Descri ption ANTI| REFLECTI VE COWPCSI TI ON FOR
PHOTORESI STS Field of Invention The present
invention relates to a novel antireflective coating
conposition and its use in inmage processing by formng
a thin layer of the novel antireflective coating
conposition between a reflective substrate and a
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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 transformation in the exposed
areas 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 lower and lower wavelengths of
radiation and has also led to the use of sophisticated multilevel systems to

overcome difficulties associated with such miniaturization.



The use of highly absorbing antireflective coatings in
phot ol i t hography is one approach to di mnish the
problens that result from back reflection of |ight
fromhighly reflective substrates. Two maj or

di sadvant ages of back reflectivity are thin film
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Brief Description of Drawings Figure 1 shows exanples
of the linking noiety A



Figure 2 illustrates exanples of aliphatic

di anhydrides. Figure 3 gives exanples of polyner unit
of Structure (1). Figure 4 gives nore exanpl es of

pol ymer unit of Structure (1). Summary The
invention relates to an antireflective coating
conposition for a photoresist |ayer conprising a

pol ynmer, a crosslinking agent and an aci d generator,
where the pol yner conprises at |east one unit of
structure 1, 00

the photoresist to the substrate, and also good absorption characteristics to
prevent reflective notching and line width variations or standing waves,
particularly at 193 nm. The antireflective coating of the present invention has a
relatively high etch rate such that the antireflective coating is removed with
minimal loss in the thickness of the photoresist layer. Additionally, substantially
no intermixing is present between the antireflective coating and the photoresist
flm. The antireflective coatings also have good solution stability and form
particularly thin films with good coating quality, the latter being particularly
advantageous for lithography. When the antireflective coating is used with a
photoresist in the imaging process, clean images are obtained with good

lithographic properties.

Brief Description of Drawings

Figure 1 shows examples of the linking moiety A.
Figure 2 illustrates examples of aliphatic dianhydrides.
Figure 3 gives examples of polymer unit of Structure (1).

Figure 4 gives more examples of polymer unit of Structure (1).

Summary

The invention relates to an antireflective coating composition for a
photoresist layer comprising a polymer, a crosslinking agent and an acid

generator, where the polymer comprises at least one unit of structure 1,
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(_0-1104 00 (1) where, Ais a nonaromatic |inking
nmoiety, R and Ft" are independently selected from
hydrogen, Z and WOH, where Z is a (G -C20)
hydrocarbyl moiety and Wis a (C -C20) hydrocar byl
linking noiety, and, Y' is independently a (G -C20)
hydr ocar byl |inking noiety. The i nvention
further relates to a process for inmaging the
antireflective coating conposition.

where, A is a nonaromatic linking moiety,

R’ and R” are independently selected from hydrogen, Z and W-OH, where Z is a
(C4-Ca0) hydrocarbyl moiety and W is a (C1-C2o) hydrocarbyl linking moiety, and,

Y’ is independently a (C1-Czo) hydrocarbyl linking moiety.
The invention further relates to a process for imaging the antireflective

coating composition.

Description of the Invention

The present invention relates to a novel antireflective coating composition
comprising a polymer, a crosslinking agent and an acid generator. The present
invention further relates to a process for using the novel composition, particularly
at 193nm. The polymer of the present invention contains at least one unit

selected from structure (1)
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where, A is a nonaromatic linking moiety,

R’ and R” are independently selected from hydrogen, Z and W-OH, where Zis a
(C4-C20) hydrocarbyl moiety and W is a (C1-Cy) hydrocarbyl linking moiety, and,

Y’ is independently a (C1-Czo) hydrocarbyl linking moiety.

In the polymer of the present composition A is a nonaromatic group or a
nonaromatic linking moiety that connects the 4 carboxyl (C(O)O) groups. The
group A may also be defined as a nonaromatic aliphatic group. In one
embodiment A is selected from C,-C» unsubstituted alkylene, C4-Cyo substituted



Description of the Invention The present

invention relates to a novel antireflective coating

conmposition conprising a polyner, a crosslinking agent

and an acid generator. The present invention further

relates to a process for using the novel conposition,
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structure (1) 00 where, Ais a nonaromatic |inking

noiety, F1' and R' are independently selected from
alkigde 0@eiCoo Zlnanblstlmt@dl cydhealiphatic,sCa Qo6 subgiituted cycloaliphatic,

%g[(?ﬁlg&%t@gd Hbeae@cyplgaﬁﬂ?éigéhgé%{dl Sygr _?%?r by stituted

het@VdHy@Eﬁﬁth' iU BxERIHIEY of A are diteh e PiglbeTar Infanother
present conposition A is a nonaromatic noup or @
tq,{gylgn a -C1o

emh@dmamaf\u ds | selretad Fremet Ga-Ohat unsoipatived
EANTRLAGEL0), 50 PSS ol Bl na ©1Co
sutlsmhﬂeld eterodydicalipbhtc t kndyétr amtioar @Z@odmﬁs‘t i getegted from
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embodiment A is butylene. Typically a polymer is obtained by reacting at least
one aliphatic dianhydride with at least one diol. The resulting polymer may be
further reacted with an end capping reactant to cap one or more of the free acid
groups. Examples of the aliphatic dianhydrides that upon polymerization form A

are given in Figure 2.

In one embodiment of the polymer of the composition, the polymer is
represented by only one or more aliphatic A moiety, that is, the polymer is not

derived from an additional aromatic anhydride.

In one embodiment the polymer comprises at least one unit of Structure 2,
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where, B is a single bond or C,-C¢ nonaromatic aliphatic moiety,

R’ and R” are independently selected from hydrogen, Z and W-OH, where Z is a
(C1-C20) hydrocarbyl moiety and W is a (C4-Czo) hydrocarbyl linking moiety, and,

Y’ is independently a (C4-Cyo) hydrocarby! linking moiety.



al kyl ene, Cl1-C20 unsubstituted cycl oaliphatic, Cl-C20
substituted cycloaliphatic, Cl-C20 unsubstituted

het er ocycl oal i phatic, and Cl-C20 substituted

het erocycl oal i phatic. Some exanples of A are given in
Figure 1. In another enbodiment A is selected from
a4- Cl0 unsubstituted al kyl ene, a C4-Cl0 substituted
al kyl ene, Cl-C20 unsubstituted heterocycl oaliphatic,
and Cl- C20 substituted heterocycloaliphatic. In yet
anot her enbodi ment A is selected from a4-Cl0
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diaG3idrida0) hyG[B)bB(thﬂmorbmelthyh)@yrmneltuyc anddiavthydride, 3,6-
bls(metﬁel?ﬁydrgmehmcacﬁ ]hy%282e h%‘%réﬂ adrop%omelptkl nglaﬁR{/c?rtlc}/é, 3,6-
dibromopyromellitic dianhydride, 3,6-dichloropyromellitic dianhydride, 3,3',4,4'-
benzophenonetetracarboxylic acid dianhydride, 2,3,3,4'-
benzophenonetetracarboxylic  acid  dianhydride, 2,2',3,3-benzophenone
tetracarboxylic  acid dianhydride, 3,3',4,4'-biphenyltetracarboxylic  acid
dianhydride, 2,3,3'4-biphenyltetracarboxylic acid dianhydride, 2,2',3,3-
biphenyltetracarboxylic acid dianhydride, 2,2',6,6'-biphenyltetracarboxylic acid
dianhydride, bis(2,3-dicarboxyphenyl)methane dianhydride, bis(2,5,6-trifluoro-
3,4-dicarboxyphenyl)methane dianhydride, 2,2-bis(3,4-dicarboxyphenyl)propane
dianhydride, 2,2-bis(3,4-dicarboxyphenyl)-1,1,1,3,3,3-hexafluoropropane
dianhydride, bis(3,4-dicarboxyphenyl)ether dianhydride (4,4'-oxydiphthalic
dianhydride), bis(3,4-dicarboxyphenyl)sulfone dianhydride (3,344
diphenylsulfonetetracarboxylic dianhydride), 4,4'-[4,4'-isopropylidene-di(p-
phenyleneoxy)]bis(phthalic anhydride), N,N-(3,4-dicarboxyphenyl)-N-
methylamine dianhydride, bis(3,4-dicarboxyphenyl)diethylsilane dianhydride;
2,3,6,7-naphthalene tetracarboxylic acid dianhydride, 1,2,5,6-naphthalene-
tetracarboxylic acid dianhydride, 1,4,5,8-naphthalenetetracarboxylic  acid
dianhydride, 2,6-dichloronaphthalene-1,4,5,8-tetracarboxylic acid dianhydride,
thiophene-2,3,4,5-tetracarboxylic acid dianhydride, pyrazine-2,3,5,6-



In one enbodinent Bis selected froma single bond and
a G -C6 al kylene which may be |inear or branched. In
anot her enbodi nent B is a single bond. Further
exanpl es of the polyneric structure (1) are given in
Figure 3, where, Ft' and R' are independently sel ected
from hydrogen, Z and WOH, where Z is a (Cl-C20)
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"hydrocarbyl moeity" is used in its ordinary sense, which is well-known to those
skilled in the art. Specifically, it refers to a group having carbon atom(s) directly
attached to the molecule and having predominantly hydrocarbon character.

Examples of hydrocarbyl groups include:

(1) hydrocarbon groups, that are, aliphatic (e.g., alkyl, alkylenyl or alkenyl
or alkylene), alicyclic (e.g., cycloalkyl, cycloalkenyl or cycloalkylene), aromatic,
aliphatic- and alicyclic-substituted aromatic substituents, as well as cyclic
substituents wherein the ring is completed through another portion of the

molecule (e.g., two substituents together form an alicyclic radical);



di anhydri de, bi s(3, 4-di car boxyphenyl ) et her di anhydri de
(4, 4" -oxydi phthalic

di anhydri de), bi s(3, 4-di car boxyphenyl ) sul f onedi anhydri d
e(3,3,4,4" -

di phenyl sul f onet etracar boxyl i cdi anhydri de), 4,4"' 14, 4" -
sopropyl i dene-di (p- phenyl eneoxy)] bi s(phthalic
anhydride), N, N-(3,4-dicarboxyphenyl) - Nmret hyl am ne

di anhydri de, bis(3, 4-dicarboxyphenyl)di ethylsilane
dianhydride 2, 3,6, 7-napht hal ene tetracarboxylic acid

3 Yy duabot TaSRL AR, L 508 Y B o

hycﬂf@g@h QUﬁQI@’ﬁ@Udﬁunantly hydrocarbon in nature, where examples of other
di chl oronapht hal ene-1, 4,5, 8-tetracarboxylic
atofsafiey B UBOXNIEN S HutRISN, 3ch'3 may P%@é?%%m)( @HF@ as thia

or &’n@ ygi ﬁctlé’rYdI"ﬂ kétfeszslﬁ:h5a56esteff bS], LRy, @@:hé' ether,

di anh pyri |ne 2,3,5, 6-tetracarboxylic acid
etcdi anhydr i de 2,3,9,1 0- peryl ene tetracarboxylic acid
di anhydride, 4,4'-(1,4-phenylene) bis(phthalic acid)
di a(@hysubslityted hydrqcartiomgeupise it i subsititusats gorfaining non-

hy(f[g gﬁﬁ ;g';lr??gla?l \I(\jli”ch,4 rﬁ%&%&oﬁt&ge&y h‘f#j‘?@fén%ﬁ htdgahbtc alter the

prel@lbﬁﬂrﬂrﬂl?&);}ﬁr@édkbbﬂﬂ ahbgtltaémtdoeob ahhlpd(relsﬁeclally chloro and fluoro),
ydr oqui nonedi et her

drid h
hy(HPé!h VQBTORE A RIS B d“'HP%%ﬂm’f%@‘réX%y
E'yg 4:): : gégte?o Zsu%cs%w?em.ﬁzn%ap yg,e?sugf;ﬁtfltﬁét%gar 7 Xy\lNl']I?e c11avmg a

préggﬁﬁﬁ‘é anhyafoc%l%ogl HaQeAT HWhe”@d)rﬂb)(t ofl il Ciﬁ\bérﬁuo?f cbftain

erlve fromt reactant to formthe polyner.
othieprtean mb@mentayp@gopr ¢hain pihierwiseusemppsed & ngarhen atoms.

He %%%tgg{es mc&: gu@foa&?%ﬂ;?rﬁﬁgé\?rg né{l'(%/ 8?\8@@%139 sUbSfflents as
pyn’lltml,[(foqdi,rtbwnyhnn@imgjam\i(lyw insgeneral]l nGa0dprenthdndwar preferably no
moxg dhest b yion WP g subg iR ORE G Bresbatios Moty Garon

atoﬁlié%m\éﬁghywogdrbﬁgr@@ﬁ R' are derived fromthe reaction
of the free carboxylic acid and the end capping

r eaEI(ém{)Ies of hydrdtarbyi @ffoliy flsdsutititbd @#%@ubsﬂtb@d ahphatlc

application, the term™hydrocarbyl" or "hydraoc
(Csubgtalkylene " aspup,hguhstitutedor gnwﬁgﬁﬂtl&ed ﬂw@aﬁedpoﬁzo alkyl
nk| t e
ol LA b ShoutHARGT IR G XCx) Sl o
substitutbe orrunsuBgtitated thid-alkylene aliphatic (€Cao) g;’roluqa substituged or

o R S PSS D5 R Brenc
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alkylenearyl, hetero cycloalkylene, heteroaryl, oxocyclohexyl, cyclic lactone,
hydroxy alkyl, hydroxyalkoxyl, alkoxy alkyl, alkoxyaryl, alkylaryl, alkenyl, aryl
esters, esters with aromatic substituents, hetero cycloalkyl, heteroaryl, nitroalkyl,

haloalkyl, alkylimide, alkyl amide, or mixtures thereof.

In the above definitions and throughout the present application, aliphatic
refers to a predominantly hydrocarbon chain which is nonaromatic. Aliphatic may

be linear, branched, cyclic or mixtures of thereof. Substituted or unsubstituted



(1) hydrocarbon groups, that are, aliphatic (e.g.

al kyl, al kylenyl or al kenyl or alkylene), alicyclic
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carbon in a ring or chain otherw se conposed of carbon
at olfsthergheumeodefiiionsnand deroyaheulr thegxgsent, spadificagjen, unless

otl%ﬂ@isﬁ%‘faﬁ%?ﬁéfe?f&@%s‘eﬁ%@grlés@r?bé&’l‘iélg\)(/' fury!, thienyl

azoly n gener no nore than two,

prekﬁ&? %rgoluﬁ?e[r of BN F%&Ph@é )E);ofh%;] BQE.r ble number of

subs present ever CArbon At ORB
carbont ﬁtenﬁydmd)watdmb g’heuajkyl group iEgemelally alfphatic and may be

RS 8B TR o 55 A S mor
|sol-i5YéH?|Stri lidd, 9& fdri- Iﬁuhgl llmeéﬁl)r@rﬁhcﬁé&)denﬁﬂ OH®xyl, heptyl, octyl,

substituted or unsubstituted ali phati c

degy) ciedgoyl tetgadagy! arg, b§¥¢@QWEde8¢S%ﬂ@GB§i§PﬁRtSH) alkyl refers to
1- éd“'ca[)s r’f‘%’t(ﬁﬂen@elt?ggﬁﬁyf%@g Q%gl)b g%tﬁiépm |B%t hidHoCey@lc or

unsubstituted cyc titute
polynmlbs tSutitabled exampid of ainkorcyalid yallkeh egroap& ongladgl substituted

ov b ERISASASP i on IS L SRR e e o

thdwatymc@w gromsdéi;cﬂlb@dylherew (Sun@bleabic?dﬂ&, alkyldgmmps include

SU%?tWtF’Qr Sy Rebiane Byl 5 Sdciine o Bty dlog At logtane,

iR .2 0 hﬁ&r&cﬁyﬂb@ilﬁ%an@ ebﬁﬂoﬂ{é’ like. Examp|es of
nltroal yl, ha oal kyl", kylt m de, m de

trigychie ur esaliyler eof groups I ringlhde abov é”@i@fqm |4’EQ g;gsg]gn@ecane

RIS IRBRRICT, SPPlGab 88 OLOMRLEnEST TS and

tndyolm{as Bmaﬂ p@]dedanghais enerdipnbd heneemithe huyaim: imkyl grpups anay

havé any o¥ #\e acych allﬂslrgergtjps gg bsu sttltﬂcte etd or unsubst | tuted

Alkylene groups are divalent alkyl groups derived from any of the alkyl
groups mentioned hereinabove. When referring to alkylene groups, these include

an alkylene chain substituted with (C4-Cs) alkyl groups in the main carbon chain



al kyl ene or thiaal kyl ene (Cl1-C20) group neans an

al kyl ene or a thiaal kyl ene group which is

predom nantly a hydrocarbon chain that nmay be |inear
or branched containing up to 20 carbon atons, and
where the substituents are those which do not
typically change the hydrocarbon nature of the chain
and may be all organic conpounds known to those of
ordinary skill in the art, such as ether, alkyl,
ester, hydroxyl, alkynol, cyano, nitro, acyl, hal ogen

of tﬁ@fdlméh@grdlrmrmkyleQOupsm algbsihtlude ashenbemdre afkyne or
t hi aal kyl ene group contai ns one or nnrgﬁsulfur % Bg

alkene grsuperR; the alkylenamaielyowhgre ghane Jetarpdeia Htpg% ghd and

alkefs Bl ﬁ)u&&golé @o@ﬁ' E)é &ﬂ%llggn Qﬁ?lbngr@léodl'vélem h %Earbon

Imtation oct yl ene
groab@sdhel backbanes fecardinglyra diyaltent acyelicygrese may be methylene
e |on nI s ot I d
1 1SBE ARG 52 o L B 2ot 25
dmi@twn-QtBede)aBkyﬂe badisogr. iSimdaﬂ;y raadlivalentioyuic ali{yl gmtlmnmay be

t ons _and, val ence. e yl g ener a
1,28 QPR A ORRIONGIE. b 2oy d13°% o5 T decldheiyiRng  antl the ke, A
dwéleﬁlcwéw:ls)anky‘itgrb@&a ﬁ]aeqye: hh§ of e BricyeR® alkgl GRIUPE! mentioned
hyl , " n-or 1so-propyl, n-,1s0, or tert-butyl, |inear

hmﬁWHﬂKHﬁched pentyl , hexyl heptyl, octyl, decy
dodecg tetradecyl and hexadeg%b Unless othermnse
ora

st Ay romatlcr gfaups eantain2® te Zdpearbancrtomseinciudingnghenyl,
tolygyig)l;hb?%! \g %fh‘ﬂ&’cfsw ”&ﬁh?@ pgm}éﬁ;n tr%g @E@lyﬁ%ﬁb e like.

Thesgbatylt grtoeﬂscmalyoparmeyl be mpblsuhmeqll witta rahycymt | theepppriopriate

. . Th tLt t f th .
suHiFRE oot s MIboelPBEasRdr B AV SOIES) BVtenet; PeEingypve
Slnﬂfaﬂypﬁp r%hblﬂae pdhRalent lﬂrﬂdgt@u 50é§[c%sﬁed]rh§f0ttﬁﬁ@:sed in this
bi cycl o 2) octane, bicyclol3. 2. 1]octane

mve;nttgnc |Hﬂp3e®m?wwpl§ﬁd>fml\eqlemtow groypgapalge phiegylenes,
xyl){laﬁeé Fgw%gé@o@hgii Ibhe<S Ynliithe fik&Y! groups include

ricyc ndecane
trig
tri Cy&hpfr%a%nslsté iht9 do'gi@%gﬁg chain_alkoxy having 1 to 20 carbon
atotns, @yd| ioflodas,1tad. @(aﬁjpiecmeﬁwws eth;my; oFEIOphxy, cisapropexy, n-

cycli.c alkyl ar nmay any he al
out§hg Jodut, o SoTHTRADE PR hulodl o fiiRlcye Seiony,
nor@nvfdxent cRickaniony, oumméﬂfylhe&qmyomapmquhetpmow kyand 2-
oups nentioned herei nabove. Wien referring to
emﬂPR @¥e groups, these include an al kyl ene chaln
substituted wth (Cl-C6) groups in the [
carvalkyt mgans aryl tQﬁ@U%ﬁ W‘lheﬁ%acé\et‘j’uﬁl’b%“k%ﬂ@ n@hﬁ r%{%gtue"ts
c n k I
maf Bt B9 Sl ot o B0k, FRYE AL EanRleg of HnSlaRi aralky
havumg i@lte 2docarbanditerink emmudeapbelsylmﬂu{b,memmw diphenylmethyl,

1Bl S 2 e B BRER A o e
Ap;g’bpueterrwnibmamhhydlﬁe Bebstgutgdd Iaranils,n 2giupy | ag i‘gif’"”id 5r_1erem
ha\angreeﬂgeplezvg'eﬁee v%eguse%e §@ aeﬁ* ﬁffi:%x goury”

di val ent cyclic al ky roup be or

1, ﬁlwenemhweee an ailpgaﬂc q'kﬂene moeltw@yeem?éﬁm [Eoups.
b
Exgfles B 1 Bty RV bl S e s e

above. Aryl or aromatic groups contain 6 to 24
carbon atons including phenyl, tolyl, xylyl, naphthyl,
ant hracyl, bi phenyls, bis-pbenyls, tris-phenyls and
the like. These aryl groups may further be substituted
with any of the appropriate substituents e.g. alkyl,

al koxy, acyl or aryl groups nentioned herei nabove.
Simlarly, appropriate polyvalent aryl groups as
deS|red may be used |n thls |nvent|on Representatlve

o o o e



Al koxy means strai ght or branched chai n al koxy havi ng

1 to 20 carbon atons, and includes, for exanple,

nmet hoxy, ethoxy, n-propoxy, isopropoxy, nbutoxy,

i sobut oxy, tert-butoxy, pentyloxy, hexyl oxy,

hept yl oxy, octyl oxy, nonanyl oxy, decanyl oxy,

4- met hyl hexyl oxy, 2-propyl heptyl oxy, and 2-

et hyl oct yl oxy. Aral kyl neans aryl groups with

attached substituents. The substituents nmay be any

such as al kyl, alkoxy acyl, etc. Exanples of ,

”anurﬂ#e‘%ﬁf? f‘ré“d( L{zew mﬁem tmb et %mﬂuﬁé&rrg ddmémgmed

phenyl e et hy phenyl net hyl, 1, 1- :
to mcmdemfyrmfmlsgltplws gtltmentslofzorgamczompgunds In a broad aspect,

theibeigﬁ%s?{l? g}éé&ﬁﬁ@ﬁsﬁ% E)n(?un% %uvgg:hé raléﬁk y’ﬁﬁ’ gﬁbg%{érﬁheand unbranched,

carﬂeeywhbkmdi h@temcyclimwrmaﬂesandatdreamahamcmhsawelmes ok erganic

as a al ent ar Kk aryl .
coraaihdioMFtae, RuBsiientr Sidlis.  for,cxmplsa Hiisty dppcrived
her@irtibebe. THa pBIABsiBlesdbstinfnts cén %eeérhé/ beRpradd the same or

1- phenyl propyl ene. Furt hernore, and as use
d'ffﬁ@félfw apIePtiaerArIaNiE QOMRAUGS. For PHFRASABIoK (Rig '%ent'on the

het'eFt‘}th’lﬂg éhé %gr ng%gbﬁl ﬁwaguhé\‘}é tlﬂﬂ%%rpfsuﬁﬁg‘lﬁgh@ and/or any

mpounds. ect m ssi ' .
pemmbsbhet subatlwemﬁ: loi deganig clompasunds c@&ﬂcrlbed rezgiohwhichnsptisfy

S g i R e L
any handbr By th@p@ﬁhﬁlblbmbkﬁtuem@dﬂdﬁgam@ compaopds, those
descri bed herei nabove. The perm ssi bl e substituents

CanHARgen erefdrs BT fucking, ChRrifidnBnd bréiinfries rdthbuglerfluorine and
appropriate organic conpounds For purposes of this
chipriye Atq Bigfera het er oat oms such as nitrogen may have

hydr ogen substituents and/ or any perm ssible
subthe maielysY'ois daryadfror dhp sliolarr siadlar PB@(H’OH@?%W] form the

polfef Ny'Sahy BE%XEF?\%IM@& ngﬂgeﬁzﬁfs%@ﬁtlﬁ@d 8F QRSUSBitutddt hfkylene,

ventlonls not "I nten O'belimted In any manne
sutistituthd opemsubstitbled thiabalkyleoe radlsh@tfc (¢ gem) greumssibstizited or

un%’%}sﬂgﬁeg% Ef(glﬁ%lﬁyltﬁge fﬁyg)%([‘gmt 5 bestlglf,t§¢1 ggnéﬁ nblﬂSXy alkylene,

alkdkgarpDizgkenéestet sisystiveed fwmnahhab@brblngochmndlme such as

Ph eI GBIy B AR BE SISty Parka Cyieg Rk, hefercdiy,
het%%%‘ztdi&%%leﬁekwséyl?@k' faetcifé, thdryal Lﬂ)ﬁsﬁﬂﬂe@' B9, | Bydroxy

rouP substituted or unsubstituted

allly hysapivel, ot pik. calkoryand.alkReneania aeragt, alkenyl
k I '

sl 84 ARl AR ol 088 S Y

alkylim'aiet lelMybmldmtaa’td tmb(ﬂﬂeartyieredietMom cspebx[lal kyareples are

| oh
melgtsh el Elle, JRVEHB G HelcHa bty 6nen, itkEnes, ksphenyi-1.2-
ettﬁléﬂkoxmﬂidéﬂwéne abl‘ﬁ??éhe@héb{ latedl X B¥A6P-nitro-1,3-propylene, 2-

al kyl enearyl’, IkyI aryl , enyl substit ut ed arvyl
broaperastiyi- I3d%fepy|ﬁ€? epelyemyiqsmgwpl hebepyateyt.2- 'dihylene, 1-

befibyid@AL X nyidi 0al kV1 . abkibmde. al kvl agigeraneH.ch,—,
Urds t Nereof. Nore speCifi ¢ éxanpl es are nefhyl éne
—O(l-izol-laS):Hzal-layi ene WCW%&HMt yhemy|  derivative,
-.phenyl -1 eth 0 | ene
na@ify ol apBvSAT: REVAOTRY | Popyeprrgm,soette. 2
prdf)ympﬂelﬂwtibétatb BEPLOPY (G OTH ) hprapyeeney phknyl ether (-
phenyl ate-1, 2-et hyl ene, 1- benzyl ate-1, 2- et hyl ene,

- CH20CH2-, - CH2CH2OCH2CHR2- -, - CH2CH2SCH2CH2-, or
-CH2CH28CH2CH28CH2CHr-, phanyl derivative, naphthyl
derivative, anthracyl derivatives, propyl enephenyl
acetate, 2- propyl enephenyl acetate
(- CH2CH2( CH2CO2CH2Ph) , propyl ene phenyl ether (-



CH2CH2( CH2OPh) , propyl ene phenol at e

(- CH2CH2( CH2CO2Ph) , propyl ene napht hoat e,

propyl enepht hal i m de, propyl enesucci ni m de, propyl ene

crotylidene acetate (-CH2CH2( CH2CO2CHCHCHCHCH3). Sone

of the nonomers which may be used to synthesize the

pol yner of the present invention and which can
CH @H?ftﬁﬂ'{OPHi‘)e \ﬁropﬂaﬁenqmer@r@te p{@f—l‘?@ﬁ@(@l—b@ﬂ)éﬂ’ﬁ) Prépylene

glycol s, exanples of which are, e ene

n@pr&hoqﬂeerp@@rlg@ephthphm@ﬂ m@p\depewccmlmlde propylene crotylidene

a%etg{1 eP é%rﬁ@ﬁeﬁﬁg@ﬁgﬁﬁﬁaﬁg@: trffothé moRSRBA Ghich may

bl ey kdisyhinedizx et golymerloingiee prevedit invention and which can
3,6-dithia-1, 8-oct anedi ol Exanpl es of aromatic di

iols
re@,r@sezrtghe,Yspgmpae%@qehprefe@béy &liols, angyalycols, examples of which

%’ %trl}é%nzgeﬁ&gspﬂr ﬂ%bgq%&g%@fagl%ﬂ% 1gI yeol, 1-phenyl-1,2-ethanediol,

Z%eompezifnﬁrogm&Mpaaecti on dibl, phenylzumﬂthyi 2anitmb-4,3ebropanediol,
digltg%lil%'d i 5{)&3}%‘1? S}'\gbo Cga(r)\f g{i ﬂ Sgdllol 'Examples of

afoBiie GRspra e sl AR ﬁﬁ@?e% ek Phenyenediony)-

d|§fhaﬁ|‘rol Q BessnRinedireébhen PpREmIAateot 2¢tiiahddibl aeflved from the
pht hal'i m de, reaction product of gl ycidol and

reagtien of pheeylagelic aeid @nduglygidekireaction RPgusiaei 9lygido! and phenol, |
B8R BUE el RRGRIRE oo ABoRYPT8Iuct of gysito anc

ngplitHo deid] Vredctfdrorprbd@ctdbﬁlyiymﬂdldanqbrmﬁbrmeae aarforoxgzllc acid.
acid or capped with a cag&ieir&gq group, .I'n qne enb

Otfierg narep fpdgtion Rroqueh Af gad ghgwqﬂm de, reac %on product of
glgﬁ QBEiﬁﬁdz‘Eﬁgcrm‘méeaM gécflcblgﬁ%@@ctsd? d1 apld' sHrbidrSeid.

'S repreésent ydroc group as

desci bech phey! Ug#y P?&jﬁ’ﬁ)l(ﬂg% 4 5l fyha%}éb%bt BF $Hof of the

pEhUEiti dadb &) growsts degved froad thad dldm&ydndé 61es§&ﬂ))as a free acid or
cycl oal kyl group, substituted, or  unsub tﬁ'nl tute
cennqshwrth@ ERRRINY GFOUp- yln i amboginent B ﬁm'webat least one of

R“Qﬁd‘kﬁ?tlbtrlé&%%ef\ éQOB &1_\%2@9%% @ﬁbm%ﬁrs»frucarrewanMVz Zis

be exe ydr ocar 1 nking group as
repessantoe dypa érvdmndrlyylagrdupmmesdrlbed frevioullyt andexedmplified by

sulliter, oo s Cotfulbe: AblRie o/% ofen) eipRLta) substituted or

uldspaky | ﬁ@aﬁbos(]%v@?ql)' bgydidalkdgiup nsubasitutéd t &d unsubstituted

al 1 phatic (Cl aryl droup, and substituted or

a'lphaillbls(tﬁﬁhﬁzltoés@rﬂl grobat pd (substiRagd Arkynsebstivjed @lipbatic (C1-Czo)
A rfp 8 Bho S Berbifbh SEhBalstelinking group as

dewme@préﬂﬂmus]y Rinldasrémplifiesthd asmli)stltuted or unsubstituted aliphatic
met h butanol, 2-nmethyl-1- buta

(G- ﬁm)h;ﬂ'k}’lefﬂﬁrt SFRHD, t%rtﬁt'ﬁr@dbLﬂranWFSUbéy@t%‘per?ﬂ'Bh%‘l'C (C1-Cz0)
C@‘%@gﬁ%%fﬂph suB?ﬂTa{e‘d oﬁu#%@@%ﬂﬂ d aﬁpﬁlﬁfg i’ﬁf’ kfyo) aryl group,
ald rmmsltltLaed d)rherrisubeﬂtut‘echmhbbatmf(@l@zomalk)dmyéarybrgrroumg; The
coppound useful f eact with the carb lic, aci

alGABb CoanRinG grakn R oHa Ty BF sisheSxans Bt Y ppstnagor sthanol,

d f t g -

PRPARGY T SopfondRieh, TG, ' BB0 D PRIHEIN B ARG), 2 methyt-1
and can be further exenplified by styrene oxide,

propyl ene oxi de, ethylene car 20nate and the |ike.

Exanpl es of aronatic oxides ilficl ude: styrene oxi de,

1, 2- epoxy- phenoxypr opane, glycidyl-2-nethyl phenyl

ether, (2, 3- epoxypropyl ) benzene, 1-phenyl propyl ene

oxi de, stil bene oxide, 2- (or 3- or 4-)halo(chloro,

fluoro, brono, iodo) stilbene oxide, benzyl glycidyl

ether, Cdio straight or branched chain alkyl (e.g.,

met hyl, ethyl, propyl, butyl, sec-butyl, tea-butyl,



where Remis C2-A4 al kyl where the aliphatic ring
carbons are unsubstituted or substituted with a group
sel ected from Cl1-C10 al kyl, C6-Cl10 aryl, or C6-Cl5
aral kyl group. Exanples of al kyl ene carbonates are
et hyl ene carbonate, propyl ene carbonate, and butyl ene
car bonat es. The polyners of this invention may
be prepared by any of the standard pol ynmeri zation
met hods known in the art, especially condensation
pol ymeri zation techni ques. The polynmer may be
bul‘éMBt hgshethyl- ﬂBUlﬁﬁoSOleWar?nbutamiﬂ s¢y@mpelmdr+01 sydpkaanol 1-

nmerization, or the |1 Typi cal | a dlanh Qr q1
neKandbonbergEal & aptanal Sheping! o FACKRNab SHRNO drpeny-1-
ethgbsvah&%éqm%er Exifiples 801 the YHRAYc iovmmg, E&ﬁp@ﬁﬁé%@ﬂ:l for

an acid, to give a pol yest p ester pol yner
reamyg wéthrthecadabxylic abick whererthe ¢a;rboxnétc¢mu¥ graupdgtderived from

el 5 B R A Y5044 e

oxitiey aikyreme berboeats, eshd cagi e farthes eremplifiec byastysartee dxide,

progiea- i ARUERE Carranags ang D8 dkes FRaples pLaroralic dxides
|ncﬁft‘!eb§9§/)’édé30ﬂ6éd1 Q%pbﬁyt@heﬁomrbpaﬁe @wm,wtmetnwphenyl ether,

anot her enbodi nent the aci d ?rou in the polyner

(2, 3@poxynrppylianzene; twhenyipjanylencoexide. siitbers pxide. ?héor 3- or
4- )Ré?lb\/wnr?g?lu&w lﬁf?ﬁﬁ)t %('k;)' @tﬂbeﬁ@%&%es bc?tnlaﬁl thbﬂ??'étﬁg?e@ 10
straigpt oabtqncbeddmasedlky&h(dz g anelhghsathyjnprqdyl dhuyli sec-butyl, tert-

ouh ST Y B o BB IRIE ke Bpgrenioro
fludrd, drémb! ddtddpisstyy ecidyl haheo| giyadyi BT ke sn’atgm rtﬂdbl’rayiched

reacting one di anhydri de and one di ol reactin
chainalade g ra\remoe(veﬁthoewaﬁrgﬂﬂxa/d@yt%d?‘srv'ém @eptng gand

thea'hké eété}ph‘éﬂ | @u@?h?dff Hﬁh%ld éhl@Fb aﬂu&Batursmél 360)8eh£B@methyl

pol yester iIs | precipitation into a
etheonBAalb@myloxvhenpmhp@dq: échlm}e Htuarige; heamiglediadids). Bylor 4-
t
mESREIRRS 8 38 476 I SR ST GG Chalif RRAT ..
mectm)hyo eﬁtoag, pﬂibexy datodxyo ltnenyloky;mqubylyqstamd thetllketeme)blphenyl

4 4 BB bTR < o ahChiror RGBT yHerSranlied Chai

alkf)ir%(@ \9. PRIHBIY, BoxPEpiopokit Bistory thekyldxd; heptyloxyI Hn@mlﬁ?e like

ment the pol yner of the present conmpositi S
etoyaanhtiaalege.c? BQEW(q?hW@d fiugra, Meprags iwdojré- rﬁﬁﬂ@émm%nhthalene 2,6-

t de
i, Yo P ehAIP A BALLRES Ao RBR ROLKTS, bton
hewlgx;oupeptykgoyoum ctieallike etc) namilsaienle; n@;7td161 polsjraight or

i nk I
oS B0, P I, BB, OB o
g ot gl 4.7 o e

bragag,t jaddg)-£rfeir-or Straight 9k jbganchgd %qu@nqlk%*y?ggosg]eit%gﬁynfthoxy
Pfdgﬁogermnﬁ% g} Wv%lp’fiﬁéw REPIRESIiIA btREbHIRABHE 29, 10-bis(4-

mer. The crosslinked polynmer is
C1td straigbt nnlbaarmedmhalranall@mv(e@f Ieethoxse elaexyl, rjopoxy, butoxy,

s r n

ne&EREchSnIRaR. AL VB! R "p eI s hrarens, 2o ciridhy or
braehiet challalkyl(eag o uietiyl DeBYn prcmytfmltalb bgc-butym tekidouttyl, pentyl,

4,000 to about 60,000 and nore preferably from about

10, 000 to about 30, 000. Wen the wei ght average

nol ecul ar wei ght is below 1,500, then good film

form ng properties are not I8btai ned for the

antireflective coating and when the wei ght average

nol ecul ar



wei ght is too high, then properties such as
solubility, storage stability and the |i ke nay be
conpr om sed. The antireflective coating
conposition conprises a polyner, a crosslinking agent,
an acid generator, and a sol vent conposition.

variety of crosslinking agents can be used in the
conposition of the present invention. Any suitable
crosslinking agents that can crosslink the polyner in
the presence of an acid may be used. Exanples, w thout

hexy I'ﬂéﬁﬁﬂ' 8 ttﬂaf likEHER)- grms&b m‘ét@glﬂ%rﬂrﬁné{éﬂ ér%ﬁh Bfkoxy(e.g.,

cont | am nes, y I's,“glycoluril, polyneric

meghaxyol @thdxv, becmxguabatﬂxwte haxsé@xy hyhepioxy| kand  the like

etc?%ﬂg@%%%g?,ﬁ%%% 2%{9, d(]?{jl nyﬁ?i%%?ﬁéﬁh%@b hglirpﬁfkg%#grga ethoxy,
ethlokic.e dwp@(yei bmoxyretﬁwlylom,l dreptydoxygl pod! the | likel |dte)phenyl)-2-
o s RS s ol 1 RIS gzront
hekb%ﬁé&hogtﬁﬁﬁénw%@g a@ﬁfia;g Sjcp%ﬁ{é&%ﬂdieﬂmz&&ﬂmm @BE4684-t-

and i ncorporated herein reference

butythesyiohyridyl eﬁgpéntnnh@nalowtyﬁe? toglyeidmeathsy 44ttenty-8-(3-

at |
L T
tetngnglyapiyhredhm rwﬂbmhenulndlga/@‘ldﬂ ptioerp atey Exampbesd of aliphatic
he ther.mal engr at or TAG e
ol dAPEER R e SHFeo OBy S6r Rt she FebsgMeuang
isopatyRinet &adén12chtylehe Cdkldeaand E@Bibuwmdﬂe tolxielep qzieﬁmneabdlde
propagat e, crossl i nki nq of the 8 qé/mi 5/0 fent Ig
cyqlphexene side, deeyl diycyl gthareand fedeqyd alycilyt ethgr-a 1(%1“9'98 of
alkgféﬁg cafbchadel nelide tA&deormp&iifdsaidving fﬂéefohjﬁ@fa”a' acid

enerator Is activated at above 90C and nore
preferably at above 120C, and even nore preferably at
above 150C. The photore5|@t filmis heated for a
sufficient |ength of tlgé ct with the coating.
Exanpl es of thermal aci lerators are netal -free

i odoni um and sulfonlun1sa s. O her exanples of TAGs
are nltrobenzyl tosyl ates, such as 2 nitrobenzyl
tosylate, 2 4-dinitrobenzyl tosy

wheres Reg if Cedledlkyl whees, the @"Phﬁi'ﬁu rt%samﬁ Argsypsylbgtituted or

%‘ﬁltﬁ?t? l‘%\allgllr% %W%el%&%lhtf enz 1|0 alkyl, Cs-C1o aryl, or Cs-C+s aralkyl
gerchIE)qammeﬁe}ﬁ@&VIemmaebo@Ies are ethylene carbonate, propylene
Car&’éhé?ﬁ%@@ﬂ?’b’%’i‘e ga@ﬂé%t%?iegzghl ?oﬂlat [eoesters such as

s aI fﬁe 8pﬁ16?nﬁtgﬂ<?qxt}ﬁgemégrqt?§nu Ha?/nge %'repaalrgéf | byagny %'f Y2 standard
polymerization methods known in the art, especially condensation polymerization
techniques. The polymer méy be synthesized using solution, emulsion, bulk,
suspension polymerization, or the like. Typically a dianhydride is condensed with
a diol or a similar compound, at elevated temperatures, and optionally in the
presence of an acid, to give a polyester. The polyester polymer may be reacted
further to modify the substituents in the polymer. The resulting carboxylic acid
substituent derived from the dianhydride may be in the free acid form, may be

reacted to give an ester, or be attached to another polymer chain, or be mixtures
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acids, such as triethylamoni um salt of
10- canphorsul fonic acid. |odoniumsalts
canbeexenpl i fi edbyi odoni unf | uor osul f onat es, i odoni um
tris(fluorosul fonyl)nethide, iodonium
bi s(fl uorosul fonyl ) net hi de, i odoni um
bi s(fl uorosul fonyl)i m de, iodonium quaternary anmoni um
fluorosul fonate, iodonium quaternary amoni um
tris(fluorosul fonyl)nethide, and iodoni um quaternary
amoni um bi s(fl uorosul fonyl)imde. A variety of

of thessairi stheéaRUDSRGEMS. IMapbt &rabedienemt therfreanearboxylic acid is
derivatives) sulfonic acid amine salts can be g{;{pl cR,/ed .

polymer is

reagtedtqdorman ekl (IanpihemngRBogimant Jag gcidgrouiin
parl}s’lgrf eeé:tabléh Qﬁget én@tﬂ@r z%odﬂngrﬁ]thé%lﬁﬁ@ |§af&|§l7e§}éﬁfled that

y the TAGw |l have a very l'ow volatility at
is, themolyraerndaas naicaaiain armfrgg@gd Exanpl es of TAGs are
those sold by King Industries under Nacure and CDX
narige dislscareTipically cendersedewii2 28 least @nebXiphatig Mianhydride.

oA e LS DBE RPN 350 B Pl

diolmin hy Isuithbler sbivem. K'I'hi@ ;iolymet rmay , bé\Nabtaihkd Bpmeacting one

a5 e o okt B S RS RS RS ancor

dioll Wher atl Ib&tidHel ®AnhyIrRIcQ8 aHMBIpRATS diahH|drititat Ehe Eolyester is
conpounds, nitrobenzyl esters, triazines, etc.

isolptest by peeciitieliondntp geRepRaientar dhgnpolifestar (gayRe further
o WPHECTf 08 g PYRRAATHERE B Cabbi,compouncs

sucthi ad &lgbholedalkenenosiaet ar, carborates sTivé oeadtion silths poaﬂeater with

m xtures therepf The
the b o Suri Ay b doneiiionBryotanh oL s PO Br e the
isol¥#ti&l® o ireLolyrReding!tinal polp ik efigbbey isolned afd dredg ht %

to about 70 wei ght % and nore preferably about 80

veijghéndehibotitAeiht tHe pelyetdr 8 theepadserne cb@lpbbrﬁoﬁollsl shrtially

portion of the conmposition. The anount of th

cr0§$lts$§¢ it irgrease theemelecsdar weighb o Incedhe d’éW’O%rr 5 syndhpsized
the}f@lﬂﬂoruq{%ggqug& d 5@;”@' vt a%bmg)bﬁhﬁ rvggt]kﬁ’céfﬁ ph&d IR grdfp or

relative t Id portion~of
groups capatipodfi ¢rossunk‘ngethanmjwmenf0tt trossliyiked gesing at egpsslinking

eod B R BEER b7 S GRLal R LRI (8, o

polyvaeg hiay®beafadilicared bgrteéqubés/wéll WaowHo thogeskiltelin the art, for

exaEGRIR B3 SeUR andlor Calglpiita T Ne Al oreRsuking i fstepingd by
the Qdesie@NShy sﬁd&@tanﬁlaéhé?ﬁcﬂlsﬁl%péﬁfest HEtHY BsI§fer. The crosslinked

conposi ti on W thout imtation, are propylene glycol
polymabrietthen fermulatest éntat an (amtivefigctiver eggfinensompesition of the

pregB H?érﬁ ¥, ether (PGVE), and ethyl lactate (EL),
eptanoné, cycl opentanone, cycl ohexanone, and gamma

PRI Syt RRET SRS el o,

abdupxiis0tty, algun d 80O, peefarabiys rborbabouty4, pt)@m@raﬂaoetsﬁamo and
I f

mo eeB%fgralbe rcr)r% a outd10 000 to about 30,000. When the weight average

molecular weight is below 1,500, then good film forming properties are not

obtained for the antireflective coating and when the weight average molecular
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The antireflective coating conposition conprises the

copol ynmer, crosslinker and acid generator of the

instant invention and a suitable solvent or m xtures

of solvents. O her conponents may be added to enhance

the performance of the coating, e.g. nononeric dyes,

| oner al cohols, surface |eveling agents, adhesion

pronoters, antifoam ng agents, etc. O her polyners,

such as, novol aks, pol yhydroxystyrene,

pol ynet hyl met hacryl ate and pol yaryl ates, may be added

weldghit 1B g ARéh bRIperiPYich As6I0BiliRe Blopadasr®ilitp andthe like

negati vely inpacted. Preferably the amount of this
mayde,GampoRisedht bel ow 50 wei ght % of the total solids

of the conposition, nore preferably 20 weight % and

evehherank nﬁe@tfvgrcmhyg [sempRsition\gemyliisegea polymer, ﬂq@osshnkmg

agdii! éﬁﬂ{:ud 7 éagétg)re%ﬂnﬁtd St Joh@o%md ol €f | ective coating

99 the exposure wavel engt h and ot her

?ﬁi’*é@%&%@?%ﬁ&%ﬁﬁ'&ﬁ%t@ PRFEA 158 HE8a (308 LoRERERIdR of the

pre‘sent 1@ ntion ex pogu seitalsla gessslinking agents0 tHatt caaboosslink the

referably fromahout 0.2 t bo
poljingt P lngiepeas olisgLRo8 TRy b5 Cerd ExgMpies, étnelblifiagion. o
sué!ﬁb%slﬁ%ﬁ@&@&ﬁ%réte rEBs\anteninh rmbrRMigéS, anbihyiols, nglgeoluril,
ranges from about 1.25 to about 2.5

(n Preferabu¥&M
polymerir giyaluris 3benzogyanaminey uremdhysspsy glket @mides, graxnand
: 0 i
op P Hinice Fesif 8e jsdoyatiiel Sald iR imBRaRGRL.! Monomeric
meldmineant i lile | echexmméthbnwnathyt he roeldeinef alglyeoluris nm like

e lbrb s L) SHongl ThRARRS, "R

bis\ﬁzdlﬁ)b(Yméﬂlyﬂfp dr%Bolnmaylﬁﬂmsedn¢rbsmmk|n\gaa@r&991|mbsed in US
ere the photoresist fj e thin and nust
2006/005 246t ARA. INaPARleghiow o (1GISNCR] GES e piggSiinking

agémt.s @eéduﬁ%r ¥BtddddThy Fedctinh o 1845t R {rcdllﬁ\ﬂ Wm@tmm at
further subjected to dry etchlngW
leaéh@hglréﬁ@fd/et Ramppred fdontainiag ¢t '§@$tf oRRe tjrqul awune@raﬂ/or at

f ient purity that the properties
Ieas?g %g&seqmguggrﬁ%tféjorééégw ce are not adversely
af f T c td
oL L e SRR gRH TR BRCHT b SBbi oy h oo
anpfleaftmend than upondesting geaerdies arneacid avhichl can rehet with the
concentration of net I.ion nd to reduce rticles. .
polyRier ] Peanadals GEosehaing ¢ dBRRRYTPEN Preseghdn dfie JAvention.
paﬁﬁ@laﬂygﬁbfeﬁlﬁe% @h%rdr@cﬁéldoé@ﬁ 4€ld skIFsME dcid.t Presatably, the
in the art, such as dipping, spin coating or
thespahgtid generaior Is antivateskatcahover Q°ﬁ>ea@d1mmemref@ra ¥ at above

1224 DGR B ot TSRS, PR R BoT Brgrec
forcélﬁﬁ\‘ﬂ&@ﬁt |@n§w\f ofi thh& 18 rdR0 Uith tAé cbamwit Exaeipscofahgrmal acid
resid vent and induce crossl

and t hus
gene@zﬂra bane| mety-frace lmﬂlu@far&twgn@wﬁaﬁa {¥her examples of
it
TA'&% eﬁlﬁéﬁ%ﬁﬁﬁ&?@?(g% %ﬁgéﬁgﬁ#@%ﬁr gr?ntoggl%tté @ﬁ der ﬂSbenzyl
tosyladet zzssdmltrdb‘enzwe tosylgier dtmntreberszyb eﬂoewam:daemesulfonates

suef osdi riceny iR Bety SIS, ' FRfiobGe et

 ifRRRSENGI-6-PITRSBINL)I0A-niTRY bbmwbﬁaﬂec shénollensulidniate ebters
filmof photoresist is then coated on top of the

uppernost antireflective coating and baked to
substantially renove the photoresist solvent. An edge
bead renover nmay be appliedé6after the coating steps to
cl ean the edges of the substrate using processes well
known in the art. The substrates over which the
antireflective coatings are fornmed can be any of those
typically used in the sem conductor industry. Suitable
substrates i ncl ude, mnthout I|n1tat|on S|I|con

1 .. Y | . Y o



Phot oresi sts can be any of the types used in the

sem conduct or industry, provided the photoactive

compound in the photoresist and the antireflective

coating absorb at the exposure wavel ength used for the

I magi ng process. To date, there are several

maj or deep ultraviolet (uv) exposure technol ogi es that

have provi ded significant advancenent in

m niaturization, and these radiation of 248 nm 193

nm 157 and 13.5 nm Photoresists for 248 nm have )
suchyas paehyl Iaaaattbaytmhmesmlhmaite;ualbyl poMomwm sajtst gfr @riganic

acidhy surh pedBvVEETHENGR L3616 oo BufBak R Jodonium salts
carPt hgye hargempifédr esthyst s |6@din|&rxp08lﬂt16rdwlfomatéép nriodonium
require non-aronatic polymers. sjnce are
t”S@'HQGI?é'"@t‘V'tW%“%Ve!%ﬁ?@t‘ﬁ“ UQ'S?'M%S@@EHE »~ iodonium
bls@ugl%guﬁgﬁw&% osi%dBHB r e(ﬁ]@&érﬁal"'{ﬁefalrtllm&‘ilﬁml9:ilut‘il“l‘isulfonate

Xposur e nerally, yrrers containing alicyclic
Ioddwdmo cquajermanar @mlB@dUﬂhor trigtfooresstfprylnethidee x @pdurigdonium

200
a8 AR, B o2 R9BRo S e i one.
napghti®dlele o beataid detmativbghsmmmoamdcammersagercanabe employed

a5 e & BHLgnG e ARRAERNG LS. di- FeBy SO, 4,200,729,

4, 25? bﬁs'éfﬁi L 1*8'795‘IQJ|F&§ﬁarét5I?ﬁﬁétTAIB Wlﬁfmbaé %ﬁﬁloMSolatlllty at
43,624 discloses pol yners f|ohot oresi st that are

terrmatgmgbegwer;nem aaa%@ Ep@mpteero z AAGSnaKss ﬂ't?&Pe?’f;!d by King
R e A SO RES) She S e N[0 anc

CDOXrereBE] egrich ked dodetiBoénzbhe, Sffonanacit/anting 2alt 48@pliechdt 25-
Jncorporated here erence. . T basi ¢
30%|aghvBEINAIOpYENS SbigoLihelrs Blier fisin KinayiagisifieS oall Gonn
oeg¥2, Ugpori nated pol yners with pendant fl uoroal cohol
groups, are known to be substantially transparent at
t hafh QY Rlef Nehpoditich Cﬂnﬁ?Sflﬂfhe%Eoﬁtﬁlrf | 2 QS HRAb &S Ofenerator,
photoresists iIs der| ved Trom pol ynmers contai ni ng
exagmdap@fswbhhawnhwtohmﬁamwrwleb@nwahéelts,aﬁ@tfca}aée Compounds

BB AT A, SECCHATIGS, Mbadi o rgoriom

salfs, Zl@d)sﬁiﬁ&naterektéls &, Bytixgindidlesisspagifically liphanyt ajdmum salts,

. catal yzed .or radical l.yner.i zatian. ner al | t e
wipfipds Safanign, 53l o AlaB BIPUAC S PR oply SRS and
miv@lresRer@begh resistance due to their high alicyclic

content. More recently, a class of 157 nm

f1 upkO AnsAU! ofPley pBIyMetaR fﬂlésﬁfelsbﬁﬂ compobitioh ¢dre vary from

pol ymer backbone is derived fromt

ab@;tc%owetgtnhﬁfqr to abows blowelght a(symﬁ%’{f@l'l"& Aoyt 85 é“’%%h/C’éQ about
70jelof s AR BHAEruy el 9 084816 gooup 70 welgnt %
reldtiheatoche siolid Iaestlcnt ofTihe hovon magytican dT Ive acmwt ng the stosslinker in

Proceedi ngs of. SPIE Vol . A4690_p76.
theg PressibI PRSER, 6" overk Tlop GHPRE 7 tor pfebsg; faidh o
prefdiBbR11 9 J&tghtAb)to abowss Bonwéight w Eelatl\xeetoamemllalb;b@’tlon of the
absorbance at 157 nm but due to their lower alicyclic

content as conpared to the fl uoro-norbornene pol yner,
have | ower plasma etch resistance. These two cl asses
of polyners can often be bl ended to provide a bal ance
between the high etch resistance of the first polyner
type and the high transparency at 157 nm of the second
pol ymer type. Photoresists that absorb extrene

ul traviol et radiation (EUV)!70f 13.5nm are al so usef ul
and are known in the art. After the coating
process, the photoresist is i magew se exposed. The
exposure may be done using typical exposure equi pnent.
The exposed photoresist is then devel oped in an
agueous developer to remove the treated photore3|st



Each of the docunents referred to above are

i ncorporated herein by reference inits entirety, for
all purposes. The follow ng specific exanples wl|
provide detailed illustrations of the methods of
produci ng and utilizing conpositions of the present

i nvention. These exanples are not intended, however,
tolimt or restrict the scope of the invention in any
way and shoul d not be construed as providing

condi tions, paraneters or val ues which nust be

corHpbsitigied Tﬁécérﬁémmaimné oy @éﬁerbtbrnh ahb iprEsdrit Q:oﬁﬁpﬁﬁ;ﬁnh can
i nventi on. he refractive index

vanyrfepre 19e! ar@sght p@ .t@ ﬁbpkt) 5 \Y%ﬁ'gl@s%oprqf?(@b%@ preeight ¥4 tpegbout 3
e 3o old BR8] FudGho 1 ABod2 AN B rdtho & e

soliggpartion of thelmonmsitioe: s was neasured on a Cel
Per neati on Chromat ograph. Synthesis Exanple 1
400pypidal tnﬂimﬁs euseatasbmdogttlmes arc akbne| dmdtycan de, ugsD for the

Preg%PBF¥%§g§ @l’g&lta %{notégep cléré{lé%ljtgx/ apn%r}\iolrjnrgthyl ether
acéiﬁléOGMMEhzt;b‘r@bﬂéﬁé dyeol( MehEvhbtHye ethet {RGIAE), ianticethylGattate

-fl ask a condenser, thermal controller and a
(ELe 2theptananes cyslprentanpnm r cysiahexgaaneands gamma, Sutyrelactone,

but”lbéME{) PEREASAY % bP mikdrds tréfré&rar@ Srefifed OSHIVeAR with a

)t al ned at s tenperature, the tenperature was
lowee diageee taf 1B, good mmiatingi anstl spiubilily repertias rare 3g@ejally
regsan%[ opyl ene oxi de was added. The reaction was kept at
P for 48 hrs. The reaction solution was cooled to

te tu andsovvl into larg no
of Tt oPRTTREChfe, O "oRRSH ricghiuisGharind R iBbymer,
cro@@lﬁdk@ﬁhﬁd aoidl géﬁéﬂa&d dsfrméqugbhv invehtiowahe ra sﬁitaﬂﬁé lsglvent or
t he pol yner was %BI ed in a vacuum oven. dﬂg
m"ﬁB'[e;‘FrT@F SRACTEBt 2l HBEN \GOMPOReRls JRRY RRer ?e%fehaéwe the
peifGinttiice ( MVheT caftilgl £8: MREhdHhERE -dyes, lower alcohols, surface
leveling agents, adhesion promoters, antifoaming agents, etc. Other polymers,
such as, novolaks, polyhydroxystyrene, polymethylmethacrylate and polyarylates,
may be added to the composition, providing the performance is not negatively
impacted. Preferably the amount of this polymer is kept below 50 weight % of
the total solids of the composition, more preferably 20 weight %, and even more

preferably below 10 weight %.

The optical characteristics of the antireflective coating are optimized for
the exposure wavelength and other desired lithographic characteristics. As an
example the absorption parameter (k) of the novel composition for 193 nm
exposure ranges from about 0.1 to about 1.0, preferably from about 0.2 to about
0.75, more preferably from about 0.25 to about 0.65 as measured using
ellipsometry. The value of the refractive index (n) ranges from about 1.25 to
about 2.5, preferably from about 1.3 to about 2.0, and more preferably from

about 1.5 to about 2.0. Due to the good absorption characteristics of this
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Synt hesi s Exanple 2 210 g of

but anet etracar boxylic acid di anhydride, 36 g of

pyronel litic dianhydride, 84 g of styrene glycol, 80.4
g of neopentyl glycol, 3.2 g of benzyltributyl anmoni um
chloride, and 1500 g of PGVEA were charged into a 5 L
-flask with a condenser, thermal controller and a
nmechani cal stirrer. Under nitrogen and stirring, the

m xture was heated to and kept at 100 C for 16 hrs.
Then 760 g of propyl ene oxide and 3.2 g of

corRB&id bt O3 iR UE thiMafhicdetilR: i orgidestded BRabout 40 nm
reaction was kept at 56 C for 36 hrs. The reaction

mayobeitused- waisc ifoPagioularlyoadvaniagraust When Jing | & poparomatic
L k0 : f rq |

orBRRe, AdEah s SORe A 19EARL 570 S8lagaiahelongv,

wheieo theu ghbioresish filves are tRinnahd ynusteapolgnan elets roaskefor the

in a.vacuum qQven., K 410..q.0f,.. polynmer s ,obt ai n W t
iRV SHSB0RE arETSAnifLE ooRRa B @Paf tht' dubglare
and i9ffuh¥Cistiblectdd Zo natly) et@hitg2 it & Ervisigitenyhatceid ¢ilm is of

acid (0.2 no ') wer e added to 200 of PGI\/I?PA in a 1000
suffigieniih i metal ionlevelcanghe! Rlicient Purtyolatthe, properties of the

i b L | | iod8si
soREGHBLAE b dindladrga) Sy ATy g0

g | .
solafiorboft thaeroltmercthraughyan ionaexchadge soluann, ddration, and eytragtion

o858 1 4 MEETHSBAAD L S, G 1 e

partioles] a honbgeneous sol ution was obtai ned. The
reaction was kept at 100 C for 5 h and cool ed down to
I 00Thé enprsfirttives codtity Gombopitiop ik eruated ioetheasulssldae using

i n. above m xture and th eaction continyed at 50 C .
techpiaisel kpowndpBpse illec 5 16 ,at, SRR a5,dlicRieg: SRR coating or

sprayiRgl PTREtRE thibkWEdsess wachrtirsficdtive Goalihg radesBbmY@sout 15
re-di ssolved in acetone and re-precipitated in water.

nmtheabost 809 aIMm.waEhajealingda dudar haatedona kotdlalg Qrsmmvection
f 9 i t ' i

e AT

crod8linkirld). 486 nmls iafolbbiliaingt ¢he aaatinetiestiviec coatidg to prevent

. .dianhydride, 51g of polyethylene. glyc (Mwv = 4Q0) and

inteymingg o efyiery | el iR Eomiciey s fhe eleagdedafl® of

terdpratiir®@fis REMFAboliN ©0tE MBI B0%ES  ITathe adniperdidfe & below
until a honpgeneous solution is obtained. The m xture

90°kathensingauflicieati logs of olvent oF InsuMicipng amemnt of Grogstifydng takes
d . y i aot

oo o, IBhpelushy 60, K0(IC e, ofln’ fyeme

chetoigally unstable. Adiim efgohdonesist iscthpnawatad emsop of the uppermost

it at . . ) T _
anPEFg B il i, "SRl g l¥ G REgEoven.
An Baige iethdrrealovepmayrbecabplied afier trecteatingSitepdtesciean the edges
of tﬁé%ﬁglst?atg using processes well known in the art.

The substrates over which the antireflective coatings are formed can be
any of those typically used in the semiconductor industry. Suitable substrates
include, without limitation, silicon, silicon substrate coated with a metal surface,
copper coated silicon wafer, copper, substrate coated with antireflective coating,

aluminum, polymeric resins, silicon dioxide, metals, doped silicon dioxide, silicon
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600 grams of tetranethoxynethyl glycoluril, 96 grans

of styrene glycol and 1200 grans of PGVEA were charged

into a 2L jacketed flask with a thernoneter,

mechani cal stirrer and a cold water condenser and

heated to 85 C. After a catalytic anount of

par a-t ol uenesul foni ¢ aci d nonohydrate was added, the

reaction was nmaintained at this tenperature for 5 hrs.

The reaction solution was then cooled to room

tenperature and filtered. The filtrate was slowy
nitrigley r atadlunp pblgsiliddne d cevaingcs, Wailureinaitr/coppey  troxtures;  gallium

eci pi th I ~, 1N I filt d, .
arsRRGR AN, BB AN ox-Pr L CBmPRRR T8 SRRy omPrise
anWN&ﬁbér@Qa%rgmﬁadﬁ&thé Mdlefkls dEberit abve. obt ai ned

had a wei ght average nol ecul ar wei ght of about 17,345

9/ neRoterRdists BAh Y AiYEsSthkMySds @sgd imiHY $QRicONEIREP IrRiubtry,

400 grans of tetramet hoxynet hyl coluril, 132 grans
prowﬁeﬁetb]genhgtpagm\gec§pmp9g4nd lgrﬁm;pgp oresist and the antireflective

e T R s

= 5| 8 AR S0 P IO Qb By, 2l PoRe

teclamalogits tthatreave- pmk/ldedesaglhlflcnﬁtcadyahdemenbinyniiraamrmam)n and

thefe, et L TR B e OL A 1o as THBRToBhH b 448 T

haveOOfjpicalPebabn’ ®aatd fdrl t Stigslitutdhe gy yWBﬁsene and its

precipitated in DI water and collecte a filter,
CopRAERRIG/ONHER oA wumﬁs\/ta@%? cmnaw éﬂ Uﬁ é%&ﬁﬁnand us
5,3}‘2(5,?60( rﬂé Bfﬁ%r‘f‘ﬁh@, % forl W?b@'nﬂ?ﬂeqwre
a wei ght average ar wel out 8,

norgArophatien polymess M(wpar@nat}csofaré; opﬁyme hﬁsthss Exaxqiﬂrtgtrr us

5 oA080S5E5% bSAFEORBEM AL i, 9 i Sh8ur

Geﬁér&ﬂﬂewblyrh‘ers eorﬁQﬁﬂ]gThlufylcﬁé lkydtochrtorisharenmseet for ph@toresists
wat er condenser A@1nd a HE hani.cal stirrer 8
for @éB@?H"SrP%’Wt%H% Nihs Aicyelicghydrogarbens gredpcar P@éft‘tﬁ ypiocthe

polﬁﬁBH'ﬂér Mﬁnpqréﬁsér@ Uinearit) fspitieCtriey! Rave Aahimdil2 highearbon to

ded, the reaction was maintainéd at this tenperature
hyd’f@gersremOﬁ ahich impreve etah iesistansiey thayrals@ pravidetrapspasgncy at

ool T TR 82 Mol B e RO . Us
5 84\&§Bé ctilwlmersu gbliymans tfor phtiteresistdthdt iaeel abtalaed/ dnyuinae radical

oven_ (400 bt ai ,ned ner__obt a|
polfH Rz (38 of TR ATy Brifl B st ARG Dol Masters: Bobo the
knoWriBbes 66l 193Ma| pHdtsTBSIES ity O bedEvathas tusedeytrbed 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 pendant fluoroalcohol groups, are known to be
substantially transparent at that wavelength. One class of 157 nm fluoroalcohol
photoresists is derived from polymers containing groups such as fluorinated-
norbornenes, and are homopolymerized or copolymerized with other transparent
monomers such as tetrafluoroethylene (US 6,790,587, and US 6,849,377 ) using

20



An antireflective coating conposition was made by

di ssol ving 8.69g of polyner fromsynthesis exanple 1,
2.174g of tetrakis (nethoxynethyl)glycoluril (MX-270
avai | abl e from Sanwa Chem cal s, Hiratsuka, Japan),
0.087g triethyl anmoni um salts of p-toluenesul fonic
acid in 167. 73g PGVEA and 71.89g PGVE. The sol ution
was filtered through 0.2umfilter. The above
solution was spun onto an 8" silicon wafer at -3000rpm
and the wafer was then baked at 200C for 60 seconds to

eititirfetal Eataipzblictkadisal ;ﬁélyrﬁSnmtionThGeneﬂaﬁy thee materials give
used to neasure refracti

di
highgt ePserbeTRIes R Ve geg ol asme K?S%lf%ﬁ@@ﬁe 48 F%é’ie?'(/é“gh
ahd(yEﬁ’é e6teR. Ml'?re rb&éﬂt%%eclﬁéw B 15‘? M8 f@’érdél’édrﬂil\ﬂpﬁﬁfméfs was

degssibed nmmmm fdw nqlwngrrhaclwene &dqerwobfm.th@ cv@pnﬂwaﬁ'éﬁtlon
of V&ls é\{l@rﬁl&ilgg lfﬁ"’é sﬁ%ﬁr %smf 13&3 BQ%@E&%’ ?ftnffd%r G’rﬂHﬁﬁrl -4-

ron|c teria
hydiS®y-1,68hepthdié8e (Shbn-idhi Kodamef ¢éteadtAdvancesin Resist H'acl\mxdogy

and Sfofsatn b Grepdndy PLab 030908 /PoANET 4T SiE BF258)
or EbpSlyfmsaraich ofl BefluctodiéRe WAtH BhCdefd (WO 53(}9863111-2913 These
phot oresi st sol uti on was coated and baked at 130C

mawaésestyﬁo@ceml%bﬁqrbmge ahén/ |nﬁ%ugté4h% te%begé%wws@'wgchc
coritehl 1t W%ﬁ%@em ‘?18r%é§1 3§%r HQ\?@fov?ér%lasma etch

annu mnatlono m' W th 6% HT
resisdance. Thbess pwe axlassas aif pvdyyneakea;h ten 3@Chlepdeddo prOVlde a

oa 558 DUy BRGNS pEMERHTEHS g o i
traﬁﬁjmeﬁby alAt 5amrﬁ>«ﬁgaa rﬁlcdnd qocﬂgfnr\]éﬂ n;lb’ec IFgwtdu’eegts th:lt abdorb
spa terns, at : itch were observed, un
extg«%aﬁm't?@"@%aq'%twm?@#%eéb SHRyakhBRe ¢S Anehae,gown in
thegyes, indicating the efficacy of the bottom
anti-reflective coating. The depth of focus for the

Sbo)!(ﬁerpfﬁet @b8fin tpr&éb‘ésatiﬁé eplﬂ)@ér%siéﬁsls ahRAERisd BRPosed. The

35pm Eval uatT on Exarrp An antireflective
expasare ngay ohgosione oHsings tmmé pyPafiuse oEQuipgent.4Jdeofexposed

ph(ﬁg é’snﬁrlsfthgmd%(/g gﬁéi @ %%’(%g%@é&de% ?Er ?c%r@rﬂwg%e treated

rom SyRt hési's ex trre moni am
phateldsist 0Thp-devielopiee fprieterably i ahuemuk]é)kdl?mg m Gomoprising,

for eidrapte. etrametfiL SERHoREE, GRIiRGas | Op APEREs 3l yrther
corﬁBn&e sﬁbet‘éﬁgsy\BAﬁr 8ﬁbnal3ﬁéﬁrr@”k@ﬁdcém%e\ﬂﬁfcefpdﬁafédt e the

baked at 200C for 60 seconds. Then the wafer was used
pracgssrpHeiocdavelonmesit and;after eXBP¥s- n and k on a J. A

Wool | am VUV-Vase El | i psoneter, Mdel VU 302.

Ref Fae precessnefi eagtingfanchisnagingnphelasesistsnis well lsgows to those

sklﬁé’& llﬁ"’{hggart %ﬁgéng?)tlmml-d%? thg(ép%%ﬂ@ type Oof fésist used. The

patterned substrate can then be dry etched with an etching gas or mixture of
gases, in a suitable etch chamber to remove the exposed portions of the
antireflective film, with the remaining photoresist acting as an etch mask.
Various etching gases are known in the art for etching organic antireflective
coatings, such as those comprising CF,4, CF4/O,, CF4/ CHF3, Os or Cly/Os.
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The performance of the anti-reflective coating
formul ati on was eval uated using AZ(r) AX1120P

phot oresi st (product of AZ Electronic Materials USA
Corp., Branchburg, NJ). About 78nmthick filmwas
coated and baked at 200C for 60 seconds on a silicon
wafer with the anti-reflective coating fornul ati on of
this Exanple. Then a 270 nmthick AZ(r) EXP AX1120P
phot oresi st sol uti on was coated and baked at 130C for
60 seconds. The wafer was then i magew se exposed using
a N kon NSR-S3060 Scanner with 0.78NA, under 2/3
annuEach idfl ihei datiumentsf réfef@dots abioyenans incogpodatedtsMerein by

sk. The exposed wafer was baked at 130C for..60 .
R0 dN dieRg G JBoaT RIRGSSS 2. i TRloWig, SBEEES examples wil
pRRIde | Gtafdd ¢ HUSRERSAY | o NIBNIrHEIOYMY" @Fi geodwingOand  utilizing

seconds. At an exposure dose of 30mJ/cnR, the |line and
cappesitipas tafr the gres@ntninventipnt c A hgse cexdopleseare mmdr intended,

nGHOR RN e Tieh e preinn gl BB VRS i gy WD 4t shouid ot
bénddnstrakbeas i prév idoaditibne, Gevametdrsf ocwaldesr which must be
above patterns at above dose was greater than 0.35pm

utitized exclusively imgnder & practice they pegfient BveBEPNve coati ng
conposition was prepared by dissolving 2.4 g of
EQ%% mr fromsynthesis exanple 2, 1.2 g of pol yner
'.un.éynthesis 7 and 0.048 g triethyl anmoni um salt of
10- canphorsul fonic acid in 180 g PGVEA. The sol ution
was filtered through 0.211mfilter. The
performance of the anti-reflective coating formul ation
was eval uated using AZ(r) EXP AX1120P phot or esi st
(avail able from AZ El ectronic Materials, Sonerville,
NJ). An antireflective filmfromthe above sol ution
was coated on a thin layer AZ(r) ArF-1C50 BARG
(avail able from AZ El ectronic Materials, Sonerville,
NJ) on a silicon wafer and baked at 200C for 90
seconds. The antireflective filmwas found to have (n)
value of 1.77 and (k) value of 0.16. Using AZ(r) EXP
AX1120P photoresist a 270 nmfil mwas coated and baked
at 130C for 60 seconds. The wafer was then i magew se
exposed using a 193 nm exposure tool. The exposed
waf er was baked at 130C for 60 seconds and devel oped
using a 2.38 wt % aqueous sol ution of tetramnethyl
amoni um hydr oxi de for 60 seconds. The |ine and space
patterns when observed under scanning el ectron
m croscope showed no standi ng waves, indicating the
efficacy of the bottomanti-reflective coating.
Eval uati on Exanple 4 An antireflective coating
conposition was prepared by dissolving 2.4 g of
pol ymer from synthesis exanple 2, 1.2g of polyner from
synthesis exanple 6 and 0.048 g triethyl amoni um salt
of 10-canphorsul fonic acid in 180 g PGVEA. The
solution was filtered through O0.2pmfilter
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The performance of the anti-reflective coating

formul ati on was eval uated using AZ(r) EXP AX1120P

phot oresi st (available from AZ Electronic Materials,
Sonerville, NJ). An antireflective coating filmfrom

t he above sol ution was coated on a thin |ayer of AZ(r)
Ar F- 1C5D BARG (avail able from AZ El ectronic Materials,
Somerville, NJ) coated on a silicon wafer and baked at
200C for 90 seconds. The antireflective filmwas found
to have (n) value of 1.75 and (k) value of 0.20. Using
AZ(The E‘fﬁacﬁ%&%&%’( ‘&h@ﬁﬁé'aﬂso?ﬂ%ﬁ%{(ﬁ?%lﬁbé@ﬂﬁé aﬁﬁ@l‘l@dnve

and ba at 130C for 60 secon e waf er was
coatingga\the &xarmes: bielgw wgreampasuiash @x gobuh.eMogham %%ETM?’OZ
em@g(&g?ﬁgpl waf er was baked at 130C for 60 seconds and

eve ped using a 2.38 w To aqueous sol ution of

t et u r T

o DR B Y BRRE e8 Be g 8PE el Bmegior
Chﬁimbgmphm croscope showed no standi ng vvaves

indicating the efficacy of the bottom anti-reflective
SysthasisExamglé ai s 1. An antireflective coating

conposition for a photoresist |ayer, where the

antdum‘ bfesiitaNStetacdrbbgylic aiEPaiahh pdride rmougsesstyrene glycol, 40

a crosslinking agent and a_t her nal

g @én%ﬁeﬁiﬂmbuﬂ{ﬁmﬂ&n'%er‘:@ loride. p8NYndr’6Corihr PEeB"%erneglVC"'
mobSﬁ%ﬂg@él@er‘é%kghté’f FGMERY U\Fv@re2 cha‘?{;‘&i antoBd $ & SfladK &ith a

non romatic al i1 phatic noiety,
condenser, thermal controller and a mechanical stirrer. Under nitrogen and

stlrnng, the mixture was heated to 110 °C. After a clear solution was obtained at
this temperature, the temperature was reduced to 100 °C and maintained for 4
hrs. Then 1356 g of propylene oxide was added. The reaction was képt at 50 °C
for 48 hrs. The reaction solution was cooled to room temperature and slowly
poured into large amount of water in a high speed blender. The polymer was
collected and washed thoroughly with water. Finally the polymer was dried in a
vacuum oven. 720 g of polymer was obtained with a weight average molecular
weight (MW) of about 20,000 g/mol.
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R and R' are independently selected from hydrogen, Z
and WOH, where Z is a (Cl-C20) hydrocarbyl noiety and
Wis a (Cl-C20) hydrocarbyl |inking noiety, and, Y' is
i ndependently a (Cl-C20) hydrocarbyl |inking noiety.
2. The conposition of claim1l, where Wis selected
fromsubstituted or unsubstituted aliphatic (Cl-C20)
al kyl ene group, substituted or unsubstituted
t hi aal kyl ene ali phatic (Cl-C20) group, substituted or
unsubstituted cycl oal kyl ene, al koxy al kyl ene, hetero
cycl oal kyl ene, and m xtures thereof 3. The

S f claiml1, where Y is sel ected from

| ene eth | ene, ene, Ien
phe%%ﬁ & 19| st etSFﬂ%%PFﬁ%aPR'?I ﬂ@%eﬁ@yg ePfe Pyromellitic
d.aﬁhwto%nw ¥g adfestypér{éﬂlw yBeme g o ometnmalr;wbler@z g of
phenyl éne, Thapht hyl ene,” derivatives pheny

bermyltn @tviamomﬂmw@mwdwlamé 509r@iotiBEMEA wese cbarged intoa5L
-flagfet\Pﬁt??’e:cg)@ enser," the Lingh Iﬁgcﬂﬁfbﬁ%} 2&1‘?{& of nfdcRhAicar sHAEF.Sunder
nitrogen and stirring, the mlxture was heated to and kept at 100 °C for 16 hrs.
Then 760 g of propylene oxide and 3.2 g of benzyltributylammonium chloride
were added. The reaction was kept at 56 °C for 36 hrs. The reaction solution was
cooled to room temperature and slowly poured into large amount of water in a
high speed blender. The polymer was collected and washed thoroughly with
water. Finally the polymer was dried in a vacuum oven. 410 g of polymer was

obtained with a MW of about 30,000 g/mol.

Svnthesis Example 3

15 g of glycidol (0.2 mol) and 27.5 g of phenylacetic acid (0.2 mol) were
added to 200 g of PGMEA in a 1000 ml flask. The mixture was heated to 100 °Cc
in the presence of 1.3 g of benzyltributylammonium chloride and maintained at
100 °C for 24 hours. 40 g (0.2 mol) of butanetetracarboxylic acid dianhydride and
2.7 g of benzyltributylammonium chloride was introduced in the above solution
and the temperature was raised to 110 °C until a homogeneous solution was
obtained. The reaction was kept at 100 °C for 5 h and cooled down to room
temperature. 140 g of propylene oxide was added in above mixture and the
reaction continued at 50 °C for two days. After cooling down, the product was
precipitated in water and air dried. The polymer was re-dissolved in acetone and
re-precipitated in water. The material was dried and collected, yielding about 78

g of polymer product (74%) with a weight average molecular weight of 46,900.
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et hyl ene, neopentyl ene, ethyl enephenyl ate,
2-brono-2-nitro-1, 3-propyl ene, 2-
br ono- 2- met hyl - 1, 3- propyl ene, pol yet hyl enegl ycol ,
1- phenyl ate- 1, 2- et hyl ene, 1-
benzyl at e- 1, 2- et hyl ene, - CH20CH2- , - CH2CH2OCH2CH2-
- CH2CH2SCH2CH2-, - CH2CH2 SCH2 CH2 SCH2 CH2- |
propyl enephenyl acetate, 2-propyl enephenyl acetate
(- CH2CH2( CH2CO2CH2Ph) , propyl ene phenyl et her
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acetone and re- preCIplta¥ed in water. The material was dried and collected.
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Svynthesis Example 5

600 grams of tetramethoxymethyl glycoluril, 96 grams of styrene glycol
and 1200 grams of PGMEA were charged into a 2L jacketed flask with a
thermometer, mechanical stirrer and a cold water condenser and heated to 85 °C.
After a catalytic amount of para-toluenesulfonic acid monohydrate was added,
the reaction was maintained at this temperature for 5 hrs. The reaction solution
was then cooled to room temperature and filtered. The filtrate was slowly poured
into distilled Water while stirring to precipitate the polymer. The polymer was
filtered, washed thoroughly with water and dried in a vacuum oven (250 grams
were obtained). The polymer obtained had a weight average molecular weight of
about 17,345 g/mol and a polydispersity of 2.7.

Svynthesis Example 6

400 grams of tetramethoxymethyl glycoluril, 132 grams of neopentyl glycol,
51.4 grams of 3,4,5-trimethoxybenzyl alcohol and 1170 grams of PGMEA were
charged into a 2000 mL flask with a thermometer, a cold water condenser and a
mechanical stirrer. The reaction mixture was heated to 85 °C. After a catalytic
amount of para-toluenesulfonic acid monohydrate was added, the reaction was
maintained at this temperature for 6 hours. The reaction solution was then cooled

to room temperature and filtered. The polymer was precipitated in DI water and
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8. The conposition of claim1l, where the conposition
further conprises other polyners selected from

pol yhydr oxystyrene, novol ak, pol yaryl ate and

pol ymet hyl met hacrylate. 9. An article conprising a
substrate with a layer of antireflective coating
conposition of claim1l and thereon a coating of

phot oresi st conprising a polyner and a photoactive
conmpound. 10. A process for formng an inmage

conpri si ng, a) coating and baking a substrate

coll@bféa & fifBt 'WéﬁHe@OthbMﬁJ@RﬁWitﬁgNét@fTﬁﬂaldrle@lnmoé vakaim oven
coati ng and baki ng photoresist filmon top of

(zophgramshw@nq oblained)c okhg mylymer obtained had a weight average
molecular weight of about 8,000 g/mol and a polydispersity of 3.

Svynthesis Example 7

1000 grams of tetramethoxymethyl glycoluril, 500 grams of neopentyl
glycol and 3000 grams of PGMEA were charged into a 5000 mL flask with a
thermometer, a cold water condenser and a mechanical stirrer. The reaction
mixture was heated to 85 °C. After a catalytic amount of para-toluenesulfonic
acid monohydrate was added, the reaction was maintained at this temperature
for 8.0 hours. The reaction solution was then cooled to room temperature and
filtered. The polymer was precipitated in DI water and collected on a filter,
washed thoroughly with water and dried in a vacuum oven (400 grams were
obtained). The polymer obtained had a weight average molecular weight of about

8,000 g/mol and a polydispersity of 3.

Evaluation Example 1

An antireflective coating composition was made by dissblving 8.69g of
polymer from synthesis example 1, 2.174g of tetrakis (methoxymethyl)glycoluril
(MX-270 available from Sanwa Chemicals, Hiratsuka, Japan), 0.087g
triethylammonium salts of p-toluenesulfonic acid in 167.73g PGMEA and 71.89g
PGME. The solution was filtered through 0.2um filter.

The above solution was spun onto an 8” silicon wafer at ~3000rpm and
the wafer was then baked at 200°C for 60 seconds to give a film thickness of 78
nm. Then the wafer was used to measure refractive indices, n and k, on a J.A.
Woollam VUV-Vase Ellipsometer, ModelVU-302. Refractive indices of the film
were found to be as following: n (193nm) = 1.858, k(193nm) = 0.342.

The performance of the anti-reflective coating formulation was evaluated
using AZ® AX1120P photoresist (product of AZ Electronic Materials USA Corp.,
Somerville, NJ, USA). About 78nm thick antireflective coating film was coated
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c) imagew se exposing the photoresist; d)
devel opi ng an image in the photoresist; e)
optionally, baking the substrate after the exposing
step. 11.The process of claim 10, where the
photoresi st is i magewi se exposed at wavel ength between
130 nmto 250 nm 12. The process of claim 10, where

t he photoresi st conprises a polynmer and a photoactive
conmpound. 13. The process of claim 10, where the
antireflective coating is baked at

and baked at 200°C for 60 seconds on a silicon wafer with the anti-reflective
coating formulation of this Example. Then a 270 nm thick AZ® EXP AX1120P
photoresist solution was coated and baked at 130°C for 60 seconds. The wafer
was then imagewise exposed using a Nikon NSR-S306D Scanner with 0.78NA,
under 2/3 annular illumination of 0.56/0.85sigma with 6% HTPSM mask. The
exposed wafer was baked at 130°C for 60 seconds and developed using a 2.38
wt % aqueous solution of tetramethyl ammonium hydroxide for 60 seconds. At
an exposure dose of 30mdJ/cm?, the line and space patterns at 90nm 1:1 pitch
were observed under scanning electron microscope and showed no standing
waves, indicating the efficacy of the bottom anti-reflective coating. The depth of

focus for the above patterns at the above dose was greater than 0.35um.

Evaluation Example 2

An antireflective coating composition was made by dissolving 3.45g of
polymer from synthesis example 1, 3.45g of polymer from synthesis example 5,
0.069g triethylammonium salts 9‘fA p-Toluenesulfonic acid in 110.17g PGMEA and
47.22g PGME. The solution was filtered through 0.2um filter.

The above solution was spun coated onto an 8” silicon wafer at ~3000rpm
and the wafer was then baked at 200°C for 60 seconds. Then the wafer was
used to measure the refractive indices n and k on a J.A. Woollam VUV-Vase
Ellipsometer, Model VU-302. Refractive indices of the film were found to be as
following: n(193nm) = 1.858, k(193nm) = 0.372.

The performance of the anti-reflective coating formulation was evaluated
using AZ® AX1120P photoresist (product of AZ Electronic Materials USA Corp.,
Branchburg, NJ). About 78nm thick film was coated and baked at 200°C for 60
seconds on a silicon wafer with the anti-reflective coating formulation of this
Example. Then a 270 nm thick AZ® EXP AX1120P photoresist solution was
coated and baked at 130°C for 60 seconds. The wafer was then imagewise
exposed using a Nikon NSR-S306D Scanner with 0.78NA, under 2/3 annular
illumination of 0.56/0.85sigma with 6% HTPSM mask. The exposed wafer was
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tenperatures greater than 90C. 14. The conposition of
claim1, where Z is selected fromsubstituted or
unsubstituted aliphatic (CLl-C20) al kyl group,
substituted or unsubstituted aliphatic (Cl-C20)

cycl oal kyl group, substituted or unsubstituted

al i phatic (C1-C20) aryl group, and substituted or
unsubstituted aliphatic (G -C20) al kyl enearyl group.
15. The conposition of claim1l, where WOH is sel ected
from nmet hanol, ethanol, propanol, isopropanol,

balé'e'dJHF 380G fbﬁ@@%@d&ids indlfﬁl’dwlopédbmmgld 238 Wt % aqueous
hyl -1 - but anol, 3-meth ut.an tertiar

solbiam b rtetram@mbemmmm JFPUHS AN 80, secORiiRarkl an exposure
dos% ﬁﬁ@(ﬁ ano{’" Qﬁv%té"rﬁg & B&Rﬁ!rﬁ@%‘t QoﬂamnT QcﬁlﬁzhC\here observed

- 1- et hanol
undmrqmnnhgoeieoﬂrom: haCWSQQpQ\thél'WWG&hGO R‘taftﬂl@ waves indicating

tne, iR, ofdve ot iAol ot ) T ep M Foeis¥or the

ab&@i@élfdrﬁé, Qﬂah‘xWe dosehwaoyasitetthanpa3sumher e t he
antireflective coating conposition conprises a

EvaohtieExampy ®ss! i nki ng agent and a thermal acid

generator, further where the polyner conprises at
| eanh PArfleblive Bbatfily corhposttiéh was prepared by dissolving 2.4 g of

polymer from synthesis example 2, 1.2 g of polymer from synthesis 7 and 0.048
g triethylammonium salt of 10-camphorsulfonic acid in 180 g PGMEA. The

solution was filtered through 0.2um filter.

The performance of the anti-reflective coating formulation was evaluated
using AZ® EXP AX1120P photoresist (available from AZ Electronic Materials,
Somerville, NJ). An antireflective film from the above solution was coated on a
thin layer AZ® ArF-1C5D BARC (available from AZ Electronic Materials,
Somerville, NJ) on a silicon wafer and baked at 200°C for 90 seconds. The
antireflective film was found to have (n) value of 1.77 and (k) value of 0.16. Using
AZ® EXP AX1120P photoresist a 270 nm film was coated and baked at 130°C for
60 seconds. The wafer was then imagewise exposed using a 193 nm exposure
tool. The exposed wafer was baked at 130°C for 60 seconds and developed
using a 2.38 wt % aqueous solution of tetramethyl ammonium hydroxide for 60
seconds. The line and space patterns when observed under scanning electron
microscope showed no standing waves, indicating the efficacy of the bottom anti-

reflective coating.

Evaluation Example 4

An antireflective coating composition was prepared by dissolving 2.4 g of
polymer from synthesis example 2, 1.2g of polymer from synthesis example 6
and 0.048 g triethylammonium salt of 10-camphorsulfonic acid in 180 g PGMEA.

The solution was filtered through 0.2um filter.
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(2) where, Bis a single bond or Cl1-C6 nonaromatic
aliphatic noiety, R and R' are independently sel ected
from hydrogen, Z and WOH, where Z is a (Cl-C20)
hydrocar byl nmoiety and Wis a (Cl-C20) hydrocar byl
linking noiety, and, Y' is independently a (Cl-C20)
hydr ocar byl |inking noiety, and where the conposition
further conprises a photoacid generator. 18. An
antireflective coating conposition for a photoresist

| ayer where the antireflective coating conposition

CONpHd %mMeyMe anticrefisstivensoatihgafpemulatior was evaluated
usut@gr;e 55%02\3(1 §§§[§r§9%ére§{§t”é\2§{a§fh Er " fﬁ&eEﬁ)ectX)mc Materials,
Somerville, NJ). An antireflective coating film from the above solution was coated
on a thin layer of AZ® ArF-1C5D BARC (available from AZ Electronic Materials,
Somerville, NJ) coated on a silicon wafer and baked at 200°C for 90 seconds.
The antireflective film was found to have (n) value of 1.75 and (k) value of 0.20.
Using AZ® EXP AX1120P photoresist a 270 nm film was coated and baked at
130°C for 60 seconds. The wafer was then imagewise exposed using a 193 nm
exposure tool. The exposed wafer was baked at 130°C for 60 seconds and
developed using a 2.38 wt % aqueous solution of tetramethyl ammonium
hydroxide for 60 seconds. The line and space patterns when observed under a
scanning electron microscope showed no standing waves indicating the efficacy

of the bottom anti-reflective coating.
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where R and R' are independently selected from
hydr ogen, Z and WOH, where Z is a (G -C20)
hydrocarbyl moiety and Wis a (C -C20) hydrocar byl
l'inking noiety, and, Y' is independently a (Cl-C20)
hydrocar byl |inking noiety. 19. The conposition of
claim 18 where Wis independently selected from
Chisti tuted or unsubstituted aliphatic (G -C23)
—al' Kyl ene group, substituted or unsubstituted
t hi a- al kyl ene al i phatic (Cl-C20) group, substituted or
1.uns uAs taintitefledtivg coatind gdrapesitiah farxg phdloyesisidayer wdhese the
cycloal kyl ene, and m.xtures thereof, and where V.is
a@éﬁﬁ%&%’& G9a4RP FOMRASHIAN CAPRTTSHR PONISHy F‘e‘iﬁ%?s‘?'”}‘/'“g agent and
a BtnHatAgid geiRMHor! fivthen@herd (e Polyimealckiripgides at least one unit
neopent yl ene, al kyl enearyl ate, dithiaoctyl ene,
ofisteveturiet2,0al kyl ene, phenyl ene, napht hyl ene,
derivatives of phenyl ene, derivatives of naphthyl ene,
and derivatives of anthracylene. 20. An
antireflective coatiOng conpositionAfor a photoresist
| ayer where the(antifrefl ective coaiji ng osi tion
conprises a pole§\ ,\a crosslinki \a@e/ﬁfignd a
t hermal aci d generator; é ere the pol yner
conprises at | east %n/e ni t- sel e\cted from
00132(I11(111)011 Cc))cu201-O on@cRzczon

\
Rl/ : Ru

()

where, B is a single bond or C+-Ce nonaromatic aliphatic moiety,

R’ and R” are independently selected from hydrogen, Z and W-OH, where Z is a
(C4-C20) hydrocarbyl moiety and W is a (C1-C2o) hydrocarbyl linking moiety, and,

Y’ is independently a (C4-Cy) hydrocarbyl linking moiety.

2. The composition of claim 1, where W is selected from substituted or
unsubstituted aliphatic (C1-C2) alkylene group, substituted or unsubstituted thia-
alkylene aliphatic (C4-C20) group, substituted or unsubstituted cycloalkylene,

alkoxy alkylene, hetero cycloalkylene, and mixtures thereof.

3. The composition of claim 1, where Y’ is selected from methylene, ethylene,
propylene, butylene, phenylethylene, alkylnitroalkylene, neopentylene,
alkylenearylate, dithiaoctylene, bromonitroalkylene, phenylene, naphthylene,
derivatives of phenylene, derivatives of naphthylene, and derivatives of

anthracylene.
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4, The composition of claim 1, where Y’ is selected from 1-phenyl-1,2-
ethylene, neopentylene, ethylenephenylate, 2-bromo-2-nitro-1,3-propylene, 2-
bromo-2-methyl-1,3-propylene, polyethyleneglycol, 1-phenylate-1,2-ethylene, 1-
benzylate-1,2-ethylene, —CH,OCH,—, —CH2CH,OCH,CHo—,
—CH,CH,SCH,;CH;—, —CH,CH,SCH,CH,SCH,CH,—, propylenephenyl acetate,
2-propylenephenyl acetate (-CH,CH,(CH,CO,CH,Ph), propylene phenyl ether
(-CH,CH(CH,OPh), propylene phenolate (-CH.CH2(CH>CO.Ph), propylene
naphthoate, propylenephthalimide, propylenesuccinimide, propylene crotylidene
acetate (-CH,CH(CH,CO,CHCHCHCHCH:s).

5. The composition of claim 1, where the crosslinking agent is selected from
melamines, methylols, glycolurils, polymeric glycolurils, hydroxy alkyl amides,

epoxy and epoxy amine resins, blocked isocyanates, and divinyl monomers. -

6. The composition of claim 1, where the thermal acid generator is selected
from alkyl ammonium salts of organic acids, phenolic sulfonate esters,

nitrobenzyl tosylates, and metal-free iodonium and sulfonium salts

7. The composition of claim 1, where the polymer is partially crosslinked
polymer.
8. The composition of claim 1, where the composition further comprises

other polymers selected from polyhydroxystyrene, novolak, polyarylate and
polymethylmethacrylate.

9. An article comprising a substrate with a layer of antireflective coating

composition of claim 1 and thereon a coating of photoresist comprising a polymer

and a photoactive compound.
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10. A process for forming an image comprising,

a) coating and baking a substrate with the antireflective coating

composition of claim 3;

b) coating and baking a photoresist film on top of the antireflective

coating;
c) imagewise exposing the photoresist;
d) developing an image in the photoresist;

e) optionally, baking the substrate after the exposing step.

11.  The process of claim 10, where the photoresist is imagewise exposed at

wavelength between 130 nm to 250 nm.

12.  The process of claim 10, where the photoresist comprises a polymer and

a photoactive compound.

13.  The process of claim 10, where the antireflective coating is baked at

temperatures greater than 90°C.

14. The composition of claim 1, where Z is selected from substituted or
unsubstituted aliphatic (C4-Cz) alkyl group, substituted or unsubstituted aliphatic
(C1-C0) cycloalkyl group, substituted or unsubstituted aliphatic (C1-Czo) aryl
group, and substituted or unsubstituted aliphatic (C1-Czo) alkylenearyl group.

15. The composition of claim 1, where W-OH is selected from methanol,
ethanol, propanol, isopropanol, 1-butanol, isobutanol, 2-methyl-2-butanol, 2-
methyl-1-butanol,  3-methyl-1-butanol, tertiary  butanol,  cyclopentanol,
cyclohexanol, 1-hexanol, 1-heptanol, 2-heptanol, 3-heptanol, 1-n-octanol, 2-n-

octanol, and 1-phenyl-1-ethanol.
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16. The composition of claim 1, where R’ and R” are independently W-OH,

where W is a (C1-C20) hydrocarbyl linking moiety.

17. . An antireflective coating composition for a photoresist layer, where the
antireflective coating composition comprises a polymer, a crosslinking agent and
a thermal acid generator, further where the polymer comprises at least one unit

of structure 2,

< s

R’ e

where, B is a single bond or C1-Ce nonaromatic aliphatic moiety, R’ and R” are
independently selected from hydrogen, Z and W-OH, where Z is a (C¢-Cy)
hydrocarbyl moiety and W is a (C4-C20) hydrocarbyl linking moiety, and,

Y’ is independently a (C4-Cz) hydrocarbyl linking moiety, and where the
composition further comprises a photoacid generator.

18.  An antireflective coating composition for a photoresist layer where the
antireflective coating composition comprises a polymer, a crosslinking agent and
a thermal acid generator, further where the polymer comprises at least one unit

of structure

where R’ and R” are independently selected from hydrogen, Z and W-OH, where
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Zis a (C4-Cyp) hydrocarbyl moiety and W is a (C4-Czo) hydrocarbyl linking moiety,
and, Y’ is independently a (C1-C) hydrocarbyl linking moiety.

19. The composition of claim 18 where W is independently selected from
substituted or unsubstituted aliphatic (C1-C2) alkylene group, substituted or
unsubstituted thia-alkylene aliphatic (C41-Cz0) group, substituted or unsubstituted
cycloalkylene, alkoxy alkylene, hetero cycloalkylene, and mixtures thereof, and
where Y is selected from methylene, ethylene, propylene, butylene,
phenylethylene, alkylnitroalkylene, neopentylene, alkylenearylate, dithiaoctylene,
bromonitroalkylene, phenylene, naphthylene, derivatives of phenylene,

derivatives of naphthylene, and derivatives of anthracylene.

20. An antireflective coating composition for a photoresist layer where the
antireflective coating composition comprises a polymer, a crosslinking agent and
a thermal acid generator, further where the polymer comprises at least one unit

selected from
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