AN UNDERLAYER COWVPQCSI TI ON AND PROCESS THEREOF Descri ption The
present invention relates to conpositions of a spin-on netal containing
under | ayewe 20r17pdast ol i t hogr aphi ¢ processes, and a process/Bmn2/ihmag ng

usi ng such | ayers. Phot oresi st conpositions are used in

m crol i thography processes for making mniaturized el ectroni c conponents
such as in the fabrication of conputer chips and integrated circuits.
Generally, in these processes, a thin coating of film of a photoresist
conposition is first applied to a substrate material, such as silicon based
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the coating onto the substrate. The baked coated surface of the substrate

i s.next subjected to an i nage-w se exposure to radiation. Thi s
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and to fix the coating onto the substrate. The baked coated surface of the

substrate is next subjected to an image-wise exposure to radiation.

This radiation exposure causes a chemical transformatioh in the exposed
’afeas of the coated surface. Visible light, ultraviolet (UV) light, electron beam
and X-ray radiant energy are radiation types commonly used today in
microlithographic processes. After this image-wise exposure, the coated
substrate is treated with a developer solution to dissolve and remove either the

radiation-exposed or the unexposed areas of the photoresist.

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

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. Two major disadvantages of back reflectivity are thin film
interference effects and reflective notching. Thin film interference, or standing

waves, result in changes in critical line width dimensions caused by variations in



the total light intensity in the photoresist filmas the thickness of the
phot oresi st changes or interference of reflected and incident exposure

radi ati onypagf#aksg standing wave effects that distort Eaﬁﬂﬂﬂhbﬂhﬁkﬁy of
the radiation through the thickness. Reflective notching becones severe as
the photoresist is patterned over reflective substrates containing

t opogr aphi cal features, which scatter |ight through the photoresist film

| eading to line width variations, and in the extrene case, form ng regions
with conpl ete photoresist |loss. An antireflective coating film coated
beneath a photoresi st and above a refl ective substrate provides significant
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titani um contai ni ng underl ayers. The conposition has good | ong term shelf
life stability. The filmof the novel conposition has excellent dry etch
resi stance and can be used as a hard fask to replace silicon underlayers in
many processes, such as trilayer inmaging processes. The underl ayer coating
i s capabl e of absorbing deep ultraviolet radiation and can be used as
spin-on inorganic or hybrid antireflective coating to control substrate
reflectivity when exposed to deep ultraviolet radiation. The novel
conposition can al so be used as an underlayer in extrene ultraviolet (EW)
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Summary of the Invention The present invention relates to an
under | ayer conposition conprising a polyner, an organic titanate conpound
and optiqnally a thermal acid generator, where the polyner. conprises at
IeastponéNPﬁﬁé¥U§F80hol group and at |east one epoxy grBGB@B¥HngﬁV%ntion
also relates to a process for using this underlayer material as an
antireflective coating conposition and/or a hard mask for pattern transfer.
Brief Description of Drawings Figure 1 shows exanples of units of
structure (1). Figure 2 shows exanples of the polynmer. Figure 3 shows
exanpl es of the organic titanate conpound. Description of the Invention
The prespiricessVedtlidomot ehavesatcorapiigieal Nt ayetiref CIR@SI &8 @@dpr i si ng
an organi c polymer and an organic titanate conpound, where the organic
pol ymer ERGRIIAYSES Ak beingsyseshid peydithegraBhis teghriddeana casesaukeredhe epoxy
group.  ThRoBASIRIodB Yo BRI Suftcichf Aty RGP rekdiktantb! Indeddyert Qplufghol
group and at least one uhit wth an epoxy group. e conposition may
further antingflectiveacadtiogador thei phajeresrsatiat. acTlas g bhycherask @mdoare highly
invention further relates to
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coat ed umd@icorparheilios®drstitahiuhininto a layer beneath the organic photoresist
layer. Additionally, another high carbon content antireflective or mask layer is
placed beneath the silicon or titanium antireﬂective layer, such a trilayer of high
carbon film/hardmask film/photoresist is used to improve the lithographic
performance of the imaging process. Conventional hard masks can be .applied by
chemical vapor deposition, sputtering. However, the relative simplicity of spin
coating versus the aforementioned conventional approaches makes the
development of a new spin-on a hard mask with high concentration of titanium in

the film very desirable.

The present invention relates to novel titanium compositions and
processes. The novel organic titanate based underiayers have sufficient titanium
in the film, depending on the amount of titanium compound present in the
composition and the curing process used. The underlayer coating has good
resistance to both casting solvent and aqueous alkaline developer over a wide
range of both titanium concentration and also optical indices. The coating and
crosslinking quality of the underlayer coating is at least comparable to
conventional nonmetallic organic bottom antireflective coatings. The novel

underlayer compositions also have good stability with long term storage.

The present invention relates to a spin-on coating material useful for
generating titanium containing underlayers. The composition has good long term
shelf life stability. The film of the novel composition has excellent dry etch
resistance and can be used as a hard mask to replace silicon underlayers in
many processes, such as trilayer imaging processes. The underlayer coating is
capable of absorbing deep ultraviolet radiation and can be used as spin-on

inorganic or hybrid antireflective coating to control substrate reflectivity when



The organi c polymer of the novel conposition, may conprise a unit with a
fl uoroal cohol group of structure (1), and a unit wth an epoxy group of
struct ur ewb2p12/176049¢ 0 W2 PCT/IB2012/001219

exposed to deep ultraviolet radiation. The novel composition can also be used as
an underlayer in extreme ultraviolet (EUV) lithography to significantly improve
photosensitivity, which helps to improve overall EUV photoresist performance.
Additionally, the novel composition is capable of forming spin coatable and

crosslinked titanium coatings which may be used for many other applications.

Summary of the Invention

The present invention relates to an underlayer composition comprising a
polymer, an organic titanate compound and optionally a thermal acid generator,
where the polymer comprises at least one fluoroalcohol group and at least one
epoxy group. The invention also relates to a process for using th’is underlayer
material as an antireflective coating composition ahd/or a hard mask for pattern

transfer.

Brief Description of Drawings

Figure 1 shows examples of units of structure (1).
Figure 2 shows examples of the polymer.

Figure 3 shows examples of the organic titanate compound.

Description of the [nvention

The present invention relates to a novel underlayer composition
comprising an organic polymer and an organic titanate compound, where the
organic polymer comprises at least one fluoroalcohol group and at least one
epoxy group. The polymer may comprise at least one unit with a fluoroalcohol .
group and at least one unit with an epoxy group. The composition may further
comprise a thermal acid generator. The polymer can be selfcrosslinkablé and
free of crosslinker. The invention further relates to a process for forming an
image, where the novel composition forms a layer coated under the photoresist

film.



0(2) RFi RF2 (1), where, Rl to R6 are independently selected from

hydr ogen and Cl1-C4 alkyl, Wis a divalent |inking group (such as arylene, a
carbonyl oxy (-C(=0)-0-) and a carbonyl oxyal kyl ene (-C(=0)-0-W8-) where W8
is sel ectN¥@2WPOTH3CL to C20 al kyl ene noiety, a fully fPGEABHAZBY219
(C1l-C20) al kyl ene group and a partially fluorinated (Cl-C20)al kyl ene group),
RfI and Rf2 is independently selected fromfully or partially fluorinated
(C1-C6) al kyl group; WL is selected froman arylene |inking group, a
carbonyl (-(C=0)) linking group, and a carbonyl oxyal kyl ene |inki ng group
(-C(=0)-0-Wi-) where W is selected froma group consisting of ClL to C6

al kyl ene noi et i r r

fl uori nated (aﬁmE% HQFQﬂﬁ%ﬁgrgf%ﬁQQNe§E5v£%§ﬁoH Q%EC%quB@éigﬁhgwgf; The
pol yner rfiwpraaiental growd ¢f stracioee (), @nlta unit twithsan @powy graumati skveturg ure 2,
or -may OQ {onally contain other nonomeric units. Specific exanples of W
and W are”i ndependently net hyl ene, ethyl ene, propyl ene, isopropylene, and
1- hexyl et hyl ene, pentafl uoropropyl ene, 2,2,2-trifluoroethyl ene and

hept af | uor obut yl ene, . Specific exanpl es of RfR and Rf2 are trifluoronethyl,
pent af | uor opr opyR, aﬁ@ 2,2,2-trifluoroeth “h af | uorobutyl . Specific
exanpl es of thylene et hyl ene,Lpro ene, isopropylene. Specific
exanpl es of the#ni ) are given in Flgﬁﬁe ) The organi c pol ynmer
may contain uni 8 of| structure (1) and (2), d may additionally contain
the optional recurrilng unit (3) where R7 to tare independently sel ected
from hydrogen and 0%-C4 al kyl |

Rf; Rf, Wa
O <‘
H ~

where, R4 to Rg are independently selected from hydrogen and C4-C4 alkyl, Wis

a divalent linking group (such as arylene, a carbonyloxy (-C(=0)-O-) and a
carbonyloxyalkylene (-C(=0)-O-W3-) where W3 is selected from a C4 to Cy
alkylene moiety, a fully fluorinated (C4-Cy)alkylene group and a partially
fluorinated (C4-Cy)alkylene group), Rf; and Rf; is independently selected from
fully or partially fluorinated (C1-Cg) alkyl group; W, is selected from an arylene
linking group, a carbonyl (-(C=0)) linking group, and a carbonyloxyalkylene
linking group (-C(=0)-0O-W;-) where W, is selected from a group consisting of C;
to Ce alkylene moiety, fluorinated (C4-Cs¢) alkylene group and partially fluorinated
(C4-Cs) alkylene group; and W, a (C4-Cs) alkylene moiety. The polymer may
contain only monomeric units with structure 1 and structure 2, or may optionally
contain other monomeric units. Specific examples of W; and W, are
independently methylene, ethylene, propylene, isopropylene, and 1-
hexylethylene, péntafluoropropylene, 2,2,2-trifluoroethylene and
heptafluorobutylene,. Specific examples of Rf; and Rf, are trifluoromethyl,
pentafluoropropyl and 2,2 2-trifluoroethyl, heptafluorobutyl. Specific examples of ..
W, are methy|ene, ethylene, propylene, isopropylene. Specific examples of the

unit (1) are given in Figure 1.



W (3) where Wb is selected froma direct valance bond, an aryl ene group,
an ester (C(=0)-0-R14) group, a Cl1-C20 al kyl ene group and m xtures thereof,
where R14 is selected from G -C20 al kyl ene, al kyl enearyl ene, aryl ene and
substit ut\¥& 28KY17¢MHd. Specific exanpl es of the nononer uXEdTBYIHHAIN unit
(3) are 2- hyd roxyethyl neth acryl ate, 2-h yd roxypropyl methacryl ate,
2- hydroxybutyl met hacryl ate and hydroxystyrene. The under| ayer
organi ¢ polyner may contain units of structure 1 and 2, optionally contain
unit of structure (3), and nay additionally contain the optional recurring
unit (4), where, RIO to R12 are independently selected from hydrogen,
nitrile(CN) angeGlgsficHdther by dont@R @ikl ofgsftﬁlé:ﬂjr@r (1#2n8YLErand may

=0) - 0- R15) roup where R157is selected froma roup consisting of a
Cl- (20 alRgitiona mt@nkym%n@;atrqnal WF”“%MM(&M egg yRy 1o Ui #1&t ed
al kyl gr rj | kil r mxtures thereof. O her
nononeri C %LH% eBQé%él%!ctQﬂr%rﬁﬂ geﬁe}ﬁ}‘j %19{3 ﬁl c polyner. Specific
exanpl es of t he nononer used to obtain unit (4) are styrene,
benzyl nmet hacryl at e, butyl net hacryl @g eR, 2- et hyl hexyl met hacryl ate,
benzyl acryl ate and butyl acryl at e[

3)

where W5 is selected from a direct valance bond, an arylene group, an ester
(C(=0)-0O-R44) group, a C4-Cy alkylene group and mixtures thereof, where Ryis
selected from C4-Cy alkylene, C4-Cyo alkylenearylene, arylene and substituted
arylene. Specific examples of the monomer used to obtain unit (3) are 2-
hydroxyethylmethacrylate, 2-hydroxypropylmethacrylate, 2
hydroxybutylmethacrylate and hydroxystyrene.

The underlayer organic polymer may contain units of structure 1 and 2,
optionally contain unit of structure (3), and may additionally contain the optional
recurring unit (4), where, Ry to Ry, are independently selected from hydrogen,
nitrile(CN) and C4-C4 alkyl, R43is an aryl group or an ester (-C(=0)-O-R5) group,
where Ris is selected from a group consisting of a C4-Cy alkyl, C4-Cy
alkylenearyl, aryl, substituted aryl, fluorinated alkyl group, partially fluorinated
alkyl group or mixtures thereof. Other monomeric units may also be present in
the organic polymer. Specific examples of the monomer used to obtain unit (4)
are styrene, benzylmethacrylate, butylmethacrylate, 2-ethylhexyl methacrylate,

benzylacrylate and butylacrylate .



(4) In the novel underlayer conposition the polynmer conprises the
fl uor oal cohol group ranging between 10 and 90 nol e% and t he epoxy group
rangi ng bwoweemzé@dzand 90 nol e% I n the enbodi mertTaB20byeopol ymer
where only units of structure 1 and 2 are present, unit (1) can range from
about 10-80 nol e% or 20-60 nol e% while repeat unit (2) can range from
about 20-90 nol e% or about 30-70 nole% In the enbodi nent of the polyner
where at |east three types of repeat units having structure 1, 2 and 3 or 4
are present, unit 1 can range from about 10-70 nol-e% or about 20-50 nole%
recurring unit 2 ca& range from about 10-70 nol e% or about 20-50% and
recurring unit 3Reo 42 can range from about 1-50 nol e% or about 5-40 nol e%

In the enbodi t he pol yner where at |east 4 types of repeat units
havi ng struct 1 2 3 and 4 are present, unit 1 ranges from 10-70 nol e%
or 20-50 /0, re&e |t 2 can range from 10-70 nol e% or about 20-50 nol e%
repeat unit 3 can range frégﬂ about 1-40 nol e% or about 5-30 nole% and

repeat unit 4 can range from about 1-30 nol e% or about 5-25 nol e%

Speci fi c_non-lih mihd ngoFuaTRMagr O6AABESHSI! WET pHgRldh! cbiiorikbd Syidvent i on

are shown in Figure 2, where Xx,"y, z a mare the IeA)o e recurring
units. ﬂuoroa'lrh@qbrganpcrangmgnaete/e@h ﬂ&@mbeélmolw/emndotha spaxy gragani ¢

conpound conpri.sing cowal qund titanium The titanate may be sel ected
froma gr%[]g'ggobr%\f"g?ri] ﬁg a&?rgnd'i'lo%oéyti tanates (5), sec- aI koxyti tant es (5H),
tert-al koxytita tes 5)., tjtanate esters(5) dial kgxy “éi oester)
i tanat o {6) mdnereeig et BEME BT oyt AL on BTG ok A Bl Koy
or ester dretmesdsuki8)1) &8N VAR foinl ARNALESSH ATRELOH DE6- rﬂblb% Qﬁﬁlteers (9)
and polyneric titanates based on beta di ketones (10), where n= 2-10 and

RL5, | R Tspeqturst (2)canprengs frgne abauteABanelelo okabeistd7¢ Lt al kyl
and Cl- aC?ﬁ(znl?éd?%l nf Of Qﬂé'ﬁo L}g@é‘r REerand (Bt @Arse WHLePENARREL \inkE!IBRARf from

Cl- C20 aryl
structure 1, 2 and 3 or 4 are present, unit 1 can range from about 10-70 mole%

or about 20-50 mole%, recurring unit 2 can range from about 10-70 mole% or
about 20-50%, and recurring unit 3 or 4 can range from about 1-50 mole% or
about 5-40 mole%. In the embodiment of the polymer where at least 4 types of
repeat units having structures 1, 2, 3 and 4 are present, unit 1 ranges from 10-70
mole% or 20-50 %, repeat unit 2 can range from 10-70 mole% or about 20-50
mole%, repeat unit 3 can range from about 1-40 mole% or about 5-30 mole%,

and repeat unit 4 can range from about 1-30 mole% or about 5-25 mole%.

Specific non-limiting examples of organic polymer useful for this invention

are shown in Figure 2, where X, y, z and m are the mole% of the recurring units.

The organic titanate of the novel invention is an organic compound
comprising covalently bound fitanium. The titanate may be selected from a group
consisting of n-alkoxytitanates (5), sec-alkoxytitantes (5), tert-alkoxytitanates (5),
titanate esters(5) dialkoxy bis(beta-diketoester) titanates (6), dialkoxy bis(beta-
diketone) 'titanates (7), polymeric alkoxy or ester titanates (8), polymeric
titanates based on beta-diketoesters (9) and polymeric titanates based on beta

diketones (10), where n= 2-10 and R45, R’i5, R”15, and R”’15 are independently
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selected from C4-Cy alkyl and C4-Cy alkyl carbonyl and R and Ry7 are

independently selected from C4-Cy alkyl and aryl groups.

R,
7\0\H/\/R15 R,y R,
5]
R, P Y
R 5 P L‘ 115 O\ O
/15 O /T\ O R15\o N i P
R" 0 S O—R g o / T\ ?
157 YT UTRyg (o] @]
|
Q R%\J \o\ R{K |
R's (5) Rz (6) 6 Ry (7)

Ri7 (10)

‘ Specific examples of Rys, R'15,R”15 and R"’s are ethyl, isopropyl, n-butyl,
methylcarbonyl, butylcarbonyl, dodecylcarbonyl, etc. Specific examples of Rqg
and R47 are methyl, ethyl, butyl, phenyl, benzyl, trifluoromethyl, etc. Specific
examples of n are 6, 7 or 8. Specific non limiting examples of titanate derivatives

‘are shown in Figure 3, where n= 2-10.

Alkyl means linear or branched alkyl having the desirable number of
carbon atoms and valence. The alkyl group is generally aliphatic and may be
cyclic or acyclic (i.e. noncyclic). Suitable acyclic groups can be methyl, ethyl, n-or
iso-propyl, n-,iso, or tert-butyl, linear or branched pentyl, hexyl, heptyl, octyl,
decyl, dodecyl, tefradecyl and hexadecyl. Unless otherwise stated, alkyl refers to
1-10 carbon atom moieties. The cyclic alkyl groups may be mono cyclic or
polycyclic. Suitable example of mono-cyclic alkyl groups include substituted
cyclopentyl, cyclohexyl, and cycloheptyl groups. The substituents may be any of
the acyclic alkyl groups described herein. Suitable bicyclic alkyl groups include

substituted bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, bicyclo[3.2.1]octane,



-R - ri FC15(8) Specific exanples of R 6, R16, R'16, and R'1.6 are
ethyl, isopropyl, n-butyl, nethylcarbonyl, butylcarbonyl, dodecyl carbonyl,
etc. Specific exanples of R16 and R17 are nmethyl, ethyl, butyl, phenyl,
benzyl, tWPR2P125Y6fHét hyl, etc. Specific exanples of n ar ECE/IBZ1p01319
Specific non limting exanples of titanate derivatives are shown in Figure
3, where n= 2-10. Al kyl means |inear or branched al kyl having the
desi rabl e nunber of carbon atons and val ence. The al kyl group is generally
al i phatic and may be cyclic or acyclic (i.e. noncyclic). Suitable acyclic
groups can be nethyl, ethyl, n-or iso-propyl, n-,iso, or tert-butyl, |inear

or branc I%q.;éyl e CcYy, eyl , ?zf,ggec | and
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noi et i estricYhlic cycl iatkydl kyl groopps rayndederono  dycydaf5 0. odetane,

vl opentCoby &rlohemPOeGHE: cycl ohe IOl Sars. OFRBeEHERt |t uent €"ffay be
any of thyarysbi1co &Plustaty APmeAessEd Berkih eieetyslickyl b PineydHave al kyl
groups include substituted bicycl O[b%,} 2. 1Thg)t ane, bicyclo[2.2.2]octane,

bi cycl of 8N of thecaeetic alikyl exruPs[as. substikenbnesimdady mesterraplsyemeans @ane, and
the like g@ﬁ&@ﬁhea% Hs b ¥bblE .ir?mr@g[tgégﬁ?ozdé}%tlﬂg% have been replaced

tricycIoF lundecane, tricyc lundecane,
tri cycl opp . filodné. Sivjlddyet padiallpfidotinated cliofl Hrauplista déjabeanshovAasin

ar oups. a8nityeT LRV GE Bt hele RIS YRS Ran al kyl gr oup as.
s (WL R A M R s
whi ch pagfoupls rhBRtSHEY RERMaBbIEBNIRK GcRRPRRY IERkFIGRE Jivudd, BRddeificlude
an alkylene chain substituted with (C4-C4g) alkyl groups in the main carbon chain
of the alkylene group. Alkylene groups can also include one or more alkyne
groups in the alkylene moiety, where alkyne refers to a triple bond. Essentially an
alkylene is a divalent hydrocarbon group as the backbone. Accordingly, a
divalent acyclic group may be methylene, 1,1- or 1,2-ethylene, 1,1-, 1,2-, or 1,3
propylene, 2,5-dimethyl-hexene, 2,5-dimethyl-hex-3-yne, and so on. Similarly, a
divalent cyclic alkyl group may be 1,2- or 1,3-cyclopentylene, 1,2-, 1,3-, or 1,4-
cyclohexylene, and the like. A divalent tricyclo alkyl groups may be any of the
tricyclic alkyl groups mentioned herein above. An example of a tricyclic alkyl
group is 4,8-bis(methylene)-tricyclo[5.2.1.0.2° ]decane. When referring to a
perfluoroalkylene these include materials describe above as alkylene group but
in which the hydrogen atoms have been replaced by fluorine. Similarly, when
describing a partially fluorinated alkylene group this is an alkylene group in which

part of the hydrogen atoms have been replaced by fluorine.

Alkoxy means straight or branched chain alkoxy having 1 to 10 carbon
atoms, and includes, for example, methoxy, ethoxy, n-propoxy, isopropoxy, n-
butoxy, isobutoxy, tert-butoxy, pentyloxy, hexyloxy, heptyloxy, octyloxy,
nonanyloxy, decanyloxy, 4-methylhexyloxy, 2-propylheptyloxy, and 2-
ethyloctyloxy. |



Al kyl ene groups are dival ent al kyl groups derived fromany of the al kyl
groups nentioned herei nabove. When referring to al kyl ene groups, these

i ncl ude an al kyl ene chain substituted with (C -C18) al kyl groups in the
mai n car B8R 28RA7A048f t he al kyl ene group. Al kyl ene gr oup$CEAR20P8Y21Nc| ude
one or nore al kyne groups in the al kyl ene noiety, where alkyne refers to a
triple bond. Essentially an al kylene is a dival ent hydrocarbon group as the
backbone. Accordingly, a divalent acyclic group may be nethylene, 1,1- or
1,2-ethylene, 1,1-, 1,2-, or 1,3 propylene, 2,5-dinethyl-hexene,

2, 5-di nmet hyl - hex 3- yne and so on. Simlarly, a divalent cyclic alkyl group
may be 1, 2- oy I 4 & X and
the like. A deaI #?@Eﬁﬁéié?%M-éaégﬂ %Dﬁg w%ﬁm$ﬁ§ph§Xﬁhﬂﬂ ¥%§£I|c

al kyl gr oapbthrybretntlumeyl bmtenylsabmdmengals dwa—rppbeylsfarmi thei ldgec Thesalakyll gr oup

4, 8- bi s(net hyl t
Ierf | uor I@Eé @%éfefpﬁégr B?%%ﬁg'é’??féf"’i}h %{?YSOEL@gg&?{EPH%@? gasg'ilge{rﬁ%/ln eog?oup
but in Wlalkcyh dIkexyNEYI0ge Bryd tgpdBp pimtiBREN HebdihalsG k. tmmflbﬂpramopr&t@l larly,

when describing a partially fluorinated alkylene group this is an alkylene
group i nP@ivalenpar dspuRhas Weaired 8rnvabe mse AR éhipdaventiepl Reeteseptativeor i ne.

Al koxy r ajeg b C h Kk Y bon at oms,
and |ncF§8 @P o?kegga%%t &?Qﬁﬂ%ggg g?ﬂgﬁé,Q%M%?%dgﬁgwkﬁkg ;gboxy, nbutoxy,
|sobutoxmaphwwkmbetmpyenWQQmsyknxyehhexyloxy, hept yl oxy, octyl oxy,

nonanyl oxy, decanyl oxy, 4-nethyl hexyl oxy, 2-propyl heptyl oxy, and 2-
et hyl oct yl oxyThe term ( m@tly)bcgﬂlalepefmsno anethécrytat@ 4r cerate, ahdnsmilady,udi ng

phenyl ap ant hra bi phenyl s, bis-phenyl s,
tris- pheb??é‘%ﬁaﬁfﬁgasn t%ﬁ@@BCQFﬁFrggoups may further be substituted

with any of the a roprlate substituents e.g. alkyl, al koxy ﬁ% or aryl
groups nenti onB8 Ply@ERSSVBIS Sventign | pay ati?prsdﬁmeétzédp'ﬁ'?ga?’é/n awdl  groups
as desir ey H?d otPg) da‘ﬁohh%ﬁcﬁ Iagefpéé %.cd?wﬁﬁ&nzﬁbhvl%.ﬁg%n@é@@

di val ent ary ups, I'ene, 1 nclude phenyl enes, xylylenes, naphthylenes
bi phenyl é’hespolami@rtmey IbG(éyntheSIZed Usiieg t@duhoqlmmglamylb@;tke suspensiono
nethacryla e or d h) a | i

met hacr yP| é/ nbefnzg %)'a He: IiKE. ﬁ?hnéblgh&ysr’ré)&gﬁ 'tgf %}/%ﬁ%n %@eﬁ%&@n ”%%9

synt hesi gre eusollygweawthkawwmghtret/ém@eoﬁolpohmrrweigmtfnoaﬂab&umhomtd atamtr adi cal
polynerlzatlon usi ng a catal The pol yner may be synt hesjzed usi ng

sol ution8 éﬁ@b§ﬂ8ﬁ”gwﬁl omg @ 9@h§#8%’5%|%ﬁ%¥.%%§9@ PetH%WéFQES”The

pol ymer s mv/m? SF {RVRSH-IRAc A pBIyRRrE TRhEALAW I8 186 Wei tFH?/IeVJQ%rmWIetchla'i‘ wei ght
aver age nol ecul ar wei ght from about 1,000 to about 30, 000, ;referably from
about 2, @@ﬁghtcarmbuhmls4beowberwep@@§/m®@@ﬂ@n wylgblwwamoar@fe t.Pde-radi cal

polyners i v i t he
nunber aagﬁgg@%ﬁgw@cuWQQQUﬁﬁ\ggbh%hﬁfﬁg%SgR%fon1%&dﬁfgg?%vﬁgg%ggrgathe

nmol ecul apemeghirscmbn‘taltmgraphy/r@he @Yy niver @fethetpmmtﬂ nbyelgsimpguesiticeramiagn

chr omat ogr aphy. The mer, of the_present 0 itjon onpri se

St r oot o BoeySe sORuRS LB e adin B 30attid gl shuttie (B R T he
range frepababh d8bR00190 861ed) gt étmdtwee(sm the rartRe fraﬁgﬁbcwtorrs@bout
1-50 nol e% Other units when present may be in the range of about 1-40

mol e% oMmagBuOthenanitiowben present maméec@rﬁfafémm poabaft 1-He naelg¥mios pol yner

and t he 1 ound, based on total solids can vary dependi ng on the

tltanlun%%ég¢€2$rﬁ@gglred in the final underlayer film The concentration

of the titani in t Q | r ermne the
final titaniuiﬁ%o(ymgﬁnéﬁﬂfo cur @gpqﬁhgﬁ?ﬁy @ ﬁ%ﬁi% 6?&$%é{organlc
pol yner basémenn@webommﬁv&nyodepmﬂmgaorytrﬁé ﬂmh&bﬁ@bn&nlrwnml%me about
90 melght@6based on total solids; the concentration of the tltgnate

conmpound TB&HINAEFAYET Y- h6 AONEBNFRYYhebi e dilalumindae 6omePgHPI:H4<Ea on
total Sobbrﬁiﬁg Ig?@ce%@ SHPEBIPmiRY tHPRRA HMBBIULE cbhicAh ¥ 8fe duléy $RACEALT ation

can range bout 10 weight%to about 50 weight% of total solids. For
pol ynmer i contengmtioni ¢f thet arganis potyneercionthenneveli eampesitiorange Varprfrabout 10

nonpol ynpPd el FEOLT Sl Bt aJ R Ol saREE L ooheEafian®! e
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The titaniumcontent of the cured filmcan range from about 3-60 wei ght % or
about 5-60 meight@bor about 10-50 weight% after a 205C cure, as neasured by

el ement alyy, The curing conditions determne the,ip BNt ent  of
P q¥H1 1

the film the dﬁér the curing tenperature and/or |ong e? % e durlng tinme

t he hi gher the tltanluntcontent In the enbodlnent of the present

i nventi on where the underlayer nmay also act as an antireflective |ayer,

that is, sufficient chronophore groups are present, the refractive indices
of the underlayer, n (refractive index) can range fromabout 1.5 to about
1.9 for the refractive index and k (absorption) can range fromabout 0.1 to
about 0. 6f tte tit8Batenceenpmaid earweary| feemgabouThe weights oi dbout 991%5@kightas an
antirefl§ct|%e cogﬁl ng ﬁt t hi s wavel engt nd as a hard mﬂsk The n and k
val ues c Q| [Qipla ol d%si ré afi"efre Q PErnonpolyneric (fangtesa gy | am
W/ASE VU338 ddfetdtioRseuretfige frbm ayaet 1(‘7@tlé~lgﬁt%’fto AR UO B0 we@ht%n&emélor k and
n are dependent on the exposure wavel ength used and the type of

appl i cat sekds. THe ealymericiligpomrieniitanatgss ether cercendiagent ean kange et 0.1 to
about O. r i ou o about
0.5 Aoofhft Wort B o ReRIE A BRI Sahd: of so%orBe kit T Sn ey
cont ai n theweomyidlyrAgric andlipolymési titenagies ¥Yhaf bé hisot bxt a$e$oI ids in the
solution, or 2 weight % - to 30 weight %of the total solids in the

sol uti on. TheTaeInitahramrnmimntcﬁ tiod cliredl fundear eygle femratabogt 8BUPAsightoen are

m xed with SO nt or res sol vents_t hat solve the solid
ComponenPLaBeit B0 MEIORIZh pbebpyct CBaMAIY UsatPoRREo L NS MERSTRE
under | ay gy G&AkhRY aﬁgmggsmﬁeoeuwcbm &%edet&m.r%ﬁtaoh%mdnq%htaté%ho' s
(C1-05) such as isopropanol but anol , t-butanol, 1-pentanol

4- et hyl the filmethieahigher athgqutf@g tﬁtrmeratslr@tartw@n@ngleydm caridg pirogythene

gl ycol lveo ative such as ethyl cellosolve, nethyl
ceIIosoIvé%e%ﬁg%@ éﬂ@ﬁ &% nononethyl et her, diethyl ene egcoI nnnonethyl

cther ! pr 3;3&1@%%%%9" IR PRSP gy SR R Eno YR it

et her; aagl ysah witifsfTectioé edyctethiay &, lswﬁrcsem Rhasmephvre grelipoard presapet at e,
nethyl cel |l osol ve acetate, or praopyl ene % ycol ~mpnonet hyl et her acetate;
car boxy| Hesh@agive gulicasgfithg usdstlayernniiatictive idexy can dangs, fromcaiotte:

car boxyl ateeg, AlofliTHas ¢ eaf@frgénv%%aeﬁépe'keeat%bafﬁtsh%sn Sirsiaabdm! onat e;
di car boxyl ates of glycols such as ethylene glycol diacetate and propyl ene
gl ycol dPdctst albaut (et Hpdrron expastrexyhvalesgtbudhe awvaktiihyis wseftlaasanet hyl

| act at e, drox te et one ester

such-as. ARURYPoRsY GOURE B A PS4 HaB] RBE" ThE i €haReac®

met Eof(yebmn@calcﬂllditeeiystd@ﬁmblllpﬁ@mété(px%tﬂﬁabmﬂ 1A, \amodamﬁNlée'rAwhvg as

met hyl 3- oxy et 3- et hoxypr opi onat e, et 2- hydr oxy- 2-

met hyl pr 8 o:@t@‘)?flﬁtgﬁgﬂ'fﬁ/ﬁé? %’H?%tﬂfotﬁﬁt ‘é&”ﬁ”'@etacﬂgésdéw ikvapndvid 9§€1ch as
y yeén th pos en typ¥

met hyl  efByéndeti 0H§ thaCekybsiie eWans &t}ﬁch@@&“éﬁd’%@ % CbPha%ﬂBé’t

2- hept anone; a ketone ether derivative such as di acetone al cohol nethyl
et her; aTkeitalhefail1O8hon therreteredaange Horak imebowl 0.drtodibatié Oheard toohol ;

| act ones I tone; an am de
der|vatlgggchﬁ%égggxﬁ%tﬁy g@%ﬁ?@ﬁﬁ%’or éiﬁgﬁhenbggnantde ani sol e, and
m xtures ther antirefl ect|v% coatn g %ﬂEPSItlon npr|ses

t he pol yner aﬁ@e tuﬁgetlﬂea{ncé)ta n@oﬁ?ﬂ?ﬂ?ﬁ&'on dt GtRTEPeL Ht@aw Nadded to

enhance 1 tweu mr%qrarmmm sofwénbm%@atnenmtaleswds h@w s@hﬁ@hcarsz elght8s .-
alcoholsz al cohol s, | actones, Cl1-C20 alky carboxyllc acids, surface

| evel i ng Oaégﬂt%igfékmf Eﬁ‘ﬁt@&%fsot@?éﬂ' t%ﬁ?'ﬂ'ﬁ?” detﬁ relic comenRAta @f KBe oest er s)
1-20 wej, f | | i ket one

(1220 ey SR b0SF oB2 WEmBRblbRiart 2o 3ot apmefl 8 K S S or, o

phot oaci thagdisspbredhe setld comp@mpmsofdhe danatdttemyvebpszqm@t adiitkblecsdvants) and

di al koxy bet.a dlketone can b benz acet
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| evel i ng(G@EHt Sue aslisbpipanbls reBitahel, ptcw@ﬁcbtyhe;s@mg,hmcgtd weegsy - et her,

pol yoxyet hyl ene ol eyl ether, polyethylene gl ycol octadecyl ether,

pol yet hyl ene gl ycol tert- octylphenyl et her, fluorine based surfactant, and
silicon based surfactant. Surfactants with the follow ng trade nanes nay be
used, Brij30, Brij52, Triton X-100, R@430, etc.




The novel conposition conprising the polyner may al so conprise an acid
generator, and optionally the crosslinker. The acid generator can be a
thermal acid generator capable of generating a strong acid upon heating.
The ther n¥P 2 QEVU Ydnerator (TAG used in the present |ny€ﬁFP§HNWH§“be any
one or nore that upon heating generates an acid which can react with the
pol ymer and propagate crosslinking of the polyner present in the invention,
particularly preferred is a strong acid such as a sul fonic acid.
Preferably, the thermal acid generator is activated at above 90C and nore
preferably at above 120C, and even nore preferably at above 150C. Exanples
of ther mderdsidl SYNIMIOER A EhJRhEl gl iécﬁearﬁiubrfo‘b A8 GI9Ed1S gadIgedi e um
salts, such as triarylsulfonium dia l'aryl sul foniu 3

di aryl akydesiyptivni sushs ads sethiyl sc¢lm$glvmnrrmti¢yle@pﬂm$the amr@tsylene glycol

aIkyIaryll yl ts nu hi | ci ds;
and ammoni ﬁﬁ]&ﬂ%%&'w%h;%mdhrwg %Inh@?él ﬁrﬁﬂﬁ%{hﬁ}[} gf?ﬁrBﬁ?u?n gfy%ola

t et r aal kyhemsahylusthes) u@raﬁylaier grygondnn@uhgl edh) Iprcspwéned@lycél $iopropoival ent

t hernmal acid éger ators envij %fed as useful additives for instance

sa
2- ni trob@rﬁ'i% tethyens g CQ&/T"”&ﬁth\élre;ﬂP%ru Pred ethgraestanderbiative stehess of
sul foni ¢ qagyid cuibsdivd haearald y n‘?&ﬁﬂ”%ﬂ@sél@e Oh¥Etatd €S ?ré;ﬂn%ﬁe a@! S
Exanpl es are di aryli odoni um perfluoroal kyl sul fonat'es, diaryliodoni um
tris(fl ucm@mrngﬂhy Btfmnwcptmehb@r@oxwamwc&uaﬁ|euiinyl acetate, n-butyl acetate

bls(fluor I | £ I t (o]

bi s(fluor g@l E % gd?n%I %grb g'g?ecf g*;c{ éonlg(lc’j{r%g ogrncauﬁ edr're*ntgy g?xglr%%rﬂnﬁim

per f Iduor Qﬁétlgylhmld)rialéadlearﬂﬁxwmsegf @lf,/célagubla &Sétaylelne iyuol dcdmetm% |anUO|Sy| ate,
2,4-dinitro y]. at i njtrobe tosyl ate, 4-njtrobenz ’
oyl at e.P ARG ST Sisheies A Brony CPTIAIASoHEn 5. TREYGREI!

4- chl or oheng eagsie! E@@%@colaf’é 'aanLé%ﬁW‘Sih réxgipma.ér%snéxlatoﬂeras&érosuch
benzenesul fonat e; phénoli c sul fonate esters such as phenyl, 4-

met hoxyb@szanethyi fpyravate quateshylamyruwaienianm alkoxy alcohol such as 2-

e LR ORbAA T CORLL B an AIUARELIR S E¥ler BUBPAL W3-

bi s(fl uoroa n|u organi ¢ such
as tri et myétaoxgpropionatd,t okethy0- casmmwmmona:team deth&d var pelydrondy-2r omat i ¢

(ant hracene na hth | ene o F zene derivati ve%%9 ul fonic acid an]\ne salts
can be elTBYREPPINGRCorRBNY ISP FRIORHES. k1 dRbalVR SuFTsas mRVINos
3, 474, 054thyt k%%e7%%etyﬂa35t%n@65yc%&erﬁaﬂ<§’79 Q%@loh@k&i&f@@d Y-hTeB@anBﬁ@ \Aﬂ Il have

a very low'volatility at tenperatures bet weén 170- Exanpl es of TAGs

are t hos&etpsiedethgr ﬁtemu\gatnvmﬁy@ rascdjageigee alephol meind e@t@(' aetane JgeholTAG s

are Nacurge d b acid

am ne salt sgtf)‘% |€(gpag%@ A)E%g%@bﬁ ydl?%%ér%gﬁ?’é%e%ycolba%é %810%& her
from Ki ngmUr‘ghmtnal-\&ﬁarol\mmAmlek anCamide Oéﬁ&zuvelﬁ%h as dnmethWaeetamddelc&yer
coating c ng lgtl on ltds coatled on the su te usi ng techni ques wel |l known
to t hose WRFIYVEYMaMidgeagisple, ?U I‘P"é&"?ﬁ spin coating or spraying. The
filmthi cknesa_ of the_underl a%er coatin ran es from about 5 nm to about

400 nm pref er 861 gntirgBeciivel BOFRG §02H8S 0@2@9%%'5%@%@931% ARAtthet her
heat ed 0ROt cPhFITPT alvPHREL IcBh V@At (Pﬂiay"1 beiddaeb et Jneaatd @k tinme to
remove any residual solvent and induce curin and thus insolubilizing the
ant i r ef | @etforreanesaef g Q@tlpgee@nﬂowem@whow -Betaleaheln) halkexyaleadtdisct | ve

coating e bayer o]

t enper at %‘r}g rﬁésg F Y OaBo 8 g%&éﬁ' @gt ‘é%%(% '%Jré?a@ %&iﬁ%@)&%@ﬂ%uf 250C.

The prese¢stal solihs)) dWoxgthB(hmgadﬂB@tobﬁefs:)a(ﬂeZ{) QueRghtod loers- ham@m% |lafyer s of
uch,as a h gh reater th 80% or 85%

or 909 GiFk SAICSS PGy bIS(EYE WRRPRRD 120 eGP St IR B BHaluni ch

t he U”derstPd/s%r trfé?ﬁ‘utal Bgid eﬁé?éﬂ??dpﬁélﬁaéi@ r%rt@l@SExbW&abi Mna‘lk%%’ in the
sem conductor industry ui tabl e substrates include, without limtation,

| ow di el @tﬁ(b@tédl@@mﬁsmiﬁ) résde diagkaxy bls(b@andikgtqnedownsthtacatyéeczemead with a
metal su r co n en, Iumn po ric
resins, %ﬁg@la&%g@% de, @%‘egfglﬁ@dr%q R 1 3c§§t%§8(8)'0n Hélpcon Xride,

t ant al umacptmkayelalte Smmf,aceeemnngsageﬂtslm mwnfbcmpmebanmbet pml@éthyl@abl glyktmar seni de
and ot her such Goup Il N conpounds. The ubstrate nmay al so be other
antireflective coatings or underl ayers, such as high carbon underl ayers
coated over the above nentioned substgt es. The substrate nmay conprise any
nunber of layers made fromthe materidl s described above. A film of
photoresist is coated on top of the underlayer coating and baked to
substantially renove the photoresi st solvent. An edge bead renover nay be
applied after the coating steps to clean the edges of the substrate using
processes well known in the art.



Phot oresi sts can be any of the types used in the sem conductor industry,
provi ded the photoactive conpound in the photoresist and the antireflective
coating gwggﬁﬁ%y&%hly absorb at the exposure wavel engt hpdsgdi9hobie

i magi ng process. otoresists useful for inmmersion Iithograp%y are
preferred. Typically, photoresists suitable for inmaging with inmersion

it hography nay be used, where such photoresists have a refractive index

hi gher than 1.85 and al so are hydrophobi ¢ having water contact angle in the
range of 75 to 95. To date, there are several mmjor deep ultraviolet
(uv) exposure technol ogi es that have provided significant advancenent in

m ni at ur dedecyd rethem gotyoayethyledeatieyretbér, 24Byatnyled® glyvo| otadeayideth8r,5 nm
Chemcal Ly, anplifie hot oresi st are, often .used. Photpresists,faor 248 nm
nave +ypPoiRI e BO6R0BEAb Tl fof dRBars el B et aiopd

copol ynepbasédsuadaht Surfagintawith S RIIBRER ird@snhmeYmdy B8 LisE43B/@Bd, US

5, 350, 660. On_the other hand, photoresists for exposure at 193 nm and 157
nm r equi B&jFodiiebiekl0: FFIBPnBiCs since aromatics are opaque at this

wavel ength. US 5,843,624 and US 6, 866, 984 di scl ose photoresists useful for
193 nm exposufl Be ne¥AkeUNPYsitigTorymBrsing dre aPkyMeg rady akgeldomiggrascagidons ar e
e o gBGHRSe Shi ol PYRO BRI AR Wng Ui BenBhh Y £ e dhaRg DopS are
i ncorpordted iTnto the po r-ror many reasons,” prinmarilTy Sinhce they have
rel at i vebyidhggterator bmpable bfy Jengrating & stvsngvaicthupompheatngt The tiesmsdiance,
they al so provide tr arency at | ow wavel engt hs,and they have relatively
i gh gl adgkgeneEricr FAGERRE I tieceSeRt '8 aniondsay BPNRIROBRAES f or

phot or esipbn hieatinggenélated aﬁécmwﬁibﬁ%ah%bgmitmﬁdwpmahhe 'bropadBb €i C

anhydri de and unsaturated cyclic nononers. Any of thée known types of 193nm
phot or esCEISslinkERg 196 the eglynerciprasentindbe dewantiopegartisulagyareferresBs and US

6, 723, 48 i a el 4b . 1.C of

phot or oo P00 Sl RBE B0 SuBRcL Ay ir BRI RE, heHBal BB o dIdSRERs "W ¢
pendant &tlivatedlat aibolve ®00CPsnd afcte kyrefenalblg dreabmwbest20tC, alndyeddrantpar ent  at
t hat wavel ength. One class of 157 nm f| uoroal cohol photoresists is derived

f r om pol prafeabBoat abaventdGoubsamalas efdhempdlradidgeaciaieredrasnetal-fragd are

honopol y | 7 i i r uch as
e s R R S P S R T N T el

cat al yzednddiargidkgaulfgrilimreaits ofstrong nGasmerckddphilictdvidse  midytarylaldonginve hi gher
absor ben ie@. but . have @ood pl Fsma etch resi %tance. ue to,their high

al i cycl i 8 2RGioPRRMM VSRS r 8EeSITPYY Dogrnpaleqphilics 7acids s | 1t o AMIBHIH Mool yrrer s
was descaikhREnrhonivhi, dialkilamPe iR tharEEeR’Nivm dedttasdIdh PBhiure salts

cycl opol yneri zati on of an asymmetrical diene such as

1, 1, 2, 3, Sf pleoncnen preleaprhilic pLidsr dHee. ppyalenkiharoe) acig-gensratarseae qles

6, 818, 258) . it Zad 4 0 ; i ' [ U

6. 16, 500" AL R LRBI ARSI oife? - ARBLtD Be SEATSE L e

t o t hei r atyismdfionil aaigs bind othentestdrs af solbopareid witich teerfallg decampbee tene

pol ynmer, have | ower plasma etch resistance. These t cl asses, of , pol yners
can ofteﬂ'VSeﬁ%ﬁ’ e‘:\r(f\ﬁ%@fgt%c'%?'o Izargplgsb%{paﬁgg%g?%%p@ﬁ@oma@fﬁ%ﬁf&qap%si stance
of the fdigfliogehiurer type anffiddiealRighiférydnsapidency at lgiarfivdehidnme second
pol ymer type. Photoresists that absorb extreme ultraviolet radiation (EUV)

of 13. snhisHfusreglkdsyltasylimethidear ediRAYigdoniing he bis(luorealisylspiieniblimisiest s
absor bi ngj i ickiBRiu r&quéte?rpé? tarhdAilnk O%Qrﬁ%%a%glgum%.eﬂaﬁ\y‘gg of e novel
coatings can also be used 1 n process wth nanornprinting an -beam

resi st s. labile estergf t 2mittdtenzyglatosylgte rhé-egstrobdreyptusyate 2,6 4dinisobemmytw se
exposed., The exposure y. be done usin i cal exposyre, equi nt.. The
exposed Eﬁéﬂ%& ’e‘g"lngfoqeggﬁhté)ﬁw@g%e Y& egyﬁc}/ e GUEL£SY '\}'?équt?g%m%m;"bénove t he
treated pifebensdi s4-chibhsheheupbam@hates MI-gffiebrdthathre-attspeusylal Kaittare
solution conprising, for exanple, tetranethyl anmoni um hydroxide (TMAH),
typi cal | henzergsyiionmiens mencliThesytanstepeestesy fuchherascohienye 4-
surfacta ' h ' be: .| ' - fhe
orocess. T e A A SRR ErT el sl MERIRGR BRI AL
coat i ng amilquategiangglioh ehonesust $s(flsomealklylskilmwhimide; lkglearsikiohlumd saits t he art
and is optimzed for the specific type of photoresist used. The

phot oresi st patterned substrate can then be dry etched with an etching gas
or m xture of gases, in a suitable efgh chanber to renove the exposed
portions of the underlayers and optional other antireflective coatings.
Various etching gases are known in the art for etching underl ayer coatings,
such as those conprising 02, CF4, CHF3, Cl2, HBr, SO, CO etc. In one
enbodi ment, the article conprises a sem conductor substrate with a high
carbon antireflective film over which the novel titaniumunderlayer is
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Each of the docunents referred to above are incorporated herein by
ref erence in its entirety, for all purposes. The follow ng specific
exanpl es rovide detailed illustrations of the nethads ofHErodum ng

and util |‘§’Pr%8 22’8%‘89 tions of the present invention. Th&S&TBXIHPNIEY are not

I nt ended, however, to limt or restrict the scope of the invention in any
way and should not be construed as providing conditions, paraneters or

val ues which nmust be utilized exclusively in order to practice the present

i nventi on. Exanples The refractive index (n) and the absorption (k)
values of the antireflective coating in the Exanpl es bel ow were neasured on

a J. A \Warbanc \gRi3 Zueh! AP §RABYI&hmonium salt dheoEahRRLlafonRi 8. Af the
pol ymers was neasured on a Gel Perneation Chromat ograph. Synthesis Exanple

112.9 g V@fletyseb@mﬁtméﬁr&hrw& @69%@% OhbeRaens | Iéaw\m) BHHRnicH) , 7.7
0 s her 4y FERRPGAN oo Dol 22 O SR LB NS 0, o
et her Pat. Nos. 3 474,054, 4,200, 729 4 251 ,665 and 5,187,019. Preferably the TAG

will have a very low volatility at temperatures between 170-220°C. Examples of

TAGs are those sold by King Industries under Nacure and CDX names. Such

TAG’s are Nacure 5225, and CDX-2168E, which is a dodecylbenzene sulfonic

acid amine salt supplied at 25-30% activity in propylene glycol methyl ether from

King Industries, Norwalk, Conn. 06852, USA.

The underlayer coating composition is coated on the substrate using
techniques well known to those skilled in the art, such as dipping, spin coating or
spraying. The film thickness of the underlayer coating ranges from about 5 nm to
about 400 nm, preferably about 10 nm to about 120 nm. The coating is further
heated on a hot plate or convection oven for a sufficient length of time to remove
any residual solvent and induce curing, and thus insolubilizing the antireflective
coating to prevent intermixing between the antireflective coating and the layer to
be coated above it. The preferred range of temperature is from about 90°C to
about 300°C, or about 160°C to about 250°C. The present underlayer coating
may be coated over other layer or layers of antireflective coating(s), such as a

high carbon (greater than 80% or 85% or 90%) content antireflective coating.

The substrates over which the underlayer coating is formed can be any of
those typically used in the semiconductor industry. Suitable substrates include,
without limitation, low dielectric constant materials, silicon, silicon 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 IllI/V compounds. The “Substrate ‘may also be other
antireflective coatings or underlayers, such as high carbon underlayers coated
over the above mentioned substrates. The substrate may comprise any number

of layers made from the materials described above.
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(PGQVE) solvent. The polynerization reaction took place in the presence of
1.5 g of azobisisobutyronitrile (AIBN) at 75C under nitrogen for 6 hours.

Af ter co%bgg}zzﬁ%?to roomtenperature, the reaction m >f,k|1t{1|§2d)\@,§01219

precipitate oni zed (DI) water. The white polymer so was washed
and dried under vacuumat 45C with a yield of 35.5 g (99% . The wei ght

aver age nol ecul ar wei ght neasured by GPC (Mv) wasl18, 000. Synt hesis Exanple
2 9.7 g of MA-BTHB-OH, 5.8 g of benzyl nethacrylate, 5.1 g of

2- hydroxyet hyl nmethacrylate and 6.4 g of glycidyl nethacrylate, were m xed
with in 120 g of tetrahydrofuran (THE) sol vent. The pol ynerization reaction
t ook place in A filen pf peetoeassistfis tobted @t topl @Nhatundetayadesatingtarepieakddor 20
hrs. After c%ol in%”down to,roomtenperature, the reaction m xture was

preci pi t 4P SYPPIRNBAINERTROVE igePhipiPiesis soMeat: 40 fdpsRgadsneveranadY s ed

under vaciyyieat | [ o
measur ed by Gl%Cafﬂvx“}/;rsCt qéQtdgggnySéjhgshgts)l él‘ég)ﬁ(a?rwpel( %% % ?LSJ%%%U(B%&B%T%& 6.0 g

of st yrenwocaspeggvalfkrnpviyiartb& @pr opyl met hacryl ate and 19.0 g of gl yci dyl

nmet hacryl ate, were mxed in 200 g of propyl ene glycol nononethyl ether

acet at e ( PGQVEAhdwkesista carThe gyl 9fintbeitypes vsed entite semicon@ugbameuistryt he
cool i ng

f Q. 97 f ALBN at 75C und it f 4 h. Aft
Goun 1o rovtedipl, SharpatiieleorBaubioR A PhPE s frd g eatreletin
wat er. Theathg tstibprinyigy absbibdatife vRsdwMe avsl cirngtl usedeor RS Ukhaytlg 45C
with a yield of 50.0 f>99%. The Mwv of pol yner rreasuredegy GPC was
e

18, 500. ~ SYREeHSsiFdoisraRsiseuselyl forgmaergiengitppdrephy irg Rjetragerdapically,
met hacr ylofore8i8E dittaBlefoP im8bing ¥ immersion lithography may be used, where
such photoresists have a refractive index higher than 1.85 and also are

hydrophobic having water contact angle in the range of 75° to 95°.

To date, there are several major deep ultraviolet (uv) exposure
technologies that have provided significant advancement in miniaturization, and
these radiation of 248 nm, 193 nm, 157 and 13.5 nm. Chemically amplified

" photoresist are often used. Photoresists for 248 nm have typically been based on
substituted polyhydroxystyrene and its copolymers/onium salts, such as those
described in US 4,491,628 and US 5,350,660. On the other hand, photoresists
for exposure at 193 nm and 157 nm require non-aromatic polymers since
aromatics are opaque at this wavelength. US 5,843,624 and US 6,866,984
disclose photoresists useful for 193 nm exposure. Generally, polymers
containing alicyclic hydrocarbons are used for photoresists for exposure below
200 nm. Alicyclic hydrocarbons are incorporated into the polymer for many
reasons, primarily since they have relatively high carbon to hydrogen ratios which
improve etch resistance, they also provide transparency at 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. Two basic classes of

photoresists sensitive at 157 nm, and based on fluorinated polymers with
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met hacryl ate, were m xed in 120 g of THF sol vent. The pol ynerization
reaction took place in the presence of 1.0 g of AIBN at 75C under nitrogen
for 20 hrs. After cooling dowmn to roomtenperature, the reaction mxture
was preciPBP2AEGM4A DI water. The white pol ymer solid wWASTRBXAENIARD dri ed
under vacuumat 45C with a yield of 27.0 g (99% . Synthesis Exanple 5 9.7 g
of MA-BTHB-OH, 5.3 g of benzyl nethacrylate; 6.5 g of 2-hydroxypropyl

nmet hacryl ate and 6.4 g of glycidyl nethacrylate, were mxed in 120 g of THF
sol vent. The polynerization reaction took place in the presence of 1.0 g of
Al BN at 75C under nitrogen for 20 hrs. After cooling down to room

tenper at LHe%dghhﬁuér%ﬁFthBlngmubB,U,ér‘%a K@&Nrﬁ)rt@@epéﬁt%tt&ﬂiéﬂg égvr\}s‘fﬁ’ﬁFezﬁ at thg white

polymer solid was washed and dried under vacuum at 45 yield of 27 g
(99% . Sywavelsnigih.Ex@npldass of 15 om flwereTleBhaHphstogesistefis desiviegl tiexy |

met hacryl at e .5 qg.0f. 2- xyethyl_rn A n .5 g of _alycidyl
nmet hacrylpgﬁyé'?er r%&ﬁ%}95§ |%¥)ﬂég &ﬁgﬁ ¥ @%&\%‘%ﬁ%&'ﬁéﬁ)@ rboq%rreﬁglgat?%n
react i on Hoadpalraskzédnot sepplyeeenee with dtHergrafspalditl mbnadersisdet asi t r ogen
for 20 hrs. After cooli &g§d8\/\n to_room tggpeﬁt]@ure the reaction m xture

e I

was pr ecitplirgfiitoseethnepp /PRSTh RS 9,361 ) dUsieg GihsRedeldd dri ed
lrJT'gggLr \ég%é% Qﬁ\gga\fﬁgail‘dgﬂ%@ﬂi&ti%h. 27Géndtaly Fthese ThtdAM ST gitd1enigiadry mer
absorbencies but have Qood plasma etch resistance due to their high alicyclic
content. More recently, a class of 157 nm fluoroalcohol polymers was described
in which the polymer backbone is derived from the cyclopolymerization of an
asymmetrical diene such as 1,1,2,3,3-pentafluoro-4-trifftuoromethyl-4-hydroxy-
1,6-heptadiene (US 6,818,258 ) or copolymerization of a fluorodiene with an
olefin (US 6,916,590). These materials give acceptable absorbance at 157 nm,
but due to their lower alicyclic content as compared to the fluoro-norbornene
polymer, have lower plasma etch resistance. These two classes of polymers can
often be blended to provide a balance between the high etch resistance of the
first polymer type and the high transparency at 157 nm of the second polymer
type. Photoresists that absorb extreme ultraviolet radiation (EUV) of 13.5nm are
also useful and are known in the art. Thus photoresists absorbing in the range of
about 12 nm to about 250 nm are useful. The novel coatings can also be used in

process with nanoimprinting and e-beam resists.

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, tetramethYIammonium hydroxide (TMAH), typically 2.38 weight%
TMAH. 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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Synthesis Exanple 7 13.2 g of MA-BTHB-OH, 5.9 g of 2-ethyl hexyl
met hacrylate, 2.9 g of 2- hydroxyethyl nethacrylate and 7.4 g of glycidyl

nmet hacryl ate, were mxed in 120 g of THE sol vent. The pol ynerization
reacti on WAS'R/178/¥d in the presence of 1.0 g of Al BN aPCFAB2MBYER1 t r ogen

for 20 hrs. After cooling down to roomtenperature, the reaction m xture
was precipitated in DI water. The white polyner solid was washed and dried
under vacuumat 45C with a yield of 29 g (99% . The Mv of the pol yner
measured by GPC was 19,300. Synthesis Exanple 8 18.5 g of MA-BTHB-CH and
12.3 g of glycidyl nethacrylate, were mxed in 120 g of THF sol vent. The

pol yneri ' : | AL GRGE ; at 75C
under ni ? f}{’)ﬂé’g%'?g‘?%ééﬂ% ts%«? t&é@bcoo FHr%S g%ve?lﬁ%g roo%ﬂbe%rnpgtr(%{ﬁ g,éét%k}lle
react i onmiktuteuobgases, pn eciyitabket eldhiahabibendo eemovadhetsixpesqrbporionssdl i d was

washed apd dried under vacuumat 45C with a vield qf 30.2 .0 .(999%.

Synt hes, Beciieifayee Si 8RR herametlaqtg bafnds Variisrudybdirbes

met hacr yhas Rné@we i the @rtofor @tottngyihderafarcdostiags, suedr &s thogedcdmpadigg of THF
solvent. The polynerization reaction was allowed in the rﬁ‘gesence_ of 1.0 g

of Al BN &k €66 GHberClaiiBogSe (. elo Inrane epnpadimend) theprigfsomprisssm
t enper at Yr Lot H&IIRGCLIHTalE Wit £ AH6A! PltitéRive Fir oV Ghich the wWhite
pol yrer sosl%lny was vvas%e% gnd Jri egvé%ﬁ%er vaculum atV4SC ’WIO\%I% \gﬁlgpeﬁd of 29.8
g (99% . nQeetpiterivinvendeyliaybreisi @atecafpplotoftesist layer is coated above this. The
photoresist is imaged as disclosed above and the titanium underlayer is dry
etched using gases comprising fluorocarbons. After the titanium underlayer is

etched, the high carbon film can be dry etched using oxygen or oxygen mixtures.

Each of the documents referred to above are incorporated herein by
reference in its entirety, for all purposes. The following specific examples will
provide detailed illustrations of the methods of producing and utilizing
compositions of the present invention. These examples are not intended,
however, to limit or restrict the scope of the invention in any way and should not
be construed as providing conditions, parameters or values which must be

utilized exclusively in order to practice the present invention.

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

Chromatograph.

Synthesis Example 1

12.9 g of isopropyl hexafluoroisopropanol methacrylate (MA-BTHB-OH), 7.7 g of
benzyl methacrylate, 6.8g of 2-hydroxyethyl methacrylate and 8.5 g of glycidyl

methacrylate, were mixed with 160 g of propyleneglycol monomethyl ether
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10 g of butanetetracarboxylic acid dianhydride, 7 g of styrene glycol, 0.5
g of benzyltributylamoni um chl oride, and 35 g of propyl enegl ycol

nononet hyl et heracet ate (PGVEA) were charged into a flask with a condenser,
t hermal CWRZPBYYEM3and a nmechanical stirrer. Under nitr 8§EABEHYOYRIY ri ng,
the m xture was heated to 110C. A clear solution was obtained after -1-2
hr. The tenperature was kept at 110C for 3 hrs. Upon cooling, 60g of PGQVEA
and 36 g of propyl ene oxide were m xed with the above solution. The
reaction was kept at 50C for 48 hrs. The reaction solution was cooled to
roomtenperature and slowy poured into a | arge anount of water in a high
speed bl E l@@eﬁpm‘? m@ér.&%%g%@%k%&@ﬁh ﬁq@%eygweyow bhy vwater.
Finally t po yner was I'ed in a vacuum oven mer was

obt ai ned ofi dadobMisabeganiéile MIEIMCMOTS"BD;J@M nltrﬁgemfmaﬁ hoursEMeplceehr@e

tit but d 18 df Al i ch . .M kee,
vé) e Mo 0 e ot aR et s v PRk G digided U e
i nmedi at e(lDf Watdrekise @niko p%@%&té?ﬁa W%%l WhHY aﬂ&‘@né@hH&é%dﬁ@ﬁw B xe¢ wel | on

a roller at’' roomtenperature for 5-7 days. To reduce the mxing time from
several daifs atyieldHf135.5 bd9a%gv Ehe aleight@vecage bwlgnugrareidhtameasursiddwat ed
terrperatu(g O(MWO 501 Ci?] 0% sol ution of polyners from synthesis exanpl es
1-8 and c ﬁﬁ W 58 q esis exanple were nmade in the appropriate solvent.
The fornul ati on was prepared by m xing the Ti BTP stock solution and one of
the polyner stock_solutions in proper ratios to obtain the desired TiBTP
cont ent i PYRIbESS BXaMPIRZal Iy ranging from 30 to 100% The sol ution was

m xed wel| for 1-2 days. The above solution can be diluted to achi eve the

requi red 9-¥19nof Nﬁ’f@ﬁé"é@ OH058 gbefl porzyvhmigtbacyiae.ovd 8 Rfmrhydiosmetybbi ity
and coat 'rﬂ&l*%ﬁ@l%t&é’ancﬁ%dd Y HPSIEXF,HgE nf%?héchlglga \2%% Fﬁ)ééos%tﬁeiﬂt $od %“8*1 as

| act one, car aci d, Yand agents suc
acetyl aca‘etraleydrafurare aﬁtﬁ)dscdwntnq heti bdymnzaiﬁim reactiopl okt plamedin0iEo

fact ant d 8¢ id f ent % f t st k
ol Ut on HESRHGe PnT APt ABLER7 B! Biodnadon PR s aATeRapIne e 11 Brr
stock solghbbfh Aberier: T fshtbhidiufe MasHesitiBalAD vakacknaakitd on.

(Alternatively, the additives can al so be added during Ti BTP stock sol ution
pr epar at mniyméosoleix\aa@vxeshad 200cdTieB TPdeo vacuwn at 4SOV Pdeid g286 g t h 2%

GVL can b k solution fo er mul ations.) Finally, the
m xture v@gm} 51\4 fﬂ?@mﬁﬁ "&eﬁﬁ“&?f@w% 1tgr’n(S(gd'pore size of 0.2 um and
stored for use. AI ternatively, the forrulation can be prepared at el evated
tenperatures as described in Fornulation and Coating Exanple 19.

For mul at | Y¥NthgaisdeXample Exarrpl e 1 10 g of Polymer TiBTP liquid from Al drich

was poured into a bottle. of sol vent PGQVEA/ PGVE 70: 30 and 1 g of
gammaval et @c@fdvlé EQWB)O!vlaé Oeﬁj geatyrenfe d0diepl2-hydieieropybosdhacsyrte

ol ution. I e I h n
SO Ut on 4 4810 B AFHCBMSR, Sl bl hisho kLS bR ERERS |
rol | er atmomneﬂwhp&mtaueeatédrPGMﬁA()i&pmentl 'Qhe)fpo&tnwuzaﬁohu'eiaotmn Goak of

PGVEA/ P 70;3 and 0.1 f GVL dd iLn bottle i for 1-2
s TroTRssin e presande f 9T erat kB S0 R-C UeRer Bltiadenaln ki By o 5 ze
of 0.2 Ur@ooTH& R berH"Etémtp@F‘d?uép‘flﬁ‘e GOALRM erkt@reswlabcpﬁgcrk‘)ﬁétéﬂ ihomy 40

seconds. The Toated wafer was then heated on a hot plate 1 mnute at
200C. TheNatheTmeay\éntecmmymag sabd veasaivwazkeed endadriggeonders wqmurn etl43€onet er .

The optim ﬁfd {rﬁi gg@l 5 IgggF)XThe Mv?tof %glgmrgrnmeasuredsgy %ra%: was 1%b§(?d ption

par anet erV

Synthesis Example 4

9.7 g of MA-BTHB-OH, 5.8 g of benzyl methacrylate, and 11.9 g of glycidyl
methacrylate, were mixed in 120 g of THF solvent. The polymerization reaction

took place in the presence of 1.0 g of AIBN at 75°C under nitrogen for 20 hrs.
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Forrmul ati on and Coating Exanple 2 10 g of Polyner TiBTP liquid fromAldrich
was poured into a bottle. 90 g of solvent PGVEA/ PGVE 70:30 and 1 g of
acetylacetone wer e added i medi ately to nake a 10% stock sol ution. The
stock solWPiZ8H/MAY3ni xed on a roller at room tenperatur & TAB2ZOMRY  days.
The m xture then was filtered through a mcro 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 then heated on a hot plate for 1 mnute at
200C. Fornul ation and Coating Exanple 3 10 g of Polymer TiBTP liquid from
Al drich was poured into a bottle. 90 g of solvent PGQVEA/ PGVE 70: 30 was
added | mmraio@hfyrg aad/nrtbxednpt@n@)err@tu@rthé @&adtion rﬂﬁ(‘l@ret\/@aé'rp@l;ﬂta%rﬁt ock
sol ution. g of mer from synthesis exanpl e and 9 g of PGQGVEA! PGVE

701 50 vorl WhteadT ViR GOlMEVAGIEIaSHAsHes RNdalrect anseraagugnaat TP st ock

solution 9 g of polymer stock sol ution. 5 g of
PGNEA/PGW@ﬂiagk%?gkgﬁéEbgKBGOf GVL was added in the above nixture. The
solution was mxed on a roller for 1-2 days. The mixture then was filtered
t hr ough q Bro_f | ter th a pore size of 0.2 um The solution was then

spun coat RSi? ?rPB waf er for 40 seconds. The coated wafer was then
heated on a hot plate for 1 mnute at 200C. The underl ayer coati ng

anal yzed Bh %ok A 5EEH: -819 Phbener dpetheprylaigt P g Z’BYQ’V%YH’W@YE ndex

" Al 1936RELARSo L ROcaNd A1) ARSORRIRRBY AL Sl P @ STy

Formul ati on and Coatli ng Pol ymer Ti BTP |1 quid fromAIdrlch
was pour exblviemt.ol e poltymeezamm @a@nos(bm}epllac@@\m PEYENTO 080. G/\gsofamaéld

im’rediately xed on r fQr 5-7.days to make 10%

Soront on Aty sRCoMaeK Steedert A s, ey ZouitiPuh ot o Ry o 2R ave
70: 30 Werr@aé‘ﬂdfrﬁ%nkt@ré’f% %réc@%é?@dj VAED| SstReK Fied L\Wm%npo nterobolld BAER st ock
solution was mxed with 1 g of polyner stock solution. 0.2 g of GVL was

added i n vwdshed andkdrigdeundeeasolmtat 3 Gagthma yietd oh24gr(89%e¢r for 1-2 days.
The m xture then was filtered through a mcro filter with a pore size of
0.2 um The solution was then spun coated on a silicon wafer for 40

seconds. SythesistExhmplect was then heated on a hot plate for 1 mnute at
200C. The under| ayer coating was analyzed on a spectroscopic ellipsoneter.

ggrea?rgz L [9 geg befmgoaég\rs -0ndex9" §" oft2-sh3IHEXYWafiethabr/ifted 3 begabsozpti on
hydroxyethyl methacrylate and 8.5 g of glycidyl methacrylate, were mixed in 120
g of THF solvent. The polymerization reaction took place in the presence of 1.0 g
of AIBN at 75°C under nitrogen for 20 hrs. After cooling down to room
temperature, the reaction mixture was precipitated in DI water. The white
polymer solid was washed and dried under vacuum at 45°C with a yield of 27.2 g

(99%). The Mw of the polymer measured by GPC was 19,100.

Synthesis Example 7

13.2 g of MA-BTHB-OH, 5.9 g of 2-ethylhexyl methacrylate, 2.9 g of 2-
hydroxyethyl methacrylate and 7.4 g of glycidyl methacrylate, were mixed in 120
g of THF solvent. The polymerization reaction was allowed in the presence of 1.0
g of AIBN at 75°C under nitrogen for 20 hrs. After cooling down to room
temperature, th“e reaction mixture was precipitated in DI water. The white
polymer solid was washed and dried under vacuum at 45°C with a yield of 29 g
(99%). The Mw of the polymer measured by GPC was 19,300.
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Forrmul ati on and Coating Exanple 5 10 g of Polynmer TiBTP liquid fromAldrich
was poured into a bottle. 90 g of sol vent PGVEA/ PGVE 70: 30 was added

i medi ately and mixed on a roller for 5-7 days to make a 10% st ock

sol uti on.Wé 2125761481 ymer from synthesis exanple 6 and 9P§TAB20BERHAIPGVE

70: 30 were m xed to nake a 10% pol ymer stock solution. 9 g of TiBTP stock
solution was mxed with 1 g of polyner stock solution. 2.5 g of

2- met hoxyet hanol and 0.25 g of GVL was added in above m xture. The sol ution
was mxed on a roller for 1-2 days. The m xture then was filtered through a
mcro filter wwth 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. The underl ayer coating was anal yzed on a
spect r oseypthesis ExpawheBer. The optim zed refractive index "n" at 193 nm
was 1.60 and the absorption paranmeter "k" was 0.47. Formul ation and

Coat i ng BkargpbeMa-B0HG-QH arel 181y afi @ygdylingethaciyiaien e inptedwas! 28omir ed i nt o

00 L PRt B PRl ot B B 180, ™

synt hesi 6f ABATEl B5°C @ndbritdodiin BEYBA. RAYE c40iRPdowR o FoorR derhperdie, a 10%

pol ymer stock solution. 7.5 g of Ti BTP stock solution was mxed with 2.5 g

OL dpgl ynibe reagien sukiyre Wi? @egilpéiateﬁdnmr PR Tbewhia:haotynsar?sqﬁﬂ \mdwas _
i i xture, T ' ' o 1-2 .
The i xt tpa b S548 Frog LR pL B0 S Bt Al B8 oP R S R o pore o1 26 o

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. TheYRiesis B¥amPidt i ng was anal yzed on a spectroscopic el lipsoneter.

The optin ze A6 rLwenin WY ption
par anet ejfs"z'f’kéi é/\f/:ypgggwgelggr drfﬁ?a% irbgnﬁgﬁr%&g@ng Exp’g‘r?r'g@@%%%gé? %E’O| ymer

Ti BTP | i glucidylf methashdatiec werasnipedried 20ng of 4 Hiosolvent. Sithegpolymsoization

PGVEA/ PGVE 70: 30 was added i mmedi ate nd,m xed A roller for 5-7 days
o make a569) SESAIOUBHR mPreregen et A g b EN gy 2y relnler SiaeBadPe 2 and o
g of PGVEgVHIGMAfER: HbIiNGT 8owh X@d rddin RatlPd0 B YBBEtion Aektup®lwad on. 5 g
of Ti BTP stock solution was mxed with 5 g of polynmer stock solution. 8 g
of PGVEAPEGRHated: BoDhvwateraddedvhite apbmerrgoliduwves waseed Ang dded wasderi xed on
a roller r1- Y, 2 r was filtered through a mcro filter
wth a p\()grcg'ug%%ttzféoi% @“‘333&%'310#?385 kél}i%z)n was then spun coated on a silicon
waf er for 40 seconds. The coated wafer was then heated on a hot plate for 1
m nut e ‘a 200C. The underl ayer coating was anal yzed on a spectroscopic

el | i psonkPEarative sypthasieaxampiedti ve i ndex "n" at 193 nmwas 1.75 and the

absorption paraneter "k" was 0.30. Fornulation and Coating Exanple 8
10 g of butanetetracarboxylic acid dianhydride, 7 g of styrene glycol, 0.5 g of

benzyltributylammonium  chloride, and 35 g of  propyleneglycol
monomethyletheracetate (PGMEA) were charged into a flask with a condenser,
thermal controller and a mechanical stirrer. Under nitrogen and stirring, the
mixture was heated to 110°C. A clear solution was obtained after ~1-2 hr. The
temperature was kept at 110°C for 3 hrs. Upon cooling, 60g of PGMEA and 36 g
of propylene oxide were mixed with the above solution. The reaction was kept at
50°C for 48 hrs. The reaction solution was cooled to room temperature and
slowly poured into a large amount of water in a high speed blender. The polymer
was collected and washed thoroughly with wateur..'Finally the polymer was dried in
a vacuum oven. 16 g of polymer was obtained with M,, measured by GPC of
20,000.
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10 g of Polynmer TiBTP liquid fromA drich was poured into a bottle. 90 g of
sol vent PGQVEA/ PGVE 70: 30 was added imedi ately and m xed on a roll er for
5-7 days to nake a 10% stock solution. 1 g of polynmer from synthesi

exanpl e V181297843 PQVEA/ PGVE 70: 30 were mixed to mak&CETH /BQ)llzif’rrer
stock solution. 5 g of TiBTP stock solution was m xed with 5 g of pol yner
stock solution. 8 g of PGQVEA/ PGVE 70: 30 was added to above m xture. The
solution was mxed on a roller for 1-2 days. The m xture then was filtered
through a mcro 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 then
heated on a hot plate for 1 mnute at 200C. The underl ayer coati ng was

anal yzed on a spectroscopic ellipsoneter. The optim zed refractive index
"n" at 1H9rmpatien Exawm the absorption paraneter "k" was 0.29.

Forrmul ati on and Coating Exanple 9 10 g of Polynmer TiBTP liquid fromAldrich
was pour ébeititaiua () blioxidgopejymker (i En} “(Pﬂ]!/ENnPMiCmCQO(MH‘daquﬁ of

acetyl ac i 8" fo ays to

e b 1 00F WS HBReAP iR pRTEHIALE dpoRlid X6ehllyBs B i Raidte 16278 10
of PGlVEAhi%WEa 102009, \stook mluxt&ﬂw tThensddetian ih@%mo(bumeéll sheckollepltvoan. 9.5 g
of Ti BTP stock sol ution was xed with 0.5 ymer stock solution. 2.5

g of PGVEAMRREREr® dor3e- vddySad@eipduine b vaxihg t’ﬂ‘? O”Tﬁév%'@f deYDH #4<ni xed on

a roll erehpdye sgfﬂt{én cTé?\eb F?bHér%dt Bean v@asydibd terpdrdtlreouphoasigro filter
with a pore size of he sol ution was then spun coated on a silicon

waf er fofl0%0 @étd@nd@f'mblem@tmtferunmavrethewasexhr@nleh;eeit&daodm eomparewwate for 1
m nute a Ti BTP

i qui d f%\s"ﬁﬁ%qarﬁr%h‘%%r (8¢ i35 PR R Sgbfé othe sl b s, pone

70: 30 waprepdded byrm’mngttabyﬂaw stookdsalotien rapid ehef@fr trt'e- bo(wy@ tstmcmake a
10% st ock sol utjon. 19 ég E rrer from@sgg/ ét} Si s exanp 6 and 9 g of
PGVEA/ PGF%)@U?@”%@ RIEPEr FRligs do PBta e desik ﬁ n%”t%@tdEL?O'%'BP&tH‘%W”Yg 5 g of
Ti BTP st frobd 90 A8 0%0 . X %I&fbr@m@s%&%d%l”&?” §to%g'§ $RE Whoa. 2. 5 g
of PGVEA/ P contai ning 1% surfactant Bi ric 30 was added in

above i gelutien candegbiutad f@rﬁ@lmverﬁlﬁééqwméaﬁlﬁbthl@meﬁér Tp-stabitiye antfes ni xt ure
then wasifi {56t AR /I 6T Sodiddl Gyt Lo B9 Ro} 5 Sutbcn? dum  The

sol ution n spun coat on a si 0 seconds e coated
waf er wasolvbets (3aelt ex mntmeh@hrbﬂwtle dcit, dndraltohel)abn@ hélatiNgeagerder | ayer

Fefr acti P AEREOTRoclng 63 Fi s Ui G AL ERe PR SIPBH DrOR SR Br "
was 0. 45gyrfactant and make a final 8% solid content sample, a 1% surfactant stock
solution in ArF thinner (PGMEA/PGME 70:30) was prepared. 8 g of 10% TiBTP
stock solution was then mixed with 2 g of 1% surfactant stock solution.
(Alternatively, the additives can also be added during TiBTP stock solution
preparation. For example, a 10% TiBTP solution in PGMEA/PGME 70:30 with
2% GVL can be made as sock solution for underlayer formulations.) Finally, the
mixture was filtered through a micro filter with a pore size of 0.2 um and stored
for use. Alternatively, the formulation can be prepared at elevated temperatures

as described in Formulation and ,Coéting Example 19.

Formulation and Coating Example 1

10 g of Polymer TiBTP liquid from Aldrich waé poured into a bottle. 40 g of
solvent PGMEA/PGME 70:30 and 1 g of gammavalerolactone (GVL) was added

immediately to make a 20% stock solution. After mixing overnight on a roller, the
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Formul ati on and Coating Exanple 11 10 g of Polyner TiBTP liquid from
Al drich was poured into a bottle. 90 g of solvent PGQVEA/ PGVE 70: 30 was
added i i I nd m xed on a roller for 5-7 days to 0% st ock
sol uti omg 23{22#7%/%‘& ymer from conparative synthesis exaﬁ%&ﬁﬁiﬁy&% %9 g of
PGVEA/ PGVE 70: 30 were m xed to nake a 10% pol yner stock solution. 9 g of
Ti BTP stock solution was m xed with 1 g of polyner stock solution. 8 g of
PGVEA/ PGVE 70: 30 and 0.4 g of GVL was added in above m xture. The sol ution
was mxed on a roller for 1-2 days. The m xture then was filtered through a
mcro filter wwth a pore size of 0.2 urn. The solution was then spun coated
on a sil be@e wad eforé®in 40esQ€a0aAS fore he ThbaslovRESILtI¥R Svdshedhtineatielg on a
hot plate for 1 mnute at 200C. The underl ayer coating was anal yzed on a
spect r os BBRELOR Al IORELAOEM teiReraivre fRrAwe dayfs. dcq piabovrisxiution, &g of93 nm
was 1.70 P I e 0 I ng Coati ng
Bearpi o ToMH PR H0 dA0PEANCEL wis ol [ Thopleb M it brind 2
bottl e. €8yg Tdfe mbiturenthe PCMEATIRERE thiOugh avadcradidted withinz goet sizg afr2m xed on
aroller for 5-7 days to ,make a 10% stock sol ution. .1 of pol from
conpar at e T RAHGETCwas 451 e £Reted O BroiecarRi 035650 o Thexed o
make a 1Q8atedl waRr Wwa9eKers Hedteddn 8. B platdifBT A Hligek sobobton was m xed
with 1.59 of polynmer stock solution. 6 g of PGVEA/ PGVE 70:30 and 0.3 g of
GVL was HBERIRYEA Capiewas epaéed PR SRACHOSePPiaLYiPsPREo he oRfimigedst or 1-2
days. Th agiie 1 Wesgd | r ] ' oy ore size
of 0.2 ufeé@cﬁ% ”gdo(%xll]?ron mﬁ;h%@%@gﬁﬁg agggt[ﬁggatﬁ(;gr?‘?g@%r}c P%tﬁet\iﬂmgrﬁagr 40
seconds. O'bde coated wafer was then heated on a hot plate for 1 mnute at
200C. The underl ayer coating was anal yzed on a spectroscopic ellipsoneter.
The optim zed refractive index "n" at 193 nrn was 1.76 and the absorption
par anet eFordulatih ndCodtidigExahprn2zand Coating Exanple 13 10 g of Pol yner
TiBTP liquid fromAl drich was poured into a bottle. 90 g of solvent
PGVEA PG %%if?rfblymér Feistel iU ttoAt Aldrichin@all pRfe@Nn®d BObdtRE. DOrg Hf7 days
to make a 10% stock solution. 1 300f POl ynmer from conparative synthesis
B0

exanpl e goluent RGYIES/PEHEAORQEn Aeelylaseiang wereratidechimmesisigly mer
t ock .00 Bo Ti t LOF j i |
Stock soldieRda R Mo silion? LafE SR UasHed ol ey b Rork®! Y1E"

sol ut i ontengzeraiuxe forosevaral aldyer Themidtuie thespswad fikensdxhrought deticnodfiitelri | t er ed
through a . mcro filte ith ore.size of 0.2 um_ The solution s then
spun coallll ARPTE 9 PLOA YRt e Faliigh WasbrasPumifoaltteRd UG IS ( hen
heat ed ofpraiohgicoRl@t ¥hé @batedivanet asithddBeatelineh HMIE blaAy Air CRMUEGt WaS

anal yzed on a spectroscopic ellipsonmeter. The optim zed refractive index
"n" at 18@0%m was 1.81 and the absorption paraneter "k" was 0.37.

‘Formulation and Coating Example 3

10 g of Polymer TiBTP liquid from Aldrich was poured into a bottle. 90 g of
solvent PGMEA/PGME 70:30 was added immediately and mixed on a roller for
5-7 days to make é 10% stock solution. 1 g of polymer from synthesis example 2
and 9 g of PGMEA/PGME 70:30 were mixed to make a 10% polymer stock
solution. 9.5 g of TiBTP stock solution was mixed with 0.5 g of polymer stock
solution. 2.5 g of PGMEA/PGME 70:30 and 0.25 g of GVL was added in the
above mixture. The solution was mixed on a roller for 1-2 days. 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 underlayer coating was
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Formul ati on and Coating Exanple 14 10 g of Polyner TiBTP liquid from
Al drich was poured into a bottle. 90 g of solvent PGQVEA/ PGVE 70: 30 was

added i mpgi.aiLi¥osand m xed on a roller for 5-7 days topgghfadzsfi¥iest ock
solution. 1 g of polyner from conparative synthesis exanple 1 and 9 g of

PGVEA/ PGVE 70: 30 were m xed to nake a 10% pol yner stock solution. 3 g of

Ti BTP stock solution was m xed with 7 g of polyner stock solution. 12 g of
PGVEA/ PGVE 70: 30 was added in above m xture. The solution was m xed on a
roller for 1-2 days. The m xture then was filtered through a mcro filter
with a pore size of 0.2 urn. The solution was then spun coated on a silicon
waf er f oandl@zekooralspechiascopiatadiipspaiater. wabe tapdéimibeshtafthatime andhext “rplatt e for 1

m nut e at,200C. derl ayer coatin s .anal on a spectroscopic

el 1 peomsPE Ty Toost PR Dsclor SR p B B Bt 01 05" v weas. 2. 64 and ¢ he
absorption paraneter "k" was 0.36. Fornulation and Coating Exanple 15 10 g
of Polymer TiBTP liquid fromAldrich was poured into a bottle. 90 g of

sol vent Peiprfatian=nd CotingsExgrmele 4 nmedi atel y and mixed on a roller for
5-7 days to nake a 10% stock solution. 1 g of polyner fromsynthesis

exampl e 90 £h@f Falyrper PEEA/ ndidErem Addrighy wagi peiged dntearebeitie 099 pd ofmer

t ock j i 0 |t o ' ' of

st ook sokdh A HiNPailE TP ek S T ARIIBSE Egalk § Bl B
added i nSdbdays toimake a.10Vhstosbisalution. eg ohpalgeheo fromn syithesis egampie5days.
Th 1 xt hen I r.ed ough a . mecro fiJter wth ore sjze of
05 um 40 8o POMGAP EHEL a0 AER fued 1S anaks L alf .o Bieroston”
seconds. sdiifors 030 &M oPfiBTP V6K RBtiBAANES Aked Wb Pl@abe Tpt)ﬁfmér BiopKt e at
200C. Fornul ati on and Coati ng Exanple 16 1 g of polymer from synthesis

exarrEI e #olaien. 9.4 901t PdvmasrTdedin abovasnistuie xEee ﬁ?uﬁﬁfkévaé oGS §mer
e o BLRE -2 dav e hbdfeIneh i WRoraP b 0K o HRE ek il Bhen e

70: 30. Tsiee sl URi wn. ihs solutexh sasatheal $m toated4domrss silidbre wafet fiore4d hen was
filtered_thraough mcro, filter wth re size of 0.2 um The, solution
was t hens%c&ﬁscogﬁgocog F£d, wafer WaR l&ﬁ? g?é)q?%(? %Abés @oﬂ'aée. f‘*ﬁ 'PEWR #lwaf er
was t hen2ded. edherurdidialePbddtigf @as ndlyreticorit Hfroscopic ellipsometer.

J iy ]

The optimized refractive index “n” at 193 nm was 1.63 and the absorption

parameter “k” was 0.48.

Formulation and Coating Example 5

10 g of Polymer TiBTP liquid from Aldrich was poured into a bottle. 90 g of
solvent PGMEA/PGME 70:30 was added immediately and mixed on a roller for
5-7 days to make a 10% stock solution. 1 g of polymer from synthesis example 6
and 9 g of PGMEA/PGME 70:30 were mixed to make a 10% polymer stock
solution. 9 g of TiBTP stock solution was mixed with 1 g of polymer stbck
solution. 2.5 g of 2-methoxyethanol and 0.25 g of GVL was added in above
mixture. The solution was mixed on a roller for 1-2 days. 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 underlayer coating was
analyzed on a spectroscopic ellipsometer. The optimized refractive index “n” at

193 nm was 1.60 and the absorption parameter “k” was 0.47.
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Formul ati on and Coating Exanple 17 10 g of Polynmer TiBTP liquid from
Al drich was poured into a bottle. 90 g of sol vent

4- et hyl - 2- t / 1- pentanol 70: 30 was added i mredi at ixed on a
roller fo‘%ogﬁglﬁg@é to make a 10% stock solution. 1 g O?k%g?%bﬁ%/@l?f%m

synthesis exanple 7 and 9 g of 4-nethyl-2-pentanol/1l-pentanol 70:30 was
m xed to nake a 10% pol yner stock solution. 9.5 g of Ti BTP stock sol ution
was mixed with 0.5 g of polyner stock solution. 0.2g of acetyl acetone was
added in above m xture. The solution was m xed on a roller for 3-5 days.
The m xture then was filtered through a mcro filter with a pore size of
0.2 um The solution was then spun coated on a silicon wafer for 40

seconds. _The coat ed er. t he eated on a hot plate for 1 mnute at
200C  FoFREPMtAD an%m“ﬁ%xwgﬂepge 18 10 g of Polymer TiBTP liquid from
Al drich S paured into bott|le. 90 g.of solvent PGVEA/ PGQVE 70: 30 was
added i &9 & e ‘gy@ﬁﬁ%@ﬁ%d'%‘ﬁj grom)ﬁkgr,lc?} Yasspaurgdyiatd & hele: 01998t ock

sol uti ongoflieft PEMIOADTINE 70080 Y HESd P irfrndiiky Grdnthi@ddo®ta BIVERPOVE
70: 30 were m xed to nake a 10% pol ymer stock solution. 9.5 g of TiBTP stock

sol ut i onSwadaysd teeraké aH 036 stogk solytiony riieg of polyknes dlom swnthegis Bxgnude 2

PGVEA/ P talny 0 rf n I drich). 705 s a in :
above mG|>¥F_%(r\ée)raJ §+ ?%Eé@%@E Zﬁ O%Vf?% nﬁgeéﬁlgt@rag%e g(r@e/g%é)iﬁg%rdg%%gn above
m Xt ur el. lsa’lhﬁ?rs.om5 igoof WFd'sidttkesd)luMdnhwﬁs ?migedfv;c/i'trisarﬁ ggﬁrﬁdlyméﬂ stwzk m xed
on aroller for 1-2 1 xture then_ was filtered throu a mcro
filter w??'Ht"é”-p@rQaog,%wgﬁ)%gy{aﬂb%ﬁ]@ngcﬂﬁtg 6h %W%ﬁdg%‘grﬁ @PAEd on a
silicon wafiare e 49ufhGf RSB aablet 16R1ES dups Themikead atbrPiag hot
plate for 1 mnute at 200C. Formnul ation and Coating Exanple 19 9.5 g of

Pol yrmer Tfit@ee thicpghda nrieie fltedrwith aviegge sizg eti Oiv. a hsoselbidon 9@sgthen

sol vent 0; 30 g P 70:;

cont ai ni E ooggrgfgétaa%ﬁmgﬁj\g%@} A{%/%Pg%%égsmﬂ%&?egﬁ r%% A gl?)t?/'egnd m xed

wel | . 0. hgatetl polamet datenfasyhtrhimsites aexa003Ce Thandndedayg:rofodticEALBGVE
analyzed on a spectroscopic ellipsometer. The optimized refractive index “n” at

193 nm was 1.74 and the absorption parameter “k” was 0.37.

Formulation and Coating Example 7

10 g of Polymer TiBTP liquid from Aldrich was poured into a bottle. 90 g of
solvent PGMEA/PGME 70:30 was added immediately and mixed on a roller for
5-7 days to make a 10% stock solution. 1 g of polymer from synthesis example 2
and 9 g of PGMEA/PGME 70:30 were mixed to make a 10% polymer stock
solution. 5 g of TiBTP stock solution was mixed with 5 g of polymer stock
solution. 8 g of PGMEA/PGME 70:30 were added to above mixture. The solution
was mixed on a roller for 1-2 days. 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 underlayer coating was analyzed on a spectroscopic
e‘IIipsdmeter. The optimized refractive index “n” at 193 nm was 1.75 and the

absorption parameter “k” was 0.30.

Formulation and Coating Example 8
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70: 30 were m xed to nmake a 10% pol ymer sol ution. The above sol utions were
mxed in a round bottle flask under nitrogen at 45 C for 24 h. After

cool i ng down, O. %1 acetyl acetone was added with stirri ng. The sol ution was
stored |nW9288(1t7ﬁ%‘ and put on roller for 24 h. The nixt BFETBHAHYURY

filtered through a mcro filter with a pore size of 0.2 um The solution
was then spun coated on a silicon wafer for 40 seconds. The coated wafer
was then heated on a hot plate for 1 minute at 200C. Exanple 20 Eval uation
of Resistance to Solvents and Devel oper for BARC Fil ms PGVEA/ PGVE 70: 30
sol vent was di spensed on the silicon wafer coated with anitrogen bl ow ng

after 6018.gNg r3¢|gmleﬁ1tiamp ﬁqd.dnf&msaaanmrv@asobé@:rewemto%l BbltiRr gBxpgesf ment s
wer e perforned wi th devel oper (AZ 300M F, 38 wei gt h%MAH, avai able from

AZ El ect selveesPAMEBAMPGMBESH:38Mas a%wqu@tm)andrw%%ﬁ ejler 141 | ns
f Co
rom a%'ﬁg%fs‘ﬁ;”f%ﬁé alfokﬂnp?c{bgséoﬁxgﬂog]hgﬁggsfﬁé Wh,l?ﬁqrcﬂﬁ% n{hsélssé@g&gefso

devel oper coatl ng exa ormul"at'ed 'by m xi ng
Ti BTP solauﬁi oy MﬂGMENﬁ@ME)ﬁOdiﬂwwatmkxedstpnnfwel 3 D%xzoipher istoaki f f er ent

ratios, |aI | m,| bserved after | on i.n evelo er for
505, ExaRBMEORT Bed B RAP) SROBTecHUN Was LY Pieb § o ROVHE Shove

metal | i cSumﬂ@ﬁl 8Yesf PGCMEBA/PENE MBS0 vad dudeel teradthval mamaky Fhe s@nﬂuoﬁGA
wei ght | oss nmeasurenment. The results fromtwo net hods were consi stent.

Dependi nyvasrmige o aradles dore bAtdays. Tlae mixtre Hien wendlteredhraghm oiergnged
from 4-5Qf6 Al hfta sHRES08f bid P aKEBIGRRAES ¥sh sF*EBARdI% a silicon

wafer for 40 seconds. The coated wafer was then heated on a hot plate for 1
minute at 200°C. The underlayer coating was analyzed on a spectroscopic
ellipsometer. The optimized refractive index “n” at 193 nm was 1.75 and the

absorption parameter “k” was 0.29.

Formulation and Coating Example 9

10 g of Polymer TiBTP liquid from Aldrich was poured into a bottle. 90 g of
solvent PGMEA/PGME 70:30 and 1 g of acetylacetone waé added immediately
and mixed on a roller for 5-7 days to make a 10.% stock solution. 1 g of polymer
from synthesis example 7 and 9 g of PGMEA/PGME 70:30 were mixed to make
a 10% polymer stock solution. 9.5 g of TiBTP stock solution was mixed with 0.5
g of polymer stock solution. 2.5 g of PGMEA/PGME 70:30 was added in above-
mixture. The solution was mixed on a roller for 1-2 days. 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 and Coating Example 10

10 g of Polymer TiBTP liquid from Aldrich was poured into a bottle. 90 g of
solvent PGMEA/PGME 70:30 was added immediately and mixed on a roller for
5-7 days to make a 10% stock solution. 1 g of polymer from synthesis example 6
and 9 g of PGMEA/PGME 70:30 were mixed to make a 10% polymer stock
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Formul ation Stability Evaluations The solutions of fornulation exanples
3-10 were subjected to long termshelf life stability test by coating the

sol ution riodically every week. The formnul ati on was spi d.on a
silicon ﬁ&gépﬁgﬂ%ﬁﬁaked at 200C/ 60s. The coati ngs dennngFEQ§§ﬁ5§88§
uniformty for at |east one nonth. The coatings were al so tested weekly for
resi stance to solvents and devel oper as in Exanple 20 and no change in

per formance was observed. Lithographic eval uation Exanple 1 The performance

of the Ti nmetallic anti-reflective coating fornul ati on was eval uated usi ng
AZ(r) 2110P photoresist (product of AZ Electronic Materials USA Corp.,

Soner vi | | gluthdh) . 94 §idfiTABMPVEtbek svRSion aad< ehixed Rvithop BUY af ipelynastdsteeit | ng
Exanmpl e 7 and baked at 200C for 60 seconds to forma 90 nmthick film Then
usi ng Az($9utiorp 2ax21af0PCHFABIRME ontainiog him suUrfasta Bid0aAdridn 1930 and
baked at : T t i ! ¥ nm

N kon 306055902t 2 SLREF fiyre FRe I Rlor) s MBI STRAPIS I % ¢

Y- Di pol e Thd mixtoet them was Hiltaredl 88oogh er midrgrfdter avith 8.085e isimeeof 8i2gum. The

exposed wgf er E@S thent aked at 1 0% for 6.8 seconds ang devel agedTHsi ng
AZ(r) 300N SERURM oYY TISARRs 579D Wb EonHEON ST & ABwwFogRas The

Cr 0SS- seCddaed PRdfee s e Helasel \t8d aUREE pl4t6 afoRi NOMRILES tat OPOORC: T Plss Ope
showed no sjignificant collapse in the process w ndow. Good pattern profile
has been WKSERYRCRAtiNGi WY dplkeedem mSPeetraptaripRtiPepetad. dheptimizedp.

Li t hogr aniyexal ek O %}‘G\@B' r’?rnzvvéfé“%.ﬁ%ertﬁé”é‘b%g%tidnhﬁa@r Ml"'\g%s

anti-reflective coating tornulation was eval uat ed 'usi ng 211
phot or esi&#5( product of AZ Electronic Materials USA Corp., Sonmerville, NJ).
A silicon wafer was coated with Formul ati on and Coati ng Exanpl e 3 and baked
at 200C for 60 seconds to forma 38 nmthick film Then using AZ(r) EXP

AX2110P preyinuilatibatarid CoatihgE&in pie foth 190 nm was coated on top and baked
at 100C for. 60 seconds. The wafers were then i maged using a 193 nm N kon

306D expomyigeot Polynvédrt NiBTANUAEH féh ARRIChUREs (Jdtte®@fintd. 8Dotié.t 80 g of
solvent PGMEA/PGME 70:30 was added immediately and mixed on a roller for
5-7 days to make a 10% stock solution. 1 g of polymer from comparative
synthesis example 1 and 9 g of PGMEA/PGME 70:30 were mixed to make a
10% polymer stock solution. 9 g of TiBTP stock solution was mixed with 1 g of
polymer stock solution. 8 g of PGMEA/PGME 70:30 and 0.4 g of GVL was added
in above mixture. The solution was mixed on a roller for 1-2 days. 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 underlayer coating was

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

193 nm was 1.70 and the absorption parameter “k” was 0.55.

Formulation and Coating Example 12

10 g of Polymef TiBTP liquid from Aldrich was poured into a bottle. 90 g of
solvent PGMEA/PGME 70:30 was added immediately and mixed on a roller for
5-7 days to make a 10% stock solution. 1 g of polymer from comparative
synthesis example 1 and 9 g of PGMEA/PGME 70:30 were mixed to make a

10% polymer stock solution. 8.5 g of TIiBTP stock solution was mixed with 1.5 g
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Y-Dipole Illumnation with an 0.85 outer sigma, and 0.55 inn
exposed wafers were then baked at 110C for 60seconds and dev
AZ(r) 30QMLE devel ogper (TMAH) for 30 seconds. The top down

obser ved URFEF Y4 hni ng el ectron m croscope showed no sipﬁﬁ’flg
Good pattern profile via cross-section scanning electron mc
been observed at L/S 90nm 1:1 with photospeed of 24.5ml/cnR.
under | ayer conposition conprising an organic titanate conpou

er sigma. The
el oped using
atterns when
FRHR2 o1 | apse.
roscope has

Clains 1. An
nd and a

pol ymer, where the polynmer conprises at | east one fluoroal cohol group and

at | east one epoxy group. 2. The underl ayer conposition of

the pol ygepoh@hdr stoer salutiRast g ¥iePOMEA/MEME & of 30/ ahaad. 3o @f
at | east one unit with an epoxy group (2),
added in above mixture. The solution was mixed on a roller for 1-2

claim1, where
@VPWad 1) and

days. 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 underlayer

coating was analyzed on a spectroscopic ellipsometer. The optimized refractive

index “n” at 193 nm was 1.76 and the absorption parameter “k” was 0.5

Formulation and Coating Example 13

2.

10 g of Polymer TiBTP liquid from Aldrich was poured into a bottle. 90 g of
solvent PGMEA/PGME 70:30 was added immediately and mixed on a roller for
5-7 days to make a 10% stock solution. 1 g of polymer from comparative
synthesis example 1 and 9 g of PGMEA/PGME 70:30 were mixed to make a

10% polymer stock solution. 5 g of TiBTP stock solution was mixed with 5 g of

polymer stock solution. 10 g of PGMEA/PGME 70:30 was added

in above

mixture. The solution was mixed on a roller for 1-2 days. The mixture then was

filtered through a micro filter with a pore size of 0.2 um. The solution

spun coated on a silicon wafer for 40 seconds. The coated wafer

was then

was then

heated on a hot plate for 1 minute at 200°C. The underlayer coating was

“, N

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

193 nm was 1.81 and the absorption parameter “k” was 0.37.

Formulation and Coating Example 14

10 g of Polymer TiBTP liquid from Aldrich was poured into a bottle. 90 g of
solvent PGMEA/PGME 70:30 was added immediately and mixed on a roller for
5-7 days to make a 10% stock solution. 1 g of polymer from comparative

synthesis example 1 and 9 g of PGMEA/PGME 70:30 were mixed to make a

10% polymer stock solution. 3 g of TiBTP stock solution was mixed with 7 g of

polymer stock solution. 12 g of PGMEA/PGME 70:30 was added

in above

mixture. The solution was mixed on a roller for 1-2 days. The mixture then was
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where, Rl to R6 are independently selected from hydrogen and C1-C4 al kyl, W
Is a linking group, Rfi and Rf2 are independently selected fromfluorinated

(C1-Co) Y, . and partially fluorinated (Cl1-C6) a r W is
selected%?b&hygwagﬁylene, a carbonyl (-(C=0)) and a carkgibpg§§§ﬁﬁ§1ene
group (-C(=0)-0-Wr) where W is selected froma group consisting of Cl to
C6 al kyl ene noiety, fluorinated (Cl-C6) al kylene group and partially
fluorinated (C1l-C6) al kylene group; and, W2 is a (Cr C6) al kyl ene noi ety.
WD 2012/ 176043PCT/ 1 B2012/ 001219 3. The under| ayer conposition of claim1
or 2, where in the polyner the fluoroal cohol group ranges between 10 and 80
nmol e % affitleicdetheqmty agnicup fitengis dbpomesine 20 MPAINMOTheIsefdtion 4vasT treen

under | ayer, SONDOS| Lhon Jgcer ding 19 8120l e &,8: %SISR i POl yer

heated on a hot plate for 1 minute at 200°C. The underlayer coating was

(1]

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

193 nm was 1.84 and the absorption parameter “k” was 0.36.

Formulation and Coating Examplie 15

10 g of Polymer TiBTP liquid from Aldrich was poured into a bottle. 90 g of
solvent PGMEA/PGME 70:30 was added immediately and mixed on a roller for
5-7 days to make a 10% stock solution. 1 g of polymer from synthesis example 9
and 9 g of PGMEA/PGME 70:30 were mixed to make a 10% polymer stock
solution. 9.5 g of TiBTP stock solution was mixed with 0.5 g of polymer stock
solution. 2.5 g of PGMEA/PGME 70:30 and 0.25 g of GVL was added in above
mixture. The solution was mixed on a roller for 1-2 days. 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 and Coating Example 16

1 g of polymer from synthesis example 6 and 9 g of PGMEA/PGME 70:30 were
mixed to make a 10% polymer stock solution. 0.5 g of Tyzor® AA (75%)’
obtained from Aldrich Co. was mixed with 3.75g of above polymer stock solution
and 5g of PGMEA/PGME 70:30. The solution was mixed on a roller for 24 hrs.
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 and Coating Example 17
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0 (3) where R7 to RO are independently selected from hydrogen and Cl-C4
alkyl, Wb is selected froma direct val ance bond, an aryl ene group, an

ester (C(=0)-0- Ria) group, a Cl-C20 al kyl ene group and_mi xtures thereof,
and R14 iYO2RI2EIPHY from G - C20 al kyl ene, Cl-C20 al kyl eRESAGIURHR1ZL y| ene

and substituted arylene, the repeat unit (3) ranging preferably between 1
and 40 nole % 5. The underl ayer conposition according to one of clains 1
to 4, where the polynmer further conprises a recurring unit (4), where, R10
to R12 are independently selected fromhydrogen, nitrile and C1-C4 al kyl,
R13 is an aryl group or an ester (-C(=0)-0-R15) group, where R15 is

sel ected 10 g of Polymer TiBTP liquid from Aldrich was poured into a bottle. 90 g of

solvent 4-methyl-2-pentanol/1-pentanol 70:30 was added immediately and ‘mixed
on a roller for 3-5 days to make a 10% stock solution. 1 g of polymer from
synthesis example 7 and 9 g of 4-methyl-2-pentanol/1-pentanol 70:30 was mixed
to make a 10% polymer stock solution. 9.5 g of TiBTP stock solution was mixed
with 0.5 g of polymer stock solution. 0.2g of acetylacetone was added in above
mixture. The solution was mixed on a roller for 3-5 days. 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. Thé coated wafer was then

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

Formulation and Coating Example 18

10 g of Polymer TiBTP liquid from Aldrich was poured into a bottle. 90 g of
solvent PGMEA/PGME 70:30 was added immediately and mixed on a roller for
5-7 days to make a 10% stock solution. 1 g of polymer from synthesis example 6
and 9 g of PGMEA/PGME 70:30 were mixed to make a 10% polymer stock
solution. 9.5 g of TiBTP stock solution was mixed with 0.5 g of polymer stock
solution. 2.5 g of PGMEA/PGME containing 1% surfactant Bij30 (Aldrich) 70:30
was added in above mixture, 0.25 g of GVL and 0.1 g of acetylacetone was
added in above mixture. The solution was diluted with 1.3 g of isopropanol and
was mixed on a rolier for 1-2 days. 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 and Coating Example 19

9.5 g of Polymer TiBTP liquid from Aldrich was poured into a bottle. 90 g of "
solvent PGMEA/PGME 70:30, 2 g of GVL and 20 g of PGMEA/PGME 70:30
containing 1% surfactant Bij30 (Aldrich Co) was added immediately and mixed

well. 0.5g of polymer from synthesis exémple 6 and 4.5 g of PGMEA/PGME
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froma group consisting of a Cl-C20 al kyl, C, -C20 al kyl enearyl, aryl,
substituted aryl, fluorinated al kyl group, partially fluorinated al kyl

group or Woxhiegosshereof, the repeat unit (4) rangi ng pegfigiAdbozpet ween 1
and 30 nmole A). 6. The underlayer conposition of one of clains 1 to 5, where

the organic titanate conpound is selected fromthe group consisting of
|, R15 14' 15- 0-T1-0-R15

70:30 were mixed to make a 10% polymer solution. The above solutions were
mixed in a round bottle flask under nitrogen at 45 C for 24 h. After cooling down,
0.5 g acetylacetone was added with stirring. The solution was stored in a bottle
and put on roller for 24 h. 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.

Example 20
Evaluation of Resistance to Solvents and Developer for BARC Films

PGMEA/PGME 70:30 solvent was dispensed on the silicon wafer coated with
anitrogen blowing after 60 s. No significant film losses were observed. Similar
experiments were performed with developer (AZ 300MIF, 2.38 weigth% TMAH,
available from AZ Electronics Material USA Corps, Somerville NJ). The
underlayer films from Coating Examples 1-11 and 14-19 demonstrated good
resistance to developer. For coating examples 12 and 13, which was formulated
by mixing TiBTP solution with pblymer of comparative synthesis 1 example in
different ratios, partial film loss was observed after immersion in developer for
60s.

Example 21
Determination of Ti% in cured films

Ti% in the above metallic underlayer films were measured by elemental analysis
and TGA weight loss measurement. The results from two methods were
consistent. Depending on the TiBTP content in formulations, the measured Ti%
ranged from 4-50% after 200°C/60$ film baking conditions.

Example 22

Formulation Stability Evaluations
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RI 15 where R15, R 15, R'15, and R'15 are independently selected from

Cl- C20 al kyl and C1-C25 al kyl carbonyl, and R16 and R17 are independently
selected from Cl-C20 al kyl and aryl group, the anmount of nononeric titanate
(5), (6) ¥R t he conposition rangi ng preferably BETUBERYY2hd 50
wei ght % of total solids. 7. The underlayer conposition of one of clains 1 to
5, where the organic titanate is selected from

The solutions of formulation examples 3-10 were subjected to long term shelf life
stability test by coating the solution periodically every week. The formulation was
spin coated on a silicon wafer and baked at 200°C/60s. The coatings
demonstrated good uniformity for at least one month. The coatings were also
tested weekly for resistance to solvents and developer as in Example 20 and no

change in performance was observed.

Lithographic evaluation Example 1

The performance of the Ti metallic anti-reflective coating formulation was
evaluated using AZ® 2110P photoresist (product of AZ Electronic Materials USA
Corp., Somerville, NJ). A silicon wafer was coated with Formulation and Coating
Example 7 and baked at 200°C for 60 seconds to form a 90 nm thick film. Then
usihg AZ® EXP AX2110P photoresist a 190 nm film was coated on top and
baked at 100°C for 60 seconds. The wafer was then imaged using a 193 nm
Nikon 306D exposure tool with a Numerical Aperture (NA) of 0.85, with Y-Dipole
Illumination with a 0.85 outer sigma, and 0.55 inner sigma. The exposed wafer
was then baked at 110°C for 60 seconds and developed Using AZ® 300MIF
developer (TMAH) for 30 seconds. The top down and cross-section patterns
when observed under scanning electron microscope showed no significant
collapse in the process window. Good pattern profile has been observed at

Line/Space 90nm 1:1 with photospeed of 29 mJ/cm?.

Lithography evaluation Example 2

The performance of the Ti metallic anti-reflective coating formulation was
evaluated using AZ® 2110P photoresist (product of AZ Electronic Materials USA
Corp., Somerville, NJ). A silicon wafer was coated with Formulation and Coating
Exarhple 3 and baked at 200°C for 60 seconds to form a 38 nm thick film. Then
using AZ® EXP AX2110P photoresist films targeting both 190 nm was coated on
top and baked at 100°C for 60 seconds. The wafers were then imaged using a
193 nm Nikon 306D exposure tool with a Numerical Aperture (NA) of 0.85, with
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where n= 2-10 and R15, R 16, and R'15, are independently selected from
Cl- C20 al kyl and C1-C20 al kyl carbonyl, and R16 and R17 are independently

sel ected -C20 al kyl and aryl group, the level of i i tanat e
conpound‘%é%gkg%aé d (10) in the underl ayer ranging prerggé%gﬁagﬁf&ken 10
and 99.9% of total solids. WD 2012/176043PCT/1B2012/001219 8. The
under | ayer conposition of one of clains 1 to 7 having a refractive index
(n) between 1.5 and 1.9 and an absorption (k) between 0.1 and 0.6 at 193
nm 9. A process for manufacturing a mcroel ectronic device, conprising, a)

providing a substrate with a titaniumunderlayer filmof one of claim1l to
8, b) cuf-Digplé Ntumirdeivhayigh dr 10083 oubeasigngs, and 0.55 inner sigma. The

exposed wafers were then baked at 110°C for 60seconds and developed using
AZ® 300MIF developer (TMAH) for 30 seconds. The top down patterns when
observed under scanning electron microscope showed no significant collapse.
Good pattern profile via cross-section scanning electron microscope has been
observed at L/S 90nm 1:1 with photospeed of 24.5mJ/cm2. |
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b) coating a photoresist |ayer above the underlayer coating |ayer; c)

| mgew se exposi ng the photoresist |ayer; d) devel oping the photoresi st

| ayer with an aguequs al kal i ne devel opi ng solution. 10.The process of claim
9, where YREPIEH3t i t ani um underl ayer film conprises t?FgﬂgﬂHW@Hﬁant
ranging from3 to 60% 11. The process of claim9 or 10, where inmagew se
exposure ranges from 250 nmto 12 nm 12. The process according to one of
claims 9 to 11, where the devel opi ng

Claims

1. An underlayer composition comprising an organic titanate compound and
a polymer, where the polymer comprises at least one fluoroalcohol group and at

least one epoxy group.

2. The underlayer composition of claim 1, where the polymer comprises at

least one unit with a fluoroalcohol group (1) and at least one unit with an epoxy

group (2),

R1 | 1
O
W |
WZ
@)
H™ o)

where, R4 to Rg are independently selected from hydrogen and C4-C4 alkyl, Wis
a linking group, Rf; and Rf; are independently selected from fluorinated (C4-Cg)
alkyl group and partially fluorinated (C4-Cs) alkyl group; W4 is selected from an
arylene, a carbonyl (-(C=0)) and a carbonyloxyalkylene group (-C(=0)-O-W,-)
where W, is selected from a group consisting of Cq to Cg alkylene moiety,
fluorinated (C4-C¢) alkylene group and partially fluorinated (C4-Cg) alkylene
group; and, W is a (Cy- Cg) alkylene moiety.

33



solution is an aqueous solution conprising a hydroxide base. 13. The process
according to one of clains 9 to 12, where the substrate has one or nore

antirefl ive i ngs coated over the substrate, prefer | east one
hi gh car%&hzéﬁ¥ﬁ8@%Iective coating filmcoated over theﬁggag%pg%@?%ﬁ4.The
process according to one of clains 9 to 13, further conprising dry etching
the titaniumunderlayer filmafter step d). WO

2012/ 176043PCT/ 1 B2012/ 001219 15. The process according to one of clains 9 to
13, further conprising dry

3. The underlayer composition of claim 1 or 2, where in the polymer the
fluoroalcohol group ranges between 10 and 80 mole % and the epoxy group

ranges between 20 and 90 mole%.

4. The underlayer composition according to one of claims 1 to 3, where the

polymer further comprises unit of structure 3,

R; Ry

e

Ws

|
?
H 3

where Ry to Rg are independently selected from hydrogen and C4-C, alkyl,

W5 is selected from a direct valance bond, an arylene group, an ester (C(=0)-O-
R44) group, a C4-Cy alkylene group and mixtures thereof, and Rq4is selected
from C4-Cy alkylene, C4-Cy alkylenearylene, arylene and substituted arylene,

the repeat unit (3) ranging preferably between 1 and 40 mole %.

5. The underlayer composition according to one of claims 1 to 4, where the

polymer further comprises a recurring unit (4),

Rio R12

]

11 Ry, @)

where, Ry to Ry, are independently selected from hydrogen, nitrile and C4-C4
alkyl, Ry3is an aryl group or an ester (-C(=0)-0O-R1s) group, where Rys is selected

from a group consisting of a C4-Cy alkyl, C1-Cy alkylenearyl, aryl, substituted
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etching the titaniumunder layer filmand the high carbon antireflective
coating filmseparately after step d).

WO 2012/176043 PCT/IB2012/001219

aryl, fluorinated alkyl group, partially fluorinated alkyl group or mixtures thereof,

the repeat unit (4) ranging preferably between 1 and 30 mole %.

6. The underlayer composition of one of claims 1 to 5, where the organic

titanate compound is selected from the group consisting of

Rz
\O\/YRW ' R
| 7 s Fi6
R o o R I
/R15 15\0 Ti o 15 R O\\ O i
o /N ~0 Yo

o 0

R'"15— O—'ll['t— O—R; N O/ \O
O\ 6 o \O R/K /‘k
: 16 Rz

N

R'ys (5) Re  (6) @)

where Ry5, R'15. R"15, and R™y5 are independently selected from C4-Cy alkyl and
C4-Cy alkyl carbonyl and Ris and R47 are independently selected from C4-Cy
alkyl and aryl group, the amount of monomeric titanate (5), (6) and (7) in the

composition ranging preferably between 10 and 50 weight% of total solids.

7. The underlayer composition of one of claims 1 to 5, where the organic

titanate is selected from

Rz R R
1 " Rig
Ris . o 0 o \(/-)(\J)/
(|) 19 O——/\Ti\/ o Rys o \\Ti/ O/R15
&s{O—F—CﬁR’w o \c|) n o/ o In
O\ ) n RN-\O\ M
Ris  (8) Ri (9) M T Ry (10)

where n= 2-10 and R45 R’y5 and R”y5, are independently selected from C4-Cy
alkyl and C4-Cy alkyl carbonyl and Ris and R+7 are independently selected from :
C1-Co alkyl and aryl group, the level of polymeric titanate compound (8) (9) and

(10) in the underlayer ranging preferably between 10 and 99.9 % of total solids.
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8. The underlayer composition of one of claims 1 to 7 having a refractive
index (n) between 1.5 and 1.9 and an absorption (k) between 0.1 and 0.6 at 193

nm.

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

a) providing a substrate with a titanium underlayer film of one of claim 1

to 8;

b) curing the underlayer film by heating;

b) coating a photoresist layer above the underlayer coating layer;
c) imagewise exposing the photorésist layer;

d) developing the photoresist layer with an aqueous alkaline developing

solution.

10. The process of claim 9, where the cured titanium underlayer film

comprises titanium content ranging from 3 to 60%.

11.  The process of claim 9 or 10, where imagewise exposure ranges from 250

nm o 12 nm.

12.  The process according to one of claims 9 to 11, where the developing

solution is an aqueous solution comprising a hydroxide base.

13." The process according to one of claims 9 to 12, where the substrate has
one or more antireflective coatings coated over the substrate, preferably at
least one high carbon antireflective coating film coated over the substrate.

14.  The process according to one of claims 9 to 13, further comprising dry

etching the titanium underlayer film after step d).
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15.  The process according to one of claims 9 to 13, further comprising dry
etching the titanium under layer film and the high carbon antireflective

coating film separately after step d).
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