad r’igfblfmbf&ﬂeﬁm GeatiRg epmpesitiae aramyked i n t he

range of 7gQq goﬁY;'ent or mixtl];gﬁg)?tsg)iveﬁbeﬂ%t Q‘fé{sg?\ge:’g{neﬁ%olm&ﬁg Efls Yrlih@Vvi ol et

(uv) exposure technologies t ave provi I cant vancenent in
m ni at ur i zatireffiectisadoating. Suitable solvents for the antireflective coating composition

may include, for example, a glycol ether derivative such as ethyl cellosolve,
20 methyl cellosolve, propylene glycol monomethyl ether (PGME), diethylene glycol
monomethyl ether, 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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5 these radiation of 248 nm 193 nm 157 and 13.5 nm Photoresists for 248
nm have typically been based on substituted pol yhydroxystyrene and its
copol ynengpopiwitysal ts, such as those described in US 4pé9igadfoansh US
5,350, 660. On the other hand, photoresists for exposure at 193 nmrequire
non-aromati c polynmers since aromatics are opaque at this wavel ength. US
5,843,624 10 and US 6, 866, 984 di scl ose photoresists useful for 193 nm
exposure. Cenerally, polyners containing alicyclic hydrocarbons are used
for photoresists for exposure bel ow 200 nm Alicyclic hydrocarbons are
incorporated into the polynmer for many reasons, primarily since they have
rel ati vel yethogypropivhate,t o hydeihgkn r at | 2hyditxyR-methydprepenale,r esi st @ance,

t hey al so e trans arenc wavel engt h have

orat v yPE et ORPaRE! kstong et S e Tt M oS et

pol ymers fadettiiOt @uEIopehtahbAé, ayelobekanowsl &y J-heptahsAéca Kabeeeiheat i on
of nml eic anhydrl de and unsat ur at edgél)c/cl i ¢ mononers. Any of the kngwn types

of 193nm phstvgtiveissch afgiasatanecalcobelcmethyl iathen ajkelopeirlaohal desivetivaz 9go
and USg6 7%%114%@ el dGIAERABhA! SdoR&" & RefdY o éf eéd%&éﬂﬁ& 1%06f&x%rar{\)eh§n&oat' ng
process, otoresi st I's I mgew se’ expose e exposure nay done

usi ng typlchalhogx;propane, laqi;mpmamch aphutysalactene ghdtganevastalérslactane dawvel oped

i n an aqueous, devel r eppVv e.lreated poh esist. T % per is
pr et or abl yAReRBEIEE Sk e UME IRt ER: 6 B Behle, fiadE. e

t et r amet hympdiresitherebf dr oxi de (TMAH). Mostly, 2.3 wei ght% 25 TMAH in water
is used. The devel oper may further conprise surfactant(s). An optional

heating step Carhéoeoﬂnbﬁgih@ﬁroﬁlttﬁd fofthdlatib® doneisessf Ar1-00 wid deutioppineat and
after exposure process _of coating and | lg/ %ﬂwghot gresists is

vel | KRRowShin castiRg S§|MGI"F daushn as REMEARGNIE, oBEMEAESYE 79/HA &Ebeftic
type of phokiep &% é%%éiﬁ%r solyg%mga %%o%%éégpgw%?%m.%i@@pmm&é hed

substrate can then y an etching gas or m xture 0Of gases,
in a sui taﬁltbeéwsirpcdymabertheaangamié toh%0 evtfposethope spedfiealtyf 2-2Rewt% of

antlrefle ive, film |t t t th the
remai ni ng faﬁoiPB?é’Skat% e %Bégorgoaggl&ﬁﬁa(? ﬁi@k{ygﬁgfﬁsédé %&‘ﬁ%gbvggs%gsg%re
kﬂovvn i N WA, aF thé sbiid cemnpbhartts Weliag peefantdy afd ecTAGa:omqmnemgs:onsusgmg ?s )

t hose conpri sing , 4, CHF3, Cl2, HBr, 502, CO , et of the
docundrt s & é}\@ﬁr‘@glztoé(@oﬁﬂ’)g %‘?’Ep?’l‘l‘c’,’?}?p&'}ﬁr &Pt rlS’ﬁ‘yrb«?f %‘?‘é‘??c%*”‘f a%ts
entirety, difiodtid JUHePRSAS- otﬂ_é}ecifdélsh%rﬁ%&:ﬁeéé frhénchien® lapsindpibbtsPamy i de
detailed illustrations of the nethods of producing and utilizing 10

conposi ti cﬁwxafcrwswnbﬁarémﬁnaﬂvélnpm#rfarn%%%cmaﬁﬁldégd asdevrlingiageshded,
however, to limt or restrict the scope of the invention in any way and
shoul d not be dines m&adntﬂ@ﬂﬁﬁm timis ceaiedtorvinp obthensrhsdrate @ndwmaj& whi ch

e o e bl B B SlohfaY it 8. (ﬁs%?écft t3fié i 'fﬁﬁa%%?sﬂ R | ;,wvrﬁ j on.

EXAMPLES ractrve in sor ues of
t he a@0i r ébh d¢erdl \vadoafadufficientnpurity thatatinel mpb&iesvmfwbeeselmamdmxlbrod\e\ace] A
Wool | am VASE32 el nmol ecul ar wei ht of

pol yners \ﬂé@ ﬂ%taEGY%gg@Heﬁg‘&P PdIrRRATS R %%%Cﬁ?o‘ﬁ%ﬁsw &ir° Ritionof tﬂ§ atic

contact aryy W@ndﬂ@h@ﬁbé%@tm Uitratibny 6Ad 2xB8fior Motesséoedract
Angl e Syste from ST Products, Inc (9 Linnell Crcle, Billerica, MA

01821) usibeusashiossayceiiessoncesiratian of metaldonsiand toraskicaParisdes: G bbst own,
NJ 08027) or AZSSJ ) 300M F Devel oper gaval | abl e from AZO El ectronic
Material s 25 U3kecantireflegtive \egatingr opvibie, pseaaat vinvertionhyssepdmpicitieds s wer e

carri 89 OWhnpbafd SRic KibeERCARE A IR BBRVentidhal ben&PRi@ ThoBREhEINAP iR

reporfed as average va |ve nmeasur enent
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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WO 2011/ 151719PCT/ 1 B2011/ 001229 Synt hesi s Exanpl e 1: Synt hesi s of
pol y( hexaf | uor oi sopropanol nethacryl ate-co- mal ei m de-co- hydr oxyproryl

met hacr yl\@hsodhosgsd of 1 sopropyl hexafl uoroi sopropanol
( MA- BTHB-‘%E)!), ?87 of maleimde, 8.7 g of hydroxyprory?%trn acry%ate wer e

mxed with in 120 g of 5 tetrahydrofuran (THF) solvent. The pol yneri zation
reaction took place in the presence of 0.7 g of AIBN at 75 C under nitrogen
for 20 h. After cooling down to roomtenperature, the reaction m xture was
precipitated in deionized (D) water. The white polynmer solid was washed
and dried in vacuo at 45 Cyielding 29.5 g (90% wth an average MWV of

19, 000. 1%&&«%*}@%@ Eﬁﬁm&rﬁ VAtROYEY R8s tS a8Eemahingheraivelotei meppslpaes!

met hacryl at e- co- mal ei m de- co- hydr oxypropyl methacryl ate-co-styrene_20.0 g
of | sopr opsampenents wdl phasspeepriats friasy ﬁ%ﬁf’r gihgr andnia reaiesuys thal the firsh

mal ei m de, O t t re
m xed 15 v&tﬁwﬂepcg@BBm tf%%%yﬁov{gﬁtt%'lﬁythé fﬁmawﬂe'z%aglvg“%ﬁeeg%#{)@%l%\ﬁk
pl ace in tdweing emam:matmb But7havenfa baﬁ\loatall?aﬂl (Onuzallm moietyoternsure hat h.

Af ter ool'n down t.o oom enper at eaction mxture

preci pi ‘?Peblwg\ﬁt l‘\'&@%f‘f’%%b&@?ﬁ? f{yBI g SRS gﬁe&? \é\ﬁ%\'edlafeed in
vacuo at %@ldﬁeﬂltﬁrdl@hﬁhu?s HirliA8s s&utrhma? andgoamsy Miesist 2840fs. 20so,
Synt hesi s Exanpl e 3: Synthesi s of pol y(hexaf!| uoroi sopropanol

net hacr yl dhe- gbferengeeiing fydresb WSH%XWWGB?I theo ttWRc IR COMPOREBISe 190. 0 g
of Isopr qué)ogt%ﬁ?g)%yﬂgl%r i é&@ﬁfé@l h&R IWErine até pﬁ!?%&g%rm gréddel finPf

mal ei m de yproryl rret hacryl ate an of Styrene were
m xed providing an antireflective coating with graded optical propertles The

10  hydrophobicity of the two polymer components film can be measured by the
water contact angle (CAwater) Of the film, where the contact angle is the angle
formed by a drop of water on the baked antireflective 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° -156°. 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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25 with in 120 g of PGVE sol vent. The pol ynerization reaction took place in
the presence of 3.0 g of AIBN at 85 C under nitrogen for 4 h. After cooling

down to rognhGEpabature, the reaction mxture was precippichbdtodi?

I
wat er. The SO*I was collected, dried and redissolved in acetone. 2Igﬁe
solution was precipitated in W 2011/ 151719PCT/1B2011/001229 DI water. The
solid product was washed and dried in vacuo at 45C yielding a polynmer with
an average MW of 8000. Synt hesis Exanple 4: Synthesis of a copol yner of
an am nopl ast and a 5 polyol 600 grans of tetranethoxynethyl glycoluril, 96
grans of styrene glycol and 1200 grans of PQGVEA were charged into a 2L
j acId<et ed faIraﬁk vwdehdapﬂrhﬁmaﬁrrgt #iat aftcdaecord |ster randrtharedwas eoudiforatier
condenser an eat to,85C.. After a catalyti.c unt of
o et of udnBSg Gt femed {h HRIMER) S u R ot e BORSE Pofions.afthe fimias
mai ntai ned at this tenperature for 5 hrs, The reacéi on sol ution was t

: [ . I hen
cool ed to room tenpelingflgetive; faating campgsitipR IS ¢93ted Qn {hes SUbHG WG ed

into di stitbhtdqued el WAbWvA t8ithédd SNPinhRCARIsuRh st dIBpiRg! ¥piRcoatihgopo! yrer
was filtered, washed thoroughly with water and dried in a vacuum oven (250

granms \Wer espodyiag.nadie filrhghigknepseof tbetantinelleaing coaling ganges payabestl trul ar
wei ght of g/~qnl i ' . l on
Exanpl e 1@'&?(3%8&%%%@6;@?\]‘ rTg}r%I gf/én@ﬁgg ?@Jt%%aﬁrf%%e& Ehz\?afs?&dl% gts%o?ﬂ\jccégd{\r/:é h% g of
PGVEA/ PGr\]/E)véa/ﬁﬁ e:sshfiﬁeieht Ileh_glmgné t'mn% .ttg rmn%/e]?inyt ;r)eﬂitiua(lj).sgl\@nlbfand induce

t et r anet hox t N oluril, . of .10% 0 odec enzen

Sul fon ¢ ki, oGttt daraublitg e penirclerte (etadadd Pent

pol ymer  sGhighinfding Bétvednthe aptinefectiie Bodtind &h@thd layeu@baicoated abbivkiter with
a pore size of 0.2 um The solution was then spun coated on a silicon wafer

for 400sectedprefamed cangeaf iemaerajiye is Heam mbous d 58rC dorriouy | 280eC+ othg

m nut e at b i td 5 I

spect roscolﬁlgg&etl -Frﬁlg'seg%%tlvg: %%ﬁ@ oﬁétsy (r:nls)(?edé re¥ I e(?t%i (\)/@@fnlég%d'pﬁna trslgié nm
was 1. 60 amireflectindsoatiig(sh paranmeter "lc" was 0.15. Fornul ati on Exanple 2:

A fiilm 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 1ll/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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1.0 g polymer from Synthesis Exanple 2 was dissolved in 30 g of PGQVEA/ PGVE
70/ 30 solvent to make a 3.3 w% solution. 0.15 g of tetramethoxynethyl

gl ycol uriwoapfi/B1499 of 10% of dodecyl benzene sul foni c agirAgigii/eiihyw am ne
salt in PGQVEA/ PGVE 70/ 30 was added in the polyner solution. 5 The m xture

then was filtered through a mcro filter with a pore size of 0.2 um The
sol ution was then spun coated on a silicon wafer for 40 seconds. The coated
waf er was then heated on a hot plate for 1 mnute at 200C. The
anti-reflective coating was anal yzed on a spectroscopic ellipsoneter. The
optim zed reflective index "n" at 193 nmwas 1.63 and the absorption

par anmet er Such whstol@ﬂst‘s?haﬁeraufeﬂdome Bnalﬁpl blgaer lthang 184l yamdr afsoorare

Synt heti c EX | e 3, was di soIv 0. g, of 0/ 30 solvent to
nmake a 3. @Xfﬁ"@ "EJP?HHQ"Y?;GJSC‘Q" B¢t q’@?‘? WH@Q? i%gq\/g?%col uril 15 and 0.1
g of 10% of do_lecyl benzene sulfonic acid triethylamne Salé@( PGVEA/ PGVE
70730 was added @ rofiRe. [ErGmare sEP\RTFormalRhe dePR: UERaleh (i PrROSHFeq

through a t@bﬁﬁ&oélbéttﬁét Mave a)vmoes.ghﬁ@aﬁif afvahcéMent e nﬁiﬁiﬁﬁﬁz@ﬂoﬂﬁénd hen
spun coated on a silicon vva seconds. The coated wafer was then

heat ed Son thespragiatiore of 848 N 13 emat1570am! 13Henamt Pheleresistsifoe24daMm ng was

20, anal yzethon Goiffigt kASAORSR! | APSABLALted! SolgidPhidittehg! i | g 1 ndex

n" at 19 e absorption para
For mul at i csoplekamersfonium 1sdltsy safchpak yitese f desoribedt ime £65 4551(%@2& ahd/va.S

di ssol ved | 5P P 70/ 30 t

Sorot on 5350868 Uny i oa5 hang: meioEREtS frrrmosti. A3 P iedule e a ¢

i n PGVEA/ P&Nﬁaﬁe/paglrﬁa@ safbéeélrohfat*cb%r@@bw@é ab@lislivaodlendtie USS84F62Hen was
filtered throu filt a pore size of 0.2 um The solutlon

was t Hén %Ugo%%@g@ﬂ dis @wq EB‘htomiiﬁ urssfulzt@r 123 pryexposyee.c Sonsrallyaf er
was t henwggﬁ\}rﬁgrsorboﬁtﬁﬂhgpla%ﬁhfcor e/ardEaRB’cfrf'sl re3Qséd0%or ?ﬁﬂ“ot(ﬂ'@%l%tsr e@} ective

coating anal yzed on spectroscopl psonet er. optim ze

refl ecti veexpodere 'befovat20d3immm Wlisydic8bydiedattonsaberipcarparated dnter dhe " k"

was 0. 34. S . .

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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Forrmul ati on Exanple 5: 5 0.1g polynmer from Synthesis Exanple 1 and 0.9 g
pol ymer from Synt hesis Exanple 4 was dissolved in 30 g of PGVEA/ PGVE 70/ 30
sol vent twomel@isae- 3 Wt % solution. 0.1 g of 10% of dodegxhBsizenessul fonic
acid triethylam ne salt in PGVEA/ PGQVE 70/ 30 was added in the pol yner
solution. The m xture then was filtered through a micro filter with a pore
size of 0.2 urn. The solution was then 10 spun coated on a silicon wafer
for 40 seconds. The coated wafer was then heated on a hot plate for 1

m nute at 200C. Fornul ati on Exanple 6: 0.2 g polyner from Synthesis Exanpl e
1 and 0.8 g polynmer from Synthesis 15 Exanple 4 was dissolved in 30 of
PGVEA/ PGVEpattsraed seibgtsale ¢an there be dry3eishes swithianogichingigas ef migtwe o

added | - (R0l i SUPRE et "R P EmpRe e O Py sE e

m cro fil tamtireflédtive fivorer mhmples)iayérs? ofl ramtnfaﬂecti\td obatingsyvadtht therreaaiming oat ed

on a silicaon vvafer faor 40 secopds. coate waf er was t en 20 eatgd on a
hot pl at e PRAIOCFESIHLAGHRT 85 By 'T—'G?'fru 21PYR pases agg "%}”'Mﬂ from
Synthesy s fgxaitphifg Jorgaﬁtc%rﬁlrgﬂé&wr@faﬁfn@@mséwtalgeﬁiogeFeaﬁmsen ORCF,,

di ssolved in 30 g of PGQVEA/ P 70/ 30 solvent to make a 3.3 25 w %

sol uti on. @Hfa.gcb;fHBO%Qa‘ Q@dé@yl benzene sul fonic acid triethylanine salt
in PGQVEA/ PGVE 70/ 30 was added in the polynmer solution. The m xture then was
filtered throudhach of dhe dogumeents; refiersedpealsovec apg incarparatied Theseigobyit i on

was then Sr%‘l’%}eeﬁggﬁﬁ Qtshé}{tﬁetf/a%rcgp IpY)?&fgesf O*Thé‘ So%gﬁﬂ%m )fé?ﬁf)l@g vWﬁ‘f er

was then hea on a mnute a
2011/ 151718B8GEel B é:lb(d)(lm?s’rleatlléosmdfatth\@nn@umqsl eof8:préddcgjng o lapde witifiziogn

Synt hesi s Exa Ie2a nmer,. fro nt hesi s, Exanpl e 4. was

di ssol@ed ¢qm OE&EAPE’%?EP'}% fpion, \r?@%/set EXAPLES, aggs"%‘ ‘K)\ti\é”dfgl ution.
0.1 g of %&ferd@ﬂlﬂﬁ&’bp?é‘slﬁ&Qhélécbﬁéléftﬁé'u‘i{/e'fnhbﬁtirméh Waleasdkhoild not
PGVEA/ PGVE 70/ 30 was added in th e(i)o ynmer solution. The m xture then was

filtered the swgstraedias erovidingr copditions, pearamgtors gf w@luesywhichriaustobet j on
was then %Rg?gg%g{;ﬁgwgfg .ﬁofaéﬂtsgﬁa&ﬂe‘eeﬁwe Ji?ésém "3‘%3‘@5”1 5 The coated wafer

was then he ate te at

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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Forrmul ati on Exanple 9: 0.2 g polyner from Synthesis Exanple 2 and 0.8 g
pol ymer from Synt hesis Exanple 4 was dissolved in 30 g of PGVEA/ PGVE 70/ 30

sol vent twomel@isae- 3 Wt % solution. 0.1 g of 10% of dodegxhBsizenessul fonic
acid triethylamne salt in 15 PGQVEA/ PGVE 70/ 30 was added in the polyner

solution. The m xture then was filtered through a micro filter with a pore
size of 0.2 um The solution was then spun coated on a silicon wafer for 40
seconds. The coated wafer was then heated on a hot plate for 1 mnute at
200C. 20 WO 2011/151719PCT/1B2011/ 001229 Formul ati on Exanple 10: 0.5 g

pol ymer from Synthesis Exanple 2 and 0.5 g polyner from Synthesis Exanple 4
was di ssol Synithesis30 ExarhpleGVAA/ PG\EyﬂWe%(h scd»fvepbly(bexaﬂeoml&ﬁrona%ol

sol ution. 10% of dode nzene sul f aci tr| et hyl am ne salt
in5 PGIVEAWP&‘%’VE? S‘(Y‘%\égaéﬂﬂléﬁ?/ ?\Vﬁéoﬁﬂl’mf gli‘ ® The nmixture then
was filtered through a mcro filter wwth a por z The

sol ution wi0tgheh! B[ﬂPY&BE’L‘@(ﬁJ%ﬂsﬁp@PPP@dHe&RC O(SA 12'3%8#@58 99&f coat ed
waf er was hg%f&a@ﬁ' g)rbfwmxﬁraﬁyﬁ métha [Eté‘%@reah)?&p%thlﬂ oo rguloat i on

Exanple 11: 0.0 mer from Synt hesi s anpl e .95 g polyner from
Synthedi s tekrahwr@ mra Hif)sselverld The mly@quapgvmam th Jaesplivdhe to

ri ot nyl anReoharbHhir e Aoty 25 6 Ui sARSTRIGP B0%E P sob) Bodfitd
'(I)'hg lTI‘ >r<]t urmohhterliﬁpgvlaatnutaa i?el ltea:]:&gh hhxtuct;gtm:a pgﬁcugnztlbri:mgiemiizéd DPpoatersi ze of
seconds. Tﬂée whY ‘T‘Ol\ﬁa‘ga? P’l‘P&%Rﬁé d'jj rigd 19 vaguo | ‘{%ed&&e d.l"?nrzﬂg;t% at

200C. Forr(lgb% upifh Eﬁéﬂ@ﬁa@eﬂﬂw 3{)1@0@| pol ymer from Synthesis Exanple 3 and
0.9 g pol yner from Synt hesi s Exarrp e 4 was dissolved in 30 g of PGQVEA/ PGVE

70/ 30 | vent to nake a 3.3 wt% solution. 0.1 g of 10% of dodecyl benzene

sul fonic t a‘%ﬁ’é e | t @gg‘%
pol yrer sg$ r?tlhtg%@_r% m %ur?at hen§¥\'g tered Wou a m crodPﬂrnt er with

a pore sizmetliadiylaterco-mateiputeidoshydraxypiepyl methacrylate-co-styrene

20.0 g of Isopropyl hexafluoroisopropanol methacrylate (MA-BTHB-OH), 4.1 g of
maleimide, 6.0 g of hydroxypropyl methacrylate and 1.8 g of styrene were mixed
15 with in 120 g of THF solvent. The polymerization reaction took place in the
presence of 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
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25 spun coated on a silicon wafer for 40 seconds. The coated wafer was then
heated on a hot plate for 1 mnute at 200C. WO

2011/ 151 A:8R1sBA911/ 001229 Fornul ati on Exanpl e 13: 0. 3ce/aBahYi®k2d rom
Synt hesis Exanple 3 and 0.8 g polyner from Synthesis Exanple 4 was

di ssolved in 30 g of PGQVEA/ PGVE 70/ 30 solvent to nake a 3.3 wt % sol uti on.
0.1 g of 10% of dodecyl benzene sulfonic acid triethylamne salt in 5

PGVEA/ PGVE 70/ 30 was added in the polynmer solution. The m xture then was
filtered through a micro filter with a pore size of 0.2 urn. The solution
was then spun coated on a silicon wafer for 40 seconds. The coated wafer
was t hen hlamderofh”ha sotit prbduet was whshed ne dried 00 GacubDat-45 A0 vieldg &xanpl e
14: 0.5 BromS nt h E)ég le 3 and 0.5 g polymer from Synt hesi s
Exanpl e 4 ﬁfg’ét APy ﬂg%moé PGVE 70/ 30 solvent to make a 3.3
wt % sol ut i on 0.1 g of 10% of dodecyl benzene sulfonic acid triethylam ne
salt in PGQVEA/ PGQVE _70/ 30 was added in the mer solution. The m xture
then was 18ymthesis Exapmleudin Synthesis of 1a EPP ymer;ohgncamingplast @nd am The
sol uti gn V\@E bjpen spun coated on a silicon wafer for 40 seconds. The coated
waf er was gn heated on a hot plate for 1 mnute at 200C. Eval uati on of
Resi st ance 50

sol vent was d?'sggﬂeé/nge oﬁﬂ:{i e S|+tﬂ2'e%|y&9{"" égg%fﬂné%sf;& E%P@@I al s from

For mul at i ograbsach PEMEBEAlWerelchaggeldvinte ardk jackaied dldsk with mothenmbiretemg
after 60 s. significant fil es were observed. .S m | e riments
wer e perfomﬁﬁl\gawqqhﬁﬁe%re?'&%eq %Wﬁﬁeﬁﬁaﬂﬁ’@ﬁﬁev@%%@‘%’n‘e %oogt% % om
For mul at i ochtaiyaePArBodnt( pe! ;yéfertoﬁkaas@wm@@m@ rnsacYdratt) wils didded) kel i n
devel oper due_to the imde content. BARC filns fromthe ot her Fornul ation

Exanpl ¥ 2eagtion:wasJopintained gbhis é%‘PE?@HU@ fopotHe. g Epastiop solujjgn was
2011/ 1517 1QBCHobRAAL LoBL et &raitird GndHidhéd MRS HIL BB RaS iy PABred RRS | NOS

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:
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The BARC filnms resulting from Formnul ati on Exanples 1-20 were subjected to
contact angle studies. For each coated wafer, five drops of water were
added to , up, down, left and right areas of t angle
of water ‘R\/(g?og?l%aggur ed by using VCA 2500XE system By g\%&&%@%lﬁgﬂ%ﬁgse five
contact angle data gave the contact angle of water for the BARC s. By using
devel oper (AZ 300 MF) instead of water, and foll ow ng the sane procedure
as descri bed above, the contact angle of devel oper on BARC was neasured.
The results are shown Table 1, Table 2, and Table 3 for fornulations with
top polyners from Synthesis 10 Exanples 1, 2, and 3; respectively. For

pol yners fr.omgSyalymesr SrdmiaSyhthesisandEdamphdl 2 Was dissolvedt #ct 3angl ef

i ncrenent upon addition of the hydrophobic polyner_from Synthesis Ex le 1
is not as %@@F&M%S?@&Q reyyve t_t‘? gg\ﬂ?‘?s 4‘)r%§1 i n%ﬁmﬁﬁ"é"og'f%mg of ™ ©
fluori nat Qeﬁfﬂﬁrem&grﬁgghdﬂ?lf&m&%d' 0 1td18f RO%Y BRAod&SIbePRENERLFOAIE ABid

Synt hesi s Exanple gvzlibl e 22 or polymers from Synthesis Exanple 15 3
and 4 (Tatirl@thrﬂn):i)ﬂ,mlsegﬂﬂﬂf inc RME Ee70B0cwas addednigl Wevpelimgs gotution- of

hydr ophobi . fr ' | EVE L eh
I ndi cat% es @%%é%/}g% ﬁ'c%‘ %?’r{t Bl}ésbeﬁ{cg?u d%n%g ?/?rr%trgg rh o?np%?/%t% %s&so'&rﬁrbl e 2
and 3 cont®Bienssiugonfwasnheraspunt castedhyalr apkiibore wafet for Fhesecosdd.t Hieso

|'s that t f th | terjal d t i gni fi cant
b aence rtehwalRs Mo bSRerayT 6 hotilealor * Binig at pttRGn: e gnb"
fornul ati gafie@ivensdatifgwad BRAYSINbAES sfecidiBbR dilifstinete0MiB®ptiFazgDSi ti on

(W% Fornul ation Exanple Synthesis Exanple 1 Synthesis Exanpl e 4 Contact
angl e to veflestive ipdendnzat 493 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 tetramethoxymethyl 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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5 10 90 55.0 6 20 80 58.4 7 50 50 72.4 1 100 0 74.4 Table 2. CA
nmeasurenments for formul ations of polynmers from synthesis exanple

10

15

20

25

WO 2011/151719 PCT/1IB2011/001229

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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2 and 4 Polynmer Conposition (wt% Formul ati on Exanpl e Synthesis Exanple 2
Synt hesis Exanple 4 Contact angle to water 4 0 100 49.6 8 10 90 70.3 9 20

80 72.4 wo02011/151719 PCT/IB2011/001229

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

29



10 50 50 74.4 2 100 0 78.5 Tabl e 3. CA neasurenents for formnul ations
of polynmers fromsynthesis exanple 53 and 4 Pol yner Conposition (W%

Synt hesi swb%a{Pisg718 Synt hesi s Exanpl e 4 Contact angl e t ecabai1/b@apriact
angle to

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 200°C.

10 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
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.

Formulation Example 12:

20 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

25 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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Formulation Example 13:

0.2 g polymer from Synthesis Example 3 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
5 PGMEA/PGME 70/30 was added in the polymer solution. The mixture then was
filtered through a miicro 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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Contact Angle Measurements for BARC coatings

The BARC films resulting from Formulation Examples 1-20 were subjected to
contact angle studies. For each coated wafer, five drops of water were added to
the center, up, down, left and right areas of wafer. Contact angle of water was
measured by using VCA 2500XE system. By averaging these five contact angle
data gave the contact angle of water for the BARC’s. By using developer (AZ
300 MIF) instead of water, and following the same procedure as described above,
the contact angle of developer on BARC was measured. The results are shown
Table 1, Table 2, and Table 3 for formulations with top polymers from Synthesis
Examples 1, 2, and 3; respectively. For polymers from Synthesis Example 1 and
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
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

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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Optical Analysis of G ade Materials Optical anal yses of the graded

mat erials were perforned using Variable Angle Spectroscopic Ellipsonetry
(VASE). Wpe 20ntis¢ab di spersion nodels 10 ( WASEO genosc pggfighid 1/do1AeoMdol am
for the uniformfilns from Fornul ati on Exanples 2 and 4 were used to nodel
the filnms formed fromthe bl ends of these 2 conponents which are

Fornmul ati on Exanple 8, 9, and 10. Experinental data (A |P) from phase
segregated filns were fit to various |ayered nodels. Anbng these were a
dual layer, a dual layer with a uniformy mxed interm x region in 15
between, a dual layer with a graded region in between, and a single graded
| ayer. TheTdblal2.| GHeneasureémentsifiof tarmiuativinsexd pohineersiftom egitbasisexafmpled t o
be an excellent fit which is also corsasddnt with the conpositions in the
formul ati on and the resul ts obtajned begi C?Mlﬁgt angl e nmeasurenents. WO
2011/ 151719PCT/ 1B2011/ 00132 BghparReslign( graphy Exanple 1 The
l'ithographi erformance of the anti-reflective coating formnul ation was
eval uat ed 59"2‘@"‘3&'2&) tlﬂ“?@i%@ﬁ"}ﬂlﬁ)t YUPE$IS The sol ution of Formul ation
5 Exanpl e £X@P!Boat ed dn a silicon wafferemaplg bakefontachanglerts Waer seconds.
Usi ng AZ(r) EXP4AX1120P photorksist a 190 ARPfilm was cofl%8 and baked at
100C for 60 secéhds. The wafefOwas then i mifewi se exposedUding a 193 nm
exposure tool. Phe exposed waB@r was baked & 110C for 60/&éconds and
devel oped usingl®Z(r) 300M F 8@vel oper for 80 seconds. ThEt#ine and space
10 patterns wher2 observed und®0 scanni ng el @ctron m crosck® showed no
standi ng waves, thus indicating the efficacy of the bottomanti-reflective
coating which renmai ned on the substrate after devel opnment. Lithography
Exanpl e 2 Tablé® GA hieeguehersts fer foanhations of pblymer frort §fntitesis eRarapkt | ng
formul & ion was eval uated using AZ(r B dntP4AX2110P photoresist. The sol ution
of Fornul ati on Exanpl e 8 was coated an silicon wafer and baked at 200C
for 60 seconds. Usi nd R¥PF) aﬂﬂﬁoﬁwfﬂiwﬁ’%bhot oresist a 190 nmfilmwas
coated and baked at 100C for 60 seconds. The GG was then i magew se

exposed usii®gnylation Gynthesis 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 50 731 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 fiims 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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20 exposure tool. The exposed wafer was baked at 110C for 60 seconds and
devel oped using AZ(r) 300M F devel oper for 30 seconds. The |line and space

patterns &p $gbved under scanning el ectron mcrosco
st andi ng \s\ﬁ\vgvelsl?ﬁt hus indicating the efficacy of the bot ?g%ﬁgﬁ)}ﬁ?@%% ective

coating. The pattern profile has shown reduced footing/scumconparing to
the results 25 from Conparative Lithography Exanple 1. Cains: 1. An
antireflective coating conprising a mxture of a first polynmer and a second
polymer, and a thermal acid generator, where the first polynmer 5 conprises
at | east one fluoroal cohol noiety, at |east one aliphatic hydroxyl noiety,
and at | east one acid noiety other than fiuoroal cohol with a pKa in the

range of aRout 8 to about 11; ere the second polyner is a reaction
pr oduct ofBSH‘p&ﬁaHlﬂ%ﬁl‘é@‘P%@#ﬂbggfaml?H a conpound conprising at |east one
hydr oxyl and/or_at |east one add group. 10 2. The antireflective coating
conposi tion of Ehalithegrapfieperermancerafithg anlirrefiestiyeiqaating Sermylatian was

aromatic gepy ted using &z@ﬁ)@o%&ifﬁiﬂ ShblotBsie0at hd SR AIBACSH FoRfultioR! i m 1
or 2, where the first™ 15 polymer type has structure (1) (Pl )ti (-P2 )v(-P3
)i-P4 Yx( Bgampe(4)washeoatepon g silicopnwaier iandubaked: angb0°s: firer 60 Sea@ndsal cohol

s o ronordPTe A EXFoapy 1 iePhopitoR i 180G Tl ML bl BRled T

conpri si ng1G0°lEafe 60osecondseThe Waisdwas thewirmhgewiBt aexpoasd agingoadB3mmoneri ¢
ar e

repeat unit conprising._an aryl chronmophor ety U , X

repr esent a?’fRPéﬁgef oRl1 ed ﬁr%ﬁ?B??&d’F@fg? V\‘aépgagg(ijﬁtttgol G érpﬁgﬁ §ﬁ£é‘?'¥q§haf“?| and
where U, Vdewdlichel B3inG" AZPBDONIF adeVefsher BPB005echndd. aTHe NineSasd &pheé than
zero and y is zero or greater. 4. The antireflective coating conposition

of anylOonepajtergs aWhﬁf‘ lob%e"S?d wHeder tS§aNRiNGs 1gAIoPNERICEsEPPE s BhRWeshdno
f 1 uoroal Coﬁghdi% Wi dsd ttf?leL’fﬁ'chaﬂﬁg hé lé‘fﬁéé%? c‘thhe 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 resuilts

25 from Comparative Lithography Example 1.
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WO 2011/ 151719PCT/ 1 B2011/ 001229 Rfi Rf2 OH (2) where X is ethylenic unit
or substituted ethylenic unit, Wis selected froman al kyl ene and aryl ene

group, angoWi@Re R 2 are independently a fluoro(01- S5Crahxhi@emp. 5. The
antireflective coating conposition of any one of clains 1 to 4, where first

pol ymer conprising the imde noiety is unit of structure (8) or (9)

where R1. R2 and R3 are independently selected from hydrogen and
(G-A)alkyl, R'4is alinear (C-do)al kyl group or an (C6-Cl4) aryl
noiety and R8 is a direct val ence bond or is a (Cl-010)al kyl ene spacer
group. 6.The antireflective coating conposition of any one of clains 1 to
5, where fClaghs:pol yner conprising the aliphatic hydroxyl noiety is a unit
of structure (7) (7) where RL, R2 and R3 are independently selected from
hydrogen and (Cl-C4)al kyl, independently sel ected from hydrogen and
(Cl-C4)al kyl, Rgi anSrdiiedtivieedatig @dmprising 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 about 8 to about 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.

10 4
2. The antireflective coating composition of claim 1, where the first polymer

further comprises an aromatic group.

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

15  polymer type has structure (1)

P PP PP,
where P; is a monomeric unit comprising a fluoroalcohol moiety, P, is a

20 monomeric unit comprising an aliphatic alcohol group; P3; is a monomeric unit
comprising an imide moiety; P4 is a monomeric unit comprising 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, are greater than 0, at least one of .

25 wand x is greater than zero and y is zero or greater.

4. The antireflective coating composition of any one of claims 1 to 3, where

the first polymer comprising and fluoroalcohol group is a unit of structure (2)
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WO 2011/ 151719PCT/ 1B2011/ 001229 (G -C o) al kyl group, and RO is sel ected
froma direct bond and a (G -Cl2)al kyf spacer group. 7.The antireflective

coati ng oQBpReFIisiAe of any one of claims 1 to 6, 5 wherecihsiiypabkywrer
conprising the aromati c hydroxyl noiety is a unit of structure (10a) or

(lob), Ar-(01-On(OH) 1440 0 R5---Krn (10a)(10b) 10 where Ar is an aryl
noi ety, where RL, R2 and R3 are independently sel ected from hydrogen and
(d-A)alkyl, R4 is a (A-dCalkyl group or an (C6-Cl4) aryl noiety R5 is a
di rect val ence bond or a spacer group Re and R7 are independently sel ected
from hydrogen, (Cl-C10) al kyl group, an aryl nmoiety (C6-Cl4), a (Cr
C8) car bonyl oxyal kyl , and (C2-C8) carbonyl, and n=1-3 15 8. The
ant i reflectiiﬁ coating conposition of any one of clains 1 to 7, where the
aromatic gro/L}Q is aunit of structure FPs cprN Pv(11)Al cR (12) 20

Rf;” | “Rf,

OH (2)

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(C4-

5 C,)alkyl group.

5. The antireflective coating composition of any one of claims 1 to 4, where
first polymer comprising the imide moiety is unit of structure (8) or (9)

__ © R e
R[__>:O \ 4
N R2>:§\N2|:O

10 O H (g © (9)

where R4, Rz and R3 are independently selected from hydrogen and (C4-C4)alkyl,
R’ is a linear (C4-Cqg)alkyl group or an (Cs-C14) aryl moiety and Rs is a direct
valence bond or is a (C4-Cqp)alkylene spacer group.

15
6. The antireflective coating composition of any one of claims 1 to 5, where

first polymer comprising the aliphatic hydroxyl moiety is a unit of structure (7)

HO R4 (7)

20
where R1, Rz and Rj; are independently selected from hydrogen and (C4-C4)alkyl,

independently selected from hydrogen and (C4-Cs)alkyl, R4 is hydrogen or an
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where Ar is an aryl nmoiety, where R, R2 and R3 are independently sel ected
from hydrogen and (Cl-C4)al kyl, R4 is a (Cl-Cl0)al kyl group or an (C6-Cl4)
aryl noi i di rect val ence bond or a spacer gro are
independgﬁpﬁﬁﬁggﬁggted from hydrogen, (Cl-Cl10) al kyl grgggﬁggﬁﬂg?gﬁ noi ety
(C6-C14), a (Cr 25 CB)carbonyl oxyal kyl, and (C2-C8) carbonyl. WD
2011/ 151719PCT/ 1 B2011/ 001229 9. The antirefl ective coating conposition of
any one of claims 1 to 8, where second polyner is a reaction product of an
am nopl ast with a pol yhydroxyl compound. 5 10.The antireflective coating
conposition of any one of clains 1 to 9, where the am noplast is sel ected
from structGir@,ddlkyl group, and Rg is slect8ut frb( 4 Yirdc boha i wh@,cC/RAkyIR10 i s
i ndependent |y 2 -0-(CH2)mCH3, mis 0 to 3 and R11 and Rl12 are
i ndependentf3FeR@Ulyen or Crew al kyl. 11. The antireflective coating
conposition of any one of clains 1 to 10, where the hydroxyl compound is
selected fromstructures 27 and 28 15 OH R 7

7. The antireflective coating composition of any one of claims 1 to 6,

5 where first polymer comprising the aromatic hydroxyl moiety is a unit of structure

(10a) or (10b),
Re :Rs R, R3
R, AI"_(OH)n R?:§\O—R _(OH),
Ry (10a) © all (10b)

10  where Ar is an aryl moiety, where Ry, R, and R3 are independently selected from
hydrogen and (C-C4)alkyl, R4 is a (C1-Cqp)alkyl group or an (Cs-C14) aryl moiety
Rs is a direct valence bond or a spacer group Rs and Ry are independently
selected from hydrogen, (C41-C4g) alkyl group, an aryl moiety (C¢-C1s4), @ (Co-
Cs)carbonyloxyalkyl, and (C»-Cg) carbonyl, and n=1-3

15
8. The antireflective coating composition of any one of claims 1 to 7, where

the aromatic group is a unit of structure

AR R>=§\O_ R,
| AT g

R (11) o

20
where Ar is an aryl moiety, where Ry, Rz and Rj3 are independently selected from

hydrogen and (C4-Cj)alkyl, R4 is a (C1-Cqp)alkyl group or an (Cg-C44) aryl moiety

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

selected from hydrogen, (C4-Cyp) alkyl group, an aryl moiety (Cs-C14), a (Co-
25 Cg)carbonyloxyalkyl, and (C,-Csg) carbonyil.
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ONOiRR 13-r.1 HO5 OH OH(27) 16 .4DH (28) where R13 is a spacer
group, R14 is selected from hydrogen, C1-Cl10 al kyl, an aryl (C5-C20), an

(C6- C20) abysbarih19R15, R16 and RL17 are i ndependently apg@agsidfidikyl ene
spacer. 12. A process for manufacturing a mcroel ectronic device,

conprising; WD 2011/151719PCT/1B2011/001229 a) providing a
substrate with a first layer of an antireflective coating conposition from
any one of clainms 1 to 11; b) coating a photoresist |ayer above the
antireflective coating |ayers; Cc) I nmagew se exposing the

phot oresi st | ayer; 5d)devel opi ng the photoresist |ayer with an aqueous

al kal i ne dével ophaandicefleictios coating composition of any one of claims 1 to 8, where

second polymer is a reaction product of an aminoplast with a polyhydroxyl

compound.

5 10. The antireflective coating composition of any one of claims 1 to 9, where

the aminoplast is selected from structure 19,

0]
R
"{N/[kN/Rm
R11> < Rq2 (19)
I~
/N R
R10 \”/N 10
(0]

10  where each Ryg is independently CH; —O—(CH3),,—CH3 m is 0 to 3 and Ry and
R4z are independently hydrogen or C4-C,g alkyl.

11.  The antireflective coating composition of any one of claims 1 to 10, where
the hydroxyl compound is selected from structures 27 and 28
15

R14 /N N\
'?1 31/ HO/R1 5 \ﬂ/ R16\

OH OH (27) O OH (28)
where Rj3 is a spacer group, Rq4 is selected from hydrogen, C-C4¢ alkyl, an aryl
(Ce-C20), an (Ces-Coo)alkylaryl, Rys, Rig and Ry7 are independently a Co-Cg

20 alkylene spacer.

12. A process for manufacturing a microelectronic device, comprising;
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13. The process of claim 12, where the first antireflective coating |ayer
has k value in the range of about 0.05 to about 0.35. 10 14. The process

of clai my@,8f1kdoWhere the photoresist is sensitive f nmto
about 12 nm ! 15. The process according to any oneﬁ)gmlgﬁg?/pr%&%g to 14,

where the 15 devel oping solution is an aqueous sol ution conprising a
hydr oxi de base.

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

composition from any one of claims 1 to 11;

b) coating a photoresist layer above the antireflective coating layers;
c) imagewise exposing the photoresist layer;

5 d) developing the photoresist layer with an aqueous alkaline

developing solution.

13. The process of claim 12, where the first antireflective coating layer has k
value in the range of about 0.05 to about 0.35.

10
14. The process of claim 12 or 13, where the photoresist is sensitive from

about 250 nm to about 12 nm.

15. The process according to any one of claims 12 to 14, where the

15 developing solution is an aqueous solution comprising a hydroxide base.
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