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ANTI REFLECTI VE CQATI NG COVMPCSI TIONS Field of Invention
The present invention relates to a novel
Woazﬂ%q/&é?mect i ve coating conposition 5 and itsPGIdB74q9/005458
i mage processing by formng a thin [ayer of the novel
antireflective coating conposition between a
reflective substrate and a photoresist coating. Such
conpositions are particularly useful in the
fabri cat i ANTIHEBERC TIVEIDONTINGESOMPEO BT IONS
phot ol i t hographi ¢ techni ques.” 10 Background
Phot or esi st conpositions are used in mcrolithography
Fieldpidayendien f or making niniaturized el ectronic
conponents such as in the fabrication of conput er
chifpspsgnt inveghien erlates te @i navel asiieflactive coalingrmesrposition
0
and 8 8585 Fiaad ploteBs gt Binilh  hflegler 8 Mephoel philerpotive
coatibf sampositors ibetween wafediestives edbsﬁtmtermid agphotbesgpisd t @adting.

circuits. The coat ed ubstr S
Suctf BfHosliona ngres BRUBHENY riaeid Bh koo EEieaton iftsiiepasiuctor
devicdithy phétoithbEaphiatachBiq0es.o the substrate. The baked
~ coated surface of the substrate IS next subjected to
an i mage-w se exposure to radiation. This radiation
E_MMre causes a chenmical transformation in the
osed 20 areas of the coated surface. Visible
lglmtoraﬂlstr eemnppsitions\gre| uggd | inemigrolitbagisehsh aragessesyior
makirnﬁd'n‘m at 9184 nricaddo% Hentd p%?c‘: C%Wl %eu?&gnctaﬂgﬁ‘yof
m Ccro ogr aphi ¢’ processes. er this Irmage-w
compuueo:ml}:m andmentegaited cirgbigs.r ahenerally, riaathede \protesses, a thm
ve e

coatinge AT LI ORESTIRR S Bl GPRlaDt 7 ubgliAte eeral,

sucfpé‘é)tsmb@ﬁ '\/\ﬁaﬁ‘ersZEBUGfOF hRRFhd iBRRY- SR didreunts. NTAk Wobtat s idtrate
of seni conductor devices has led to the use of new

is thgh dakeddp avaperaie aay solens in hepephejorasid corpsitioReand to fix
the c‘,’@a\ﬁﬁg%'r‘% b ij fll a, ? a@%@c@&éd@uﬁgcé Bf tHePsiaratSR next
of sophisticate mJItl evel systens to overcone
subje¢teflite ahtimageanise expostde W tadigtimh ni ni at uri zati on.
The use of highly absorbing antireflective coatings in
phohislradiatign axbpsmm Gises @ clpnicacinansiouation imhihe lxposed

areag (%n%h%r%}#tg S @ggtIt\(llfglﬁgq%@?atcﬁ{t@%l%mj\@gl'@{t leie%?rton beam
and diXsaglv aadiage sertfrgpagre rabiatiohi Woes otnrhomlg tsem today in
interference effects and refl ective notching. Thi

micrp|ithpoiaphis fRIPEPRSES- or Aeh dhisn dMAgewdse r @RASUIG.n the coated
subsqwgseﬁebféocmtﬁ'acaéva Lﬁ {dh & & a‘gea\/@%d%ﬁﬁ% hher the
varrations in thet Intensity int
radiggleot-examsiedtor e unazquaeé atrhas: Rihkephofiorenist.5 phot or esi st
changes. Reflective notching becones severe as the
phobe® ﬁmﬂiowﬁgjqomtremmmzaﬁen of sesticendestaratavidesi heg led to

the pRESPRETAERrer R I Sre B oL ablidher Watkidhots o
radiatior ahtioss atsid ledh tb e exde @ﬂ%o@ﬂ&ﬁcafbdr multlevet g8ystEsns to
W th ‘onﬁl ete photoresist loss. In cases where further

OVerFem?c‘f figHItigs asPPraieswithhsuah mmaluizaiM- vari ation is 10
uired, the use of bottom antireflective coatlng .
pr Wd’é@ ehRighlysabsopping iagirafiective coalings inaphelrlithpgraphy is

one ag{g)lr@ﬁﬂ ¥ bininiEpe I”J%%l’oBerﬁé‘iHa{t%Eﬁl?tfl‘oYﬁ b%@ﬁ‘trbﬁ@:ﬂoﬁ of light
a ed to t esu strate prior to coating with the
photoresi st and prior to exposure. The photoresist is
exposed i magewi se and devel oped. The antireflective
coating in the exposed area is then etched, typically
i n gaseous plasma, and the
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15 photoresist pattern is thus transferred to the
substrate. The etch rate of the antireflective film
WOsHHUIM3Te rel atively high in conparison to tRCT/IB2009/005458
photoresi st so that the antireflective filmis etched
wi t hout excessive | oss of the photoresist filmduring
the etch process. Antireflective coatings nust al so
possess the correct absorption and refractive index at
fromt hlghhy/a‘eﬁbemxﬁ huhﬁtra@eqoosererﬂajbracﬂémﬁMﬁtatd@@ Ofpkeskd fsﬂ@ctlwty
necessary

are AR B aRate anacefesdve psiching. 0 TO AEPreRace, o

standilg! wé&es%@%l‘t”ﬁ%hbﬁ@és i 2t QirdMvidB dimensions caused by
antirefl|ective coatings need to have high etch rates

variafiogs tie theytataldiobh intgnsitysa the phoipresisttiim asviheetbickness of the

oho e TR Rl LGS s

pattetesd ivee subsiraies iqoatdieioy impographiicalgfeaunps SWhICh nsosfttiec kight

thro%(ﬂ{] %ﬁlﬁg&a@?ﬂﬁﬂrgﬁ%ﬁ&t%&%@ﬁtg é(@rlgﬁ@si ﬁnd in the extreme

cas@%rimﬁ@fé%@ﬁé with eeaipldis pABtorsdigd 16sd.n hi gh NA
I'i thography. The materials have ultra high etch rates

begagRsOhbRE ek heagcidh &helimPhyeR of dind Width IBFSNGIEis
of aromatic chronophore attached to the polynmer. The

requirgeli ther Her of betiegnanigfledivesatingrorevidps itee rb@SbSOIUUOﬂ for

the @Iﬁh%gﬁé gf? é@fiécﬂ%gil §h82}r?g‘rc‘)g{1£ﬁt* r@ﬂ@dglv@rcgﬁﬁhgq? apglled to the

Substrabssjrlom kllmgoa’iylgwtwltm;lﬂmr @hbtoresisl andr pmm’rm |e3<pssure The

ool 4 RhetBl bt Aol Bk il At cofting i

the raxpbssce drear @ofthandeihat ugsival) |Mn?ésé1ﬂ'sl \bﬂénﬁa Oghé the
diol, adithio atriol, atrithio a diep

photogsfisi RAtIREN deripbRAnsieriad i 81 subsitaieni hige &mé@ﬁedof the
antn@fleéﬂvétfflﬁlesﬁ&%edg relMRRNE hih *hhé’orﬁbé’illsoncI é)t fHePphotbFdsit: so

hi ol , the di epoxy contal ning npoun or triepoxy
that éhﬁ]ﬁ&ﬁlrﬁﬂﬂ@lv@dﬂﬁbl&rﬂicmﬂwwﬁhm ameswe mSeOfrthe phgtatesist film

R e R

. absarptien andt efraciivy imdex( ) tH2Owakkiekgth bf espdsure @LacHleve the

desired lithographic propetties.

It is necessary to have a bottom antireflective coating that functions well at
exposures less than 300 nm. Such antireflective coatings need to have high eich
rates and be sufficiently absorbing with the correct refractive index to act as
antireflective coatings.

SUMMARY OF THE INVENTION

The invention describes an antireflective coating composition which
contains a novel polymer without an aromatic chromophore, which finds
applications in anti-reflective coating materials in high NA lithography. The
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materials have ultra high etch rates because of the backbone of the polymer and
the absence of aromatic chromophore attached to the polymer.

The antireflective coating composition comprising a polymer which does

5 not contain an aromatic chromophore, an acid generator, and optionally a

crosslinking agent, where the polymer comprises a structural unit derived from a

diacid, a triacid, a dianhydride or its corresponding tetraacid or a mixture thereof

and a structural unit derived from a diol, a dithiol, a triol, a trithiol, a diepoxy

containing compound, a triepoxy containing compound, or mixture thereof, where

10 the diol, dithiol, triol, trithiol, the diepoxy containing compound, or triepoxy

containing compound contains one or more nitrogen and/or sulfur atoms or
contains one or more alkylene groups.

The polymer can comprise a repetitive unit of structure (1) or (2)
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where each of Y and Y1 independently are a non-aromaitic linking moiety; each
20 of Zand Z1 independently are the structural unit derived from a diol, a dithiol, a
triol, a trithiol, a diepoxy containing compound, or a triepoxy containing
compound; each of Ry and Ryq independently are hydrogen or the structural unit

derived from a monoepoxy containing compound; each of R, and Rgg
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where each of Y and Y1 independently are a

non-aromatic |inking noiety; each 20 of Z and Z1
WO Riedatdent |y are the structural unit deri vedGI/IBa903/005458

diol, a dithiol, a triol, a trithiol, a diepoxy

cont ai ni ng conpound, or a triepoxy containing

conpound; each of Rl and R10 independently are

hydrogen or the structural unit derived froma '
indepmmmlyxayrecamtcai thie ngiricturpbunid; derivet fedmR2 (ﬂilhl(blRﬁer’[hlol, a

' endent or .the structural unit d r|v

) de
dieppRi DA CHIPONGy 91 i GHORY GBI cHRpaHT: ach of Q1,

Q2, Q@BPeHad QP rard hﬂéﬁ&i&é\ﬁtl?oﬁt@ké&tnﬁoﬁkﬂ)fmo'éﬂdunﬁﬂfdﬁuﬁéd or
are independently a direct bond or

SUbSHM@%&Jbﬁ'W%ﬂ%&%P of firnd linsigpendantiy gl @ael; ateadt of
korE1 mglgﬂ,dé@@ﬁ?r%@gmly are 0 or 1; and each of 5k or
e

1 1 ndepen 'y are 0 or 1. The present
invention is also related to a polynmer which does not

coptain an,arompati c ch e compri sin .

S OFhE Pl fhelRo s S50 TFRBANE 2 BATRLE ih Bgep got gontain

an aﬂomahc/dmr@lﬁopﬁorete‘ormﬁrﬁf Rostelichgral ehlt aReived Grfom a diacid, a
ture thereof and a 10 structural unit derived from

tnacgi (ﬂ 9@” ydega B dis, cosresppRding detrapgie; Q) a mixigre fasrpot and a
struG A Ahi 'déﬁvéﬂer eo?q}ioiaa tcﬁthﬁﬂ)od(gio@ Oé“rghﬁl] QQW%B?{%PHWammg

or mxture t where the diol
compeindi kriepadxy ahinggioing aoormaing, vy rmmmmmreot;rwhefe éb@xayol

- | ns o [ r e
cthigfo 35 il L G e Bien E8abuf B AiodPS Pagining
comgoagbsonthins one or frvee pitegentaridioresliue atdhs or behtatrfssorte)or

a_coated substrate conprising a substrate having
morg ﬁ@ﬂy%&? HRYBHtirefl ective coating |ayer formed from
the antireflective coating conposition disclosed
herein, where the antirefl ective coating |ayer has an
ab$¢ piresentpiavemian: alsokielatgs t thea regeied Gubstraie gomaplising a

subs%%té‘hﬁgvﬂﬁaﬁﬂﬁg& aln 1§r§ er'éctlk/@ %ggfnlidf gy rt rfSrrHéc?sﬁ&tn the

Il nventi on~a rel at es ocess orm
antireffectvec copting i a:tgnp(zs)tlcnfoa:hsakgﬁ_mh dhebeiR n@erestltestamrdlectnve

with th antlrfletlve coaf i copposi tion, disclose
coatfig Bk Pg$ "t aBroriom parsineey & frbkorcgectt oM Gk .95
whehRedurbA&tarts Al | RCAdaiort Qﬁé'd?@serﬁ)mvémi%ﬂvﬁﬁ@ relates to a

exposi ng the photoresist; d) devel opi ng an i nage

procegg fghetongsars imagy cerppligingl alycodiiagiang baldnes Substrate with

the %ﬁtﬂ%hﬁ&@%@ écﬂﬁpc@ft%ﬂ@%o&%@ T\ercﬁﬁlugfr%ﬂ d bWing a

photoresisti fﬂtreonftoprm nheé canﬂrdleepw soa’mgyl ¢)himayewisd Iempmsmgg the
photo?esma[ H} d%velopmg an lma hey in e’ Sho oreSIst e) optionally, baking the
substrate after the exposing step.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates the principle of anomalous dispersion with the following
meanings:
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Ex X: Exposure X (high n low k region) ab: absorption
band ha: half neasure 5 DETAI LED DESCRI PTI ON OF THE
WO 200N TN The invention describes an  PCT/IB2009/005458
antireflective coating conposition which contains a
novel polynmer w thout an aromati c chronophore, which
finds 10 applications in anti-reflective coating
materials in high NA |lithography. The materials have
Ca: Qawchy ddrghatench rat es because of the backbone of the

| ymer and. the absence of aromatic chronophore
EXxse5&%ﬂﬁﬁaﬂgmiﬂékﬁbkVﬁﬂ@ﬁ The antireflective coating
ab: FRBRAADhIHRY conprising a pol ymer which does 15 not
contain an aromati c chronophore, an acid generator,
ha: halffdneggurenal |y a crosslinki ng agent, where the pol yrer
conprises a structural unit derived froma diacid, a
triacid, a dianhydride or its corresponding tetraacid
DETAILED MESCREPTIO8 ©BfTHEINVENTIONt ural unit derived
froma diol, a dithiol, atriol, a trithiol, a diepoxy
cont ai ni ng conpound, a triepoxy containing conpound,

OrTHE Xh\éfidn &1c8fibed\NB Grdifeildifvd %atin%i EBH\?}bsitibﬁi @hich
__trithiol, the diepoxy containing conpound, or triepoxy
containht ai APMEY EOMSRRIN AVitoHt adrh sarematier cgmreonhqreog@mch finds

sul L0 (o | on e,al e
eoPIBSGL 1 RECIBLTP BRurd AR IF, A REC UL M S e
matestataibave eltfaliglo etqh2iat@dbecause of the backbone of the polymer and

the 4550l phaPReh S E2BBh BsHHshed 1 te Folymer.

The antirefiective coating composition comprising a polymer which does
not contain an aromatic chromophore, an acid generator, and optionally a
crosslinking agent, where the polymer comprises a structural unit derived from a
diacid, a triacid, a dianhydride or its corresponding tetraacid or a mixture thereof
and a structural unit derived from a diol, a dithiol, a triol, a trithiol, a diepoxy
containing compound, a triepoxy containing compound, or mixture thereof, where
the diol, dithiol, triol, trithiol, the diepoxy containing compound, or triepox_y
containing compound contains one or more nifrogen and/or sulfur atoms or
contains one or more alkylene groups.

The polymer can comprise a repetitive unit of structure (1) or (2)

0
R
Qs—l—o th

o)

TN .
B/O Q1 h Qz———p)—o—z —
2

@)
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Opt L O/ 1r K 110 0 %Y /O
\@Q@0-2 04, ru'5(2) F12 0 0-Z1 6 O where each of Y and
WOoP19/MMéTendent |y are a non-aromatic |inki ng rRSiTdBgo09/005458

each of Z and Z1 independently are the structural unit
derived froma diol, a dithiol, a 5 triol, a
trithiol, a diepoxy containing conpound, or a triepoxy
cont ai ni ng conmpound; each of RL and Ri o i ndependently
are@ydrogen or tbhe shructural unit derived froma
poxy contgd-nilngyc8fpound; each of R2 and R20
— 7 ep Q‘B‘entjzy are R or thegstructural unft dﬁr ved

2)
from /t’ a_trj tho epoxy @@nﬂau é‘ (
Rfrqﬁa%m or tr:joEpoxy cént alcg mﬁ bnpound each of
a0 @, @&, an Q4are|ndee a dr tbond
or an unsubstituted or su@st]lscgit ed 2%4 al k Ién—ezﬁach
of h and hl i ndependent IF§20 ace 0 or 1; and ch of k or
k1l i ndependently are O or 1. The present invention is
also related to a polynmer which does not contain 15 ,

whe@Ne@dHPBRYI £hdt W1 GREMIPICB NG BRS bﬁﬁdﬂga@nﬁtfcqwgahomi( teach
derived froma diacid, tr| acid, a di anhtydrl de or

of Z aprZk psiearngentivtaradhe siryetusalninit derivachizeraat dighch githiol, a
triol, Star Lt't‘?tHHl aly LH%# ﬂeﬁbﬁgﬂ'ue{l)%o&rﬁg&frﬂ oft 1 Y 81(¥] d@ontalnmg

atr Xy contarning co
comp@lumbcna;zhmrﬂwanﬁ Rep mdaptemd&m,ﬂyaare myizitogea aritbe estriuctural unit

h dithiol,.triol |oI th i epoxy
dorBef R Ro Mol oI gl aPaphgORof: AR R
mdep@mmmydar@om ajr Nigie Osteuchliralh iR cmrtwe@gﬁamaacu.wmsul fritHiol, a

ons or .contains one or nore al kyl ene groups,
dlepoxy containing compound, or a triepoxy containing compound; each of Q1,
Q2, Q3, and Q4 are independently a direct bond or an unsubstituted or
substituted C+.4 alkylene; each of h and h1 independently are 0 or 1; and each of

k or k1 independently are 0 or 1.

The present invention is also related to a polymer which does not contain
an aromatic chromophore comprising a structural unit derived from a diacid, a
triacid, a dianhydride or its corresponding tetraacid or a mixture thereof and a
structural unit derived from a diol, a dithiol, a triol, a trithiol, a diepoxy containing
compound, a triepoxy containing compound, or mixture thereof, where the diol,
dithiol, triol, trithiol, the diepoxy containing compound, or triepoxy containing
compound contains one or more nitrogen and/or sulfur atoms or contains one or
more alkylene groups.

The present invention also relates to a coated substrate comprising a
substrate having thereon an antireflective coating layer formed from the
antireflective coating composition disclosed herein, where the antireflective
coating layer has an absorption parameter (k) in the range of 0.01 < k < 0.35

when measured at 193 nm. In addition, the present invention also relates to a
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The present invention also relates to a coated
substrate conprising a substrate having thereon an
WO9/908T7ect i ve coating |ayer formed from t he PCT/IB2009/005458
25antirefl ective coating conposition disclosed herein,
where the antireflective coating | ayer has an
absorption paraneter (k) in the range of 0.01k < 0.35
when nmeasured at 193 nm In addition, the present

process éortforning| spimagleataesprising a) Wogﬂng %nﬂ Wakiney %Tb?lgstéme with
t and baki ng a substrate

the uHediernand Moattbsion cisdosks Bermi T sasing, A baideo a

photbﬁﬁs‘i%lt Filmbon &S lof ek @ﬁﬁre‘ﬂé&l\f&céatm&o%?’rn%%gé@vlsfe' &PRthg the

of the antireflective coating;

photesq%i Ay devriopiRg tasy B3agst in Wy pheieresist:rg) @mlqnﬁ&xgéaakmg the
subét%?e BR Fl‘l’i'éeegé %mﬁ%)[es[pptl onal | y, baking the 5 substrate

he ex 03| The pol yners useful in
the pr esent |nvent|on are fornmed by reacting a

ai TRy Bors T iy Bk BRFABA iR dprhe b raciing a

dnanﬂy@i&eyd(e de, 112 SA%&aﬁM@erb@rb@ﬂﬁfcetécﬁG ardghfydiige,ac 1 2 .3.4-
di anh cl opent anet et r acar boxyl i

pentgegt&trap%gm;mq a@ d’iar@ygné ,» 1,2,4,5- cyclohexanetetracarboxyhc acid
dlanﬁyd“flﬂ"e' OhleZ%rlﬁbﬁék‘Sp?é?ﬁéﬁQétYéé aﬂ i ?IE;B’ d;ﬁ?vg nq gZ P4

t et rahydr of ur ant et r acar box
bicyelobexsmeteiranashexyliar boxy!- |8©wb| ddi dnhlyeumydedé, 2,5, 6 2,3¢4,5-

onal RS SC DO L S BT 05 204
cycldhuiaretetracarbbrylicnor baa:ldyl acenannydme;l di anhsle-cgéloocta-1,5-
ceneBen TRy “hO8 L R RaS o s oS R it acic
dlanh?cﬂﬁoﬂzc @rfb ekﬁéérﬁaﬁy%(ﬂfﬂﬂﬁgéﬂﬂﬁc@ d%@dﬁd@@&ﬁé{@@ﬂ]ﬁ@@-?—
ene- 2 3 5,6 te%/racarboxyllc acid dianhydride, bicyclo[2.2.2]octane-2,3,5,6-
tetracarboxylic acid dianhydride, 5-(2, 5-dioxotetrahydro)-3-methyl-3-
cyclohexene- 1,2-dicarboxylic dianhydride, bicyclo[2.2.1]heptanetetracarboxyiic
2,3:5,6-dianhydride, bicyclo[2.2.2]oct-7-enetetracarboxylic  2,3:5,6-dianhydride,
and the like, etc, or its corresponding tetraacid, with a diol, dithiol, triol or trithiol
(e.g9. neopentyl glycol, dialkyl tarirate, tris(2-hydroxyethyl) cyanuric acid, 1,4-
dithiane-2,5-diol, 2-butene-1,4-diol, 2,3-dibromo-2-butene-1,4-diol, 1,3-
propanediol, 1,6-hexanediol, 2,2-dimethyl-1,3-propanediol, diethylene glycol,
triethylene glycol, and the like, etc in the presence of tetraalkylammonium
chloride catalyst. As will also be appreciated, these polymers can also be made
by reacting diacids or triacids with diols, dithiols, triols, trithiols, diepoxy and
friepoxy compounds. Examples of diacids and triacids include 1,4-butane
dicarboxylic acid, 1,8-octane dicarboxylic acid, 1,4-cyclohexane dicarboxylic acid,
fumaric acid, muconic acid, and the like.

Examples of the dianhydrides, diacids, and triacids include



cycl ohexene- 1, 2-di carboxylic dianhydri de,
bi cycl o[ 2. 2. 1] hept anet et racar boxyl i c

WOR020/804877di anhydri de, PCT/TB2009/005458
bi cycl o[ 2. 2. 2] oct - 7- enet etracar boxylic
2,3:5,6-dianhydride, 20 and the |like, etc, or its
corresponding tetraacid, with a diol, dithiol, triol
or trithiol (e.g. neopentyl glycol, dialkyl tartrate,

tri (2-§ydro yethyl )ocyanuric ggid, 1, é 0

Zdi ol, 2- utene 1,4-diol,

-2-butene- cZ—diol \ 1, 3- prop
ediol, 2,24 mef hy1- 1,3- propaedi p 0
| ene glycol, tr hyle gl ycol, %

O he presence t et r aal ky| ammonif/im 25 chl oN de
catalyst. As will alsSo be appreciated, Ot hese polyné}s
o can al so bg, made by reacting diacids or triacids with
\dIO| , ditg ol's, trithls, dDepoxy and O

7fumaric ac ﬁ muc o4
of the dian ydrldé%, d|a0|ds aRd tr|GC|ds |ncludeO

,OC}BO 0...,, O N N/ -."---10 0\ OH OOHO OH
N o 0 9 o
O .

o o o o © o
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00 where R6 is linear or branched al kyl ene chain of 2

to 20 carbon atons, which nay al so contain an et her
WORHWYEM3Tr ester groups, and R7 is hydrogen orPGRBRYNO/005458

5Exanpl es of R6 include -CH2CH2-- - CH2CH2- 0- CH2CH2- 00

111 -CH2CH2CH2C- OCH2CH2- 0- CCH2CH2CH2

- CH2CH2C- O CH2CH2 CH2CH2- 10- CCH2CH2

- CH2C- O CH2CH2- - a- CCH2-  Exanpl es of di epoxy and

triepoxy conBoun%s‘_li ncl ude o) OH

OYN\]/O Oy N0
N _N o N N o)
RO SR R S

OH
o)
Q HO OH
| o)
o)
N 0 o)
SRS ) S—RgS £

O o 6 O
o)

o) O

/O
Ty
O

O O

5 R; Ry o

where Rg is linear or branched alkylene chain of 2 to 20 carbon atoms, which

may also contain an ether oxygen or ester groups, and Ry is hydrogen or methyl.

Examples of Rg include
D 9
.~—CH,CH,CH,C—~0OCH,CH;—0—CCH,CH,CH;——
CI? I
—CH,CH;C—0—CH,CH,CH,CH;~O—~CCH,CH;—

i i
—CH,C—0~—CH,CHsO—CCH;—
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Examples of diepoxy and triepoxy compounds include

10
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Examples of diols, dithiols, triols, and trithiols include
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where Ryq is hydrogen, alkyl, or alkenyl.

The carboxylic acid groups in the prepolymer then undergo ring opening

reactions with propylene oxide to give final product. Furthermore, a molecule with

17
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more than one epoxy functional groups (e.g. ethylene glycol diglycidyl ether. 1,4-

butanediol diglycidyl ether or tris(2,3-epoxypropyl) isocyanurate) can be

incorporated to obtain a self crosslinkable polyester material. Polyester can also

be formed by reaction of a compound containing multiple carboxylic acid groups
5  with a di-/tri-epoxy monomer or a diol/triol monomer.

Examples of Y and Y1 for structures (1) and (2) include

10 Examples of repeat units of structure (1) and {2) include
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prepol yner then undergo ring opening reactions with

propyl ene oxide to give final product. Furthernore, a

nol ecule with

OH OH
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gl ycol diglycidyl ether. 1,4- butanedi ol dlegC|dyI
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incorporated to obtain a self crosslinkabl e polyester

material. Polyester can also be forned by reaction of

a conmpound containing multiple carboxylic acid groups

5 with adi-/tri-epoxy nononer or a diol/triol

nonomner nples of Y and Y1 f structures (1) and
(2) include 10Exanpl es of ?’Qﬁ“ unlts of structure
(1) ando(2 ioncl ude o (n = 2- 6)
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°o o) 0 N/l\o S5 o Br
O N0

FaaV Jaae

The optional crosslinking agent can be an aminoplast. The aminoplast

can be substituted by twq or more alkoxy groups can be based on aminoplasts

5 such as, for example, glycoluril-aldehyde resins, melamine-aldehyde resins,
benzoguanamine-aldehyde resins, and urea-aldehyde resins. Examples of the
aldehyde include formaldehyde, acetaldehyde, etc. In some instances, three or
four alkoxy groups are useful. Monomeric, methylated glycoluril-formaldehyde
resins are an example. One example is tetra(alkoxymethyl)glycoluril. Examples

10 of tetra(alkoxymethyl)glycoluril, may include, e.g., tetra(methoxymethyl)glycoluril,
tetra{ethoxymethyl)glycoluril, tetra(n-propoxymethyl)glycoluril, tetra(i-
propoxymethyl)glycoluril, tetra(n-butoxymethyl)giycoluril and tetra(t-
butoxymethyl)glycoluril.  Tetra(methoxymethyl)glycoluril is available under the
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groups can be based on am noplasts 5 such as, for
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mel am nes. Sone ex suc ounds are
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f or maguanam ne, acet oguanani ne, anmmel i ne,
2-chl oro-4, 6-di am no-1, 3,5- triazine;
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possi bl e am nopl asts i nclude conpounds havi ng the

WO/ PBTg structures: 20  (CH3OCH2) 2N, ., N- N(REHABZYYSNO5458
N1, 7N O CH2OCH, CH20C H3 -"NN N( CH200 H3) 2CH3
CH3OCH2HNNHCH2OCH3 N N

)
(CH;OCH,),N /NYN(CHQOCHS)Q CH3OCH2\N /IKN _CH,OCH;,4
-
!
N(CH,OCHg), CHy
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CHZOCH,HN N | NHCH,OCH;, CHSQCHZ\N /“\N _CH,OCH,

NYN ‘\o )
NHCH,OCH, *

0
CHSOCHZ\N)J\N/CHQOCH3

including their analogs and derivatives, such as those found in Japanese Laid-
Open Patent Application (Kokai) No. 1-293339 to Tosoh, as well as etherified
amino resins, for example methylated or butylated melamine resins (N-
methoxymethyl- or N-butoxymethyl-melamine respectively) or
methylated/butylated glycolurils, for example as can be found in Canadian Patent
No. 1 204 547 to Ciba Specialty Chemicals. Various melamine and urea resin-s
are commercially available under the Nicalacs (Sanwa Chemical Co.), Plastopal
(BASF AG), or Maprenal (Clariant GmbH) tradenames.

The acid generator used with the present invention, preferably a thermal
acid generator is a compound which, when heated to temperatures greater than
90°C. and less than 250°C., generates an acid. The acid, in combination with the
crosglinker, crosslinks the polymer. The antireflective coating layer after heat
treatment becomes insoluble in the solvents used for coating photoresists, and
furthermore, is also insoluble in the alkaline developer used to image the
photoresist. Preferably, the thermal acid generator is activated at 90°C. and more
preferably at above 120°C., and even more preferably at above 150°C. The
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i ncl udi ng their anal ogs and derivatives, such as those
W43 Japanese Lai d- Open Patent Appli cat iR§&T/IB2009/005458

(Kokai) No. 1-293339 to Tosoh, as well as etherified 5

am no resins, for exanple nethylated or butyl ated

nmel am ne resins (Nnet hoxynet hyl - or

N- but oxynet hyl - nel am ne respectively) or

antirefeddiiyé abatind iyt Rl igshted Yerdd suiffitient I(eﬂgtrﬁc)ffanﬁé & stk the
be found in Canadi an Patent No. 1 204 547 to Ci ba

coatiggekramples e @sidsang thegpalreld genaiwors asm @Utﬁr@aswf@@icrecid,

tnﬂncaég ﬁl]cc fIGb[;Bbhﬁén'n%‘é ;S‘gllfcﬁf?é e%d:t? Bﬁ@gbﬁ%ﬂ' 1‘6@% ena Was 2-

nitrolpemzyt |fa>svlat9rb2|,)4 dln&wé)ﬂamdsiosylate mlmhergyhéosulaie 4-
o3 Hsh e 2GS onalRsTRlsh i 2 R ERAS P ol o

chlotobenesraisuifesater eaﬁfﬂrorbﬂnémyaechltr@w@zlyM&lttd‘lbéhz%‘i\@@ulfonate
in conbination w

phen%ﬁc lﬁ esr%%%%@%ﬁﬁ%%% 4BetRxyo enm@esul%oma‘fg alkyl
amn@ﬁﬁurﬁeéa@:tdfvargfe@ﬁéllmdé am&h add afief§RimhbfRMTERt of 10-

becones i nsol ub n the solvents uséd for coating
camph@ysulfi¢ acisl, aatthe like hernore, is al so insoluble in

t he al kal i ne devel oper used to i nage the photoresist.

Preferably, the thermal acid generator is activated at

QGmermaH agiol generatbes atel prefarraaboxe fE204Sids, atitioagle freetoids
may also gé ‘E‘.Qé I%t’[hg ?\836 an?i(r)ec%lecmg composition, since it is possible that
over time the shelf stability of the antireflective solution will be effected by the
presence of the acid, if the polymer were to crosslink in solution. Thermal acid
generators are only activated when the antireflective film is heated on the
substrate. Additionally, mixtures of thermal acids and free acids may be used.
Although thermal acid generators are preferred for crosslinking the polymer
efficiently, an anti-reflective coating composition comprising the polymer and
crosslinking agent may also be used, where heating crosslinks the polymer.
Examples of a free acid are, without limitation, strong acids, such as sulfonic
acids. Sulfonic acids such as toluene sulfonic acid, triflic acid or mixtures of these

are preferred.

The novel composition may further contain a photoacid generator,
examples of which without limitation, are onium salts, sulfonate compounds,
nitrobenzyl esters, triazines, etc. The preferred photoacid generators are onium
salts and sulfonate esters of hydoxyimides, specifically diphenyl iodnium salts,
triphenyl sulfonium salts, dialkyl iodonium salts, triakylsulfonium salts, and
mixtures thereof. One or more cross-linking catalysts can be used in the
composition.
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antireflective coating |layer is heated for a

sufficient length of tine to crosslink the coating.
WORAHEY of acids and thermal acid gener at or P/ 1B2009/005458
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The coating composition can be coated on the substrate using techniques

well known to those skilled in the art, such as dipping, spincoating or spraying.
The film thickness of the anti-reflective coating ranges from about 0.01 pm to
about 1 ym. The coating can be heated on a hot plate or convection oven or
other well known heating methods to remove any residual solvent and induce

crosslinking if desired, and insolubilizing the anti-reflective coatings to prevent
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The coating conposition can be coated on the substrate
usi ng techni ques well known to those skilled in the
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a desired portion of the underlying surface is uncovered.

Negative working photoresist and positive working photoresist
compositions and their use are well known to those skilied in the art.
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conpositions and their use are well known to those
skilled in the art. Along with the positive and
WY E phot or esi sts nmenti oned above, whi ch P&TdB2009/005458
typically done dry, 193 nmimersion |lithography is a
vi abl e solution for nodes down to 45 nm node and
beyond. Wth absorptive underlayers at 193 nm 5 | ow
"k" BARCs are nore suitable for optinum substrate
reflectivity control based on sinulations. On the
ot her hand, the BARG filmneeds to be thin enough to
hayeng é\é’ﬁhr’félé pasaweﬁder@gawweyahpmrewéﬁsyngrﬁmnedf%t&ver which

are flyg ctaw el Hh} 'nfd\;ig ersg%&%ﬁﬁpﬂﬂs% \E}g‘ﬁ'g‘?‘%ﬁ%'“t'o“ for
node$edmmrn txeéSanm andée naedlmcyond e\Naibaahsngatwerqmgrlaye;ra aiiBgmm,

low SRR pfb MRLE su B oty S B ST ol based

on sﬁﬁlmmﬁdiﬂié @ﬁhhéﬁlﬁhmme BARCHIeNNéedy td be thin enough to
derivati ves The invention takes advanta

f
havedesiradoetehdfelertivity dor vary small fealiyres Héﬂa'aglﬁwﬁﬁth%aphv The

low ﬁﬁ?(tH’@(n@gE)?e&l‘ﬁ?@é Kgh erﬁﬂ@’f%r BARTS, tr@liscin%ﬁtl&hééé‘&lb@fs an
dye. The 'dye wi'th absorbance maxima | ower than the

antlreﬁ@iwar@oatmop@am@emong@hlnm cordainsed neyehdvlwner Myjihe pon-

aron(btﬁ\éadé)égr eg 9{3 dé caly %%rbﬂé% LQSVn‘?llnL{ﬁaﬁ “fatl of ﬁom\ﬁgn&hﬁ%

rom chy correl a
nm BARC, e.g. phenyl or its derivatives. The invention takes advantage of

anomalous dispersion effects near the absorption maxima Amax (excluding Amax)
by a judicious choice of the dye. The dye with absorbance maxima lower than the
exposure absorbance (193 nm) is used to achieve hyper n value. Theoretically, a
n value that is above the value predicted from the Cauchy correlation is
considered high, which covers entire half of the absorbance band in high
wavelength area. When a moderately strong dye is used, the high n low k
material should ideally have absorption maxima, Anax, such that the actinic
wavelength is the same as the wavelength A, that is at half height of the
absorption band on the higher wavelength side of the absorption band (Fig. 1_).
The absorption maxima Anax moving from that position in the shorter wavelength
direction up to a half length (Anax — A.) forces exposure wavelength A to fall into a
typical high n low k region indicated in Fig. 1. The amplitude of the refractive
index fluctuation is not only determined by the position of Apax but also influenced
by the strength of absorbance based on a Kramers-Kronic relation. In principle,
nearly any increment of n value can be achieved as long as the dye has
extremely strong absorbance corresponding to the anomalous dispersion area.
The low k requirement of the organic BARC limits the amplitude of n
enhancement and adds challenges in dye selection and material development.

We have successfully incorporated dyes with absorption maxima between 160-
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consi dered hi gh, which covers entire half of the
absor bance band in high wavel ength area. Wen a
WORK948El y strong dye is used, the high n | oWGd/TB2009/005458

material should ideally have absorption maxi ma, Amax,
such that the actinic wavel ength is the sanme as the
wavel ength A+ that is at half height of the 20
absorption band on the hi gher wavel ength side of the
190 r@hsprefdradly thetnaet Fi7-190) nmTduehads oyariuricracidhinitortheApalymer
moving fromthat position in the shorter wavel ength
StUCl'®-action up to a half length (Amax - k) forces
exposure wavel ength Ato fall into a typical high n
low k region indicated in Fi ? 1. The anplitude of the
r 8 shewldy bei meationed dhataopiinal i igdises wsad) iRidher antiatealye
_ Y ) . Y
cont S5 F 1 Sl ol B bbb SUAYBEERBSoBMpbIR in s
pure rfetratar dn.itsl liguid isokitiphe Tha edsbiptianyspectruaneha dye in coating

may S R Sl s BBl S o ek,
additfieSRIIOSHEHLIFE @Remidi réadiioks.! R dye bekBnés feally i selgior may

BARC | imts the anplitude of n enhancenent and adds
not Redidhtrgle anfireliggidves 6Palng. o ey aRiipR rhag Sw@lzﬁé!d Siniow k
BARBO ¥y Syt %ﬁ%ﬁ% UL 4l CURER LR sINSS the Ldtructures are
absorption maxi ma between” 160-
presented in this work.

A process of the instant invention comprises coating a substrate with a
coating composition comprising a polymer of the present invention and heating
the substrate on a hotplate or convection oven or other well known heating
methods at a sufficient temperature for sufficient length of time to remove the
coating solvent, and crosslink the polymer if necessary, to a sufficient extent so
that the coating is not soluble in the coating solution of a photoresist or in a
aqueous alkaline developer. An edge bead remover may be applied to clean the
edges of the substrate using processes well known in the art. The heating rangés
in temperature from about 70°C to about 250°C. If the temperature is below 70°C
then insufficient loss of solvent or insufficient amount of crosslinking may take
place, and at temperatures above 250°C, the polymer may become chemically
unstable. A film of a photoresist composition is then coated on top of the anti-
reflective coating and baked to substantially remove the photoresist solvent. The
photoresist is image-wise exposed and developed in an aqueous developer to
remcve the treated resist. 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 resist used. The patterned substrate can then be dry etched

in a suitable etch chamber to remove the exposed portions of the anti-reflective
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190 nm preferably between 170-190 nm such as cyanuric
acid into the polyner structure. It should be
WOh/9MAEd t hat optical indices used in the PCT/IB2009/005458
antireflective 5 coating is not the sane as the
absorption property of organic conmpound in its pure
formor inits liquid solution. The absorption _
spectrumof a dye in coating may shift due to changes
film, Yfithcihe Mefliniag phptresisbhctfiyyhs @RNEBh riakik) \agiotis| geset, are

addi tives and possi bl e chem cal reactions. A %¥§k
knowseinathiesart deagic)ingrorgani: aiieliag)ive icoatings. rsushtas e Cle, Fo

[ ' j ' i st udi ed nan
and ?g%vmh?%é'%%%%éé%n%t er%lglgénovm t%é 5???%%@}82\%3" ul ly d

sel ected dyes and the structures are presented in this

woy K. . 0f t ' i, nv ' . .

cobintemediak, BEF 17 Bt sk BphE 1B ErgRECtve coating
and thenplestbidsist tc @nevers iimgrraixiiey, \aneris @hvisiuhepr &s Biirtg within the

i nvention and ating 15 the substrate on hot pl at e
Sc0ngrlcif GUERBRN- o h S TRRTRIE ARFT SicHolter BIOTHG Saet Hom @
solvett, Ahéref dXaphed of BRI her efflysthibhés hrdpolyeiides. of

time to renove the coating solvent, and crosslink the

pol ynmer if necessary, to a sufficient extent so that

t I NG St (= j [

a SRR b uRobr S, for et £ B SYplcH, P Gles
is aledgmvisiatbd eithinetheragoie ofdipd iiekertionc llrean triléyeer2roedsse for

of the substrate usin rocesses well .kn . in.th
exaraplp, ary AEIRNE HITH 5 TPHRGESN S UsNALs AN AU P ieiondimS fygaed
on tHePoRPRIE filAS8Rd al ghdtbRsist e fsXorhed ioh the lawelletliéhiim. The

insufficient 1oss of solvent qor insufficient anmount  of

orgagicdda Gandlng arkgs aaretimigeton By Lhe prramis Bimisdermaghon 2
) r‘ . . " »

suof 30 BB MBR IR GBI R o YRS Ao ey

or maypnafthehecrasalinke vitheheaicen aeidciterianplieaiiProBk sgpin goating

S tapti.all . res t
mefRESEP O B of b FETYE iSRS B R g ALY o Gl thet
whicaqlse diseloded chaphr, 49 areimeenddiatet residt efiln. eftart applying the
.Oﬁtionﬁl heati n ,stgg can be incaqr onated.intf the .
antirgflgetiandtimy. cQppesitionuinsingrgatic {1Y byr $RIR-CaANRR g1, arrpiganic
solvenitas &Y apbiatésd® aridSaldng id FRded Hub P bRI? b Prémbie ¥isklinking
known to those skilled in the art and is optim zed for
reacion t iRe pegyest fine anjiseflestiop edms frogs datermpxing ytithe eRegverlying
. i it - Ghe .
ohoBfs e A FBEBEBElrPIGHS foindy e phberadiaim s
formedt herexfl astdnveppéii tesistviilth Spire coaiing metgog wanobe sised for

ti ten k. Vari . i.n t
o 08, Bhohes T i oL RS MUBERRIL e
photafedie fillodbmdositRinds Applied b&/%gm-@&ﬁm@ méthgenae.ablerbaking is

nown as a bil ayer ﬁrocess. An internedi ate | ayer na

K SS. |
carigel pitac ffedbateshPaiitmaficUileplesets 8RSk iRy BRRl BxRosure

_ i . .
baliR AP EBTanS el B PITRAF Bits LHSIaM e cBlfed D PrRiRRAGsIst
pattémt er redi ate layer is an inert polynmer cast froma

sol vent, where exanples of the polyner are

pol ysul fones and polyi mdes. 10ln addition, a

nmuAhbihey ;ailafs?fs’eem pfam_eseismmre\r/;/_han taL li)d)t&)mrla)&éj?si m;]rmemrwith
process 1s also envisloned wthin the scope of thne
a AL RTRESH R 1OPIq! SR POPPBaIEY. PoMERtmgRls layf s formed

organic filmis formed on a substrate, an
antireflection filmis fornmed on the organic film and
a photoresist filmis for on the antireflection
film The organic filmcan also act as an
antireflection film The organic filmis fornmed on a
15 substrate as a lower resist filmby spin coating
net hod etc. The organic filmpmay or may not then
crosslinked with heat or acid after application by
spin coating nmethod etc. On the organic filmis forned

- . .
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20 solvent is evaporated, and baking is carried out in
order to pronote crosslinking reaction to prevent the
WO9/9M8T7ection filmfrominterm xi ng with an RSTABRYARPS4SS

photoresist film After the antireflection filmis
formed, the photoresist filmis fornmed thereon as an
upper resist film Spin coating nmethod can be used for
form ng the photoresist filmas with form ng the

by ugihbl areintefhodatef iés@t I éredomg?&ltﬂﬁpé@rﬁtﬁﬁﬁ@ sflitdrinatoms. On
onposition is app spi n-coating nethod etg¢

top cpfrféeuatarmgdlaée wer,u o a@tjteﬂeAhQrb layer fased ghathecairefiection

, 0 S a
coatfigl Elthbodficrt of EKPARTE inEHloR R [FKRA® HiIRZbh g of the
antireledliondayera artepilayerpafareran b 0singteh&op tasidt dgyer oompcsltnon
f pr. ctess |,[s such \1\,henl a,bottom | aver i f med with.a f
of oo pBRERt TR e UPS e S pRids ol JhErconthdstich for
formlr@t afemdeah@dlh@ymyer $ndyp lirighete lp)blysﬂww]u&ﬁ(ah@ttﬁséﬁd&w&(ﬁ]e
resi st éO$I conposition contajnin i con atons.

polymgp, f@frapﬂ gade alansatle=-Pal eand Hie g‘ﬁﬁ i Hhan 8loes @ﬁenaa%rby

spinR3afty @bch e cBMbbsbh, e5lt 'aof"]mC eﬁteh@g Si WSSIUI\Pg)réHarEB Sy
pr esent I nvention, IS f or med Fi na y, oOn

CVDamey nbequ@dtaaiheur@tyénedlatetlepen apertop sesisirlfmi d@mnmtwg aa

oot AR 8l el SRR bRl 24 S ARER Bifon i,

top rﬁaerst fayennogxphbnaglawp@ymed witheul aimconmjom ek eeadvantage of

| ysi |l sesqui ed s one
provliq Sinet i S Ui o BpJeRipHess CaRarsG & rotuner apaining
silicdrl AiFnsP" TR fithRYsamid fashititt Ad) theShifdVer r 6tddsOfentidned
afilmof Si02, SIN or SiON prepared by D may be
aboves ea) PRk EircHit e @f dhe Topy asist TRyer tp exRasesk apegrding to
f t & bl
stanfafib Oidcellied’ | Sublediliehl PBbS; FRBIOR. | bRl HPRIE! dhd
devalemrnent aeeyearried mpit itgiabigia apmsystmatmrm hiollowed iyl étcbing and

n gntage of providing superior resolution
ﬂnﬂ@%ﬂ%%@%%ﬁﬁ%g%gg égyer conprising a pol yner contai ning
silicon atoms. Then in the same fashion as the bilayer
e i St praocess nentloned above attern circuit ar
£ Thé dofoypie cvsedipies pervias, daipsculkatbng: dlgtéomegiods of

proﬁb%dﬁﬁ(ﬂ uﬁl‘ﬂﬁ@@%ﬁf?}‘éﬁlt@HQS&QHS HrbYentARYENIRNPIFUES examples
g (PEB) and devel opment are carried out to obtain

are aotr @iersie%étomvﬂr tﬂdlmlbﬂédesigxcteﬂque@ea@fdtheunVMron in any

way (?nth@?ﬂgp “Pf u St r a lg%g agﬁﬁalﬂhe(ﬁ\ﬂdg%ngx p r O U Ci n%ses

whicandustthd utilized erxohmpwelytm @nderdd practicerthe praseant ireehtiom.
These exanpl es are not intended, however, to |limt or
restrict the scope of the invention in any way and
EXAsfuEg not be construed as providing conditions,
paraneters or values which nust be utilized
exclusively in order to practice the present
5 EXAMPLES Synthesis Exanple 1 10 g of
Synﬂg\%is‘ign@gétagﬁe a?ar boxylic acid di anhydride, 10 g of
(+)0 di wkthwanatetracarboxyie,acld @ignhydride, 10 g of (+)-dimethyl L-

4 LA AR g et BN i

monohtigg dthet aretatt |(REMEBAY Were clearged $tb.a flask with a condenser,

thermal controller and a mechanical stirrer. Under nitrogen and stirring, the
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thermal controller and a nmechanical stirrer. Under
nitrogen and stirring, the mxture was heated to
WODHE004X7c| ear sol uti on was obt ai ned after - 1-PXTHB2009/@5458
tenperature was kept at 110C for 4 hrs. After cooling
to 40C, 10 g of PGVEA and 34 g of propyl ene oxi de were
m xed with the above sol ution. The reaction was kept
at 50C for 48 hrs. The reaction solution was cooled to

mixtir@ofad ﬁea@rda!ouwof@ wdleak @Wdoﬁ%§abﬂan¢éa h@érga -.a_rmu The
of water in a hi ee bl ender. The c,y

tomOEH I via8 KEd A LSS o oG ey AP (Ao, 16 6 8f PEMEA
|
and ?:_gg nog;ﬁéypgﬁ‘{irbéggﬁgg ﬂ&grﬂl){boawﬁ’i?r e dblop ¥%B’un§¥ ”‘f‘ﬁla-eféa%tlon was

ut anet e oxyl1c ac
kept @it ORG dior d@, hra0 The abagtion- shluiarhwas cooleat tor mmén tampelgature

enz | tri.butyl anmoni um hIo i de,
and Sy THAHS 6 It T et 1 Hh Peeitog e, Toe
polyrabamgedcltictech aht agéshadt tlho&)ughﬂyi ithewater.NEinaly the polymer
controll er and a nmechanical stirrer. Under nitrogen
was Qﬂﬁdiﬂ‘?‘ﬁ’?P‘ﬁ‘gﬂ“ QVYRB- mi xture was heated to 110C. A clear
solution was obtained after -1-2 hr. The 15

synth&deehahigisowas kept at 110C for 4 hrs. After cooling
y &g]g hﬁ% of PGQVEA, 60 g of acetonitrile, 68 g of

prZQJ}yI eh@utﬂnewraﬂacb@@h@ acfd dranh&dn@ ey pf dpytlimethyl L-

an S0P Y b B e B 8  Bag  Brveol

monsmletl‘tyll etharaetne (RGMEA) 0o dreged hitol beflaaRdvit @‘abmdenser
oured i to I rge armunt of, water in a hi

therBab HASFOIT @D of TReARE! SME| Beehateas @R Ting, the

mixt&raOKas BalaYedMd 14 e c|éar %ﬁdtﬁbnt WEs RBtaRES anas ~qr ﬁ.d The
in a vacuumoven. 40 g ol ymer was obtained with a

tempgsplyre wasdrapyat rdPee uwraﬂr hxﬁemim cpm;ng i9r 666 0 BRDBGMEA,
h
50 o Bbotonffilel 38 .0 Bl End ARED a0, g of tisi2 -eppxypropy)

isocyzanBlreﬁe byveraonized tm’mettne abode chotnjtxpanﬁe geam‘tlon was kept at 52°C
i but um chlorid and
for 4 BEY e, Mool SN, foasd e Y6t nd, gipey
pour@bahﬁﬁﬁarg@taﬁn@xrﬁ' @&Mat‘é‘r i aah@ﬂnﬁ%@deblenﬂénerlﬂ‘ﬁi polymer was
controller and a nmechanjcal stirrer. Under nitrogen

collegiadl and Myashgd thawughly witk Waier- rinalydhe polyroer was &lﬂ@arm a
vaclRfh WbAN4¥as )?Pgtoﬁ) dy & bBlained w'fl@ 8 vml%]htga\?erg%é’fmoleﬂgar

tris(2-hydro cyanuric acl hen a
weighi (@) gqfl;nbgut 32000 g/mol

Synthesis Example 3

20 g of butanetetracarboxylic acid dianhydride, 13.5 g of 2,3-dibromo-2-
butene-1,4-diol, 1.0 g of benzyliributylammonium chloride, and 110 g of
propYlene glycol monomethyl ether acetate (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 ~2-
3 hr. 9.2 g of tris(2-hydroxyethyl) cyanuric acid was then added. The temperature
was kept at 110°C for 3 hrs (a total of 6 h). After cooling to 60°C, 60 g of
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was kept at 110C for 3 hrs (a total of 6 h). After
cooling to 60C, 60 g of acetonitrile, 68 g of
WOHHYHée oxi de and 30 g of tris(2, 3-epoxypr di§yliB2009/005458
i socyanurate were m xed with the above sol ution. The
reaction was kept at 52C for 40 hrs. The reaction
sol ution was cooled to roomtenperature and slowy
poured into | arge anmount of water in a high speed

acetéHikins 88. 9 Bhﬁro?ﬂlleﬁg%&ldé@énopm E%ﬂr@@ 3%0%’699! @ocyanurate

th_orou wat er, and t dried in vacuu
weredyixgd W%Qﬁ%(% ahpve @@tmﬂ dha reaction was kepiral @f’C for 40 hrs The

reaci'(iéﬂpg?ﬂ?g?ﬁ g‘;’faym %@?@ 't(? (Gorfi %@%Yagw hhd SRAY poliré i Brge

her 0
amoueirof water ibua Kighrspead biarcler.cihedeolymer 8@8 cyiectsd @hd vashed

C ohex e e charged into a 250 nt flask with a
thoreieBh AN P e iren R Al BrEelg 3 meanant cal
stirrer. The reaction m xture was heated to 115C under

mtrng( The reacti on was maintained at this
Synthesip a4t or 6 hours. After cool | ng down to 105C,

6.
.1 sl b e RSP Bl e yapd r

olycitile ethenc@Bo8 b hanzylitiituiylamsnariien coloridel ard rid¥mgrams of

cyclérgfgﬁér;@%%%ﬁ{}%é =] uégaafm%#gdr‘é‘t%gés%fgﬁg Sao#ﬁjérh%%é‘t@\s a cold

watet,cl’énflemserselirﬁi aanbdwmh 41 ydhtifrek. s’ﬂmefy asactishenidduré wasumeated to
20, [ t her , .

11580 ket Pgbh ThRBRCtR diasomedueiand atsibis, terRergjure for 6

hour8Y Afteh esaM N BoWR ©® ¢osryesioig1bp ws(é@fép’&yéﬂo@ﬁE is¥chAn@ate

thernometer, a cold water cgndenser and ani cal
was gdded @nd reqetions septiniednatxtQa°e {sanethar# heursos be Jaagtion

solu{‘ér‘i WREEthen ?yofe%a r85‘mw?e?%;5%hf‘&é“émij £ BBl Solid% polymer

erature or 24 hour
solutlwn wae obtadpexkypr opyl ) i socyanurate was added and
reaction 25 continued for another 24 hours. The
reaction solution was then cooled to roomtenperature
SynihegdisExanifle 50l i d% pol ymer sol ution was obtained. The
average MW | s about 10000. ]Sqént hesi s Exanple A 3060?
gr TSt & i ehetiRb Aoyt lNE@fPWurategeSg‘r gramgeot allyl

egcFi}]/V%ﬁgb?ZE'BJ/ g\;‘gLoé ?lé\%wz&ﬁﬁ@ut?l%ﬁﬂﬁor%mp EMfefidee hRd C18s Gffms of
cyclohexanone were charged into a 500 mL flask with a thermometer, a cold
water condenser and a mechanical stirrer. The reaction mixture was heated to
105°C under nitrogen. The reaction was maintained at this temperature for 24
hours. 6.5 g of tris(2,3-epoxypropyl) isocyanurate was added and reaction
continued for another 24 hours. The reaction solution was then cooled to room
temperature and a ~ 20 solid% polymer solution was obtained. The average MW

is akout 10000.

Synthesis Example A

600 grams of tetramethoxymethyl glycoluril, 96 grams of styrene glycol
and 1200 grams of PGMEA were charged into a 2L jacketed flask with a
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WO 2010/ 004377PCT/ 1 B2009/ 005458 t her nonet er,

nmechani cal stirrer and a cold water condenser and
WOha/e3t70 85C. After a catalytic anount of — PCT/IB2009/005458
par a-t ol uenesul foni ¢ aci d nonohydrate was added, the
reaction was maintained at this tenperature for 5 hrs.
The reaction solution was then cooled to room
tenperature and filtered. The filtrate was slowy

’(hern’i’&{'Ié{%?j rﬁecl‘léﬁlﬂal %‘uﬁ%k hh@ d d&i Wbtéﬂ@oh@eﬁéérrdﬂdﬁgadtéd to 85°C

tate lymer was filtered,
Aften/\mmtalytlm ameugh loy pma—tvlwmecsulf@m agid @&pnqh\yﬁrai%df!ﬁﬁm?dded

the rﬁ |o§( \%/,%g dﬁél érQF éteth%o C[ﬂ?‘?g%ure 'f&e %’fﬁ% réé@h@h %%ﬂmon

ar wel out 17,
was ﬂ%ewd:ocﬂé\@l t@arqueh Yethp@atuye tanddilieped. Theohl&met was sl@wly poured

utanetetra arbo |
into @iaNb vaiae whne Stiing 89 REPERGL R PaYEey  ZRE' dolymer was
filter8&, "‘\Méﬁéd Mdugfﬂ@‘%l’h%l@h'a‘hﬂl dHad iang vac&ingo@n (250 grams
prop enegl ycol nononet hyl et her acet at e éP%mre ht of
Wera:hlatag@cﬂ)l epelymes skiaipacthhad agmgighisayerage maledfqpvetgnt o
i rrer. Under nitrogen
abo@ﬁlgﬁ%ﬁ #ﬁ%%ﬁgtﬁ%ﬁ&%ﬁ% \txlagt]heat ed to 110C. A clear
sol ution was obtained after -1-2 hr. The tenperature
S, t gt 110C for 3 hrs. Upon cooling, 30g of
Syn%a@ﬁgf%@e@fl acetonitrile, 36 g of propyl ene oxide
and 21 g of tris(2,3-epoxypropyl) isocyanurate were

@ 0 ShutAnetaiacaba e SeRIRaRTEn 7 P oy el Beey o
benéﬂ‘tnﬁﬁﬁﬁﬁrﬁﬁ%ﬂﬁfﬂ?t Urc?llcﬁf(‘fé sl @y PgsIr eg;el nbPp adr@imeglycol

water in hi gh speed bl en r Theg{) Ly
monmetbyietrma@datar(ﬂ’abdgﬁwetrﬁ@hamgﬁi iptanatiia a dondenser,

ther pal lr%?&glg\%ﬁg %Wf'm Pr{]%gcéji %Iﬁ%al’i Q%@gx?ﬁggg%rg‘éegﬂ stiting, the

mlx'maé ozis! lasateeitg it OPGMA déarbautior] /a808btgihad| afteps-1-2 hr. The

tomBGRWEINES Il L1 CHith ons- B Pl SO ST R 80s o

aceﬂJMﬁ@ ussl gwer epr@b?l%ﬁbVQQlden asd @1ofy RﬁVENlﬂGl\Eeﬁcﬁwa@pyl)
sol vent "t o mak 3 Wt % sol ut on.

lsooyammrata)wetﬁ ﬂw&s’e\d%\ Ermm\@ gQlvligry e %‘@PHO" el ket at 55°C
for é% oﬁ gt H’%E?]L&Bf?od 'goﬂﬁloﬁgig%:sﬁi cB&Ma Pfotiin S8Mmp_RituMASENd slowly

ion. The m xture was
poufed tr&o edlarge angjmnhofrwater ihia high spasd ldepdf?fe Téezolyper was

co$5p B EREEREE o B AP PR 1P 00 o

uati on

vacQfimosVdrf. a2 pasiapalyeEes wisi oiftamespwith rroseighit average molecular
Elli psometer. The 05} zed refractive index "n" at

Welmbtd 2habewd 5000959 on Sparaneter "k” are listed in
Tabl e 1.

Coating Formulation Example 1

1.0 g of polymer from Synthesis Example 1 and 02 ¢ of
tetramethoxymethyl glycoluril were dissolved in 30 g of PGMEA/PGME 70/30
solvent to make a 3.3 wt% solution. 0.1 g of 10% solution of dodecylbenzene
sullfonic acid /triethylamine in of PGMEA/PGME 70/30 solvent was added in the
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Coating Fornul ati on Exanple 2 1.0 g of polyner from
Synthesis Exanple 2 was dissolved in 30 g of 10
WORSIEIHPEVE 70/ 30 sol vent to nmake a 3.3 wt % sAGHIBaMI/005458
0.1 g of 10 % nanof | uor obut anesul fonic acid
/triethylarnine in of PGQVEAI PGVE 70/ 30 sol vent was
added in the polyner solution. The m xture was
filtered through a mcro filter with a pore size of

polyrie 2s¢liNié 0T Heoi@tkeORag filtsrel thrsughed @ficrnfitdp &kﬂfﬁa pbre size
200C for 90 seconds. The wafer was subm tted f

of 0.2 aRd reategdionupilican watsranst kaked ali 200 °@5op90 seconds. The
wafef RRE! S BRGRBH Tolbld RV CopticH paRBhbitle Bbing & 5p&itdRopic

I ndex "n' nmandt orption paraneter
Ellipsareeter.sThel ophrrwsu @fm,ctl‘@)mdan“rf—‘c&tniﬂihnhb ﬁnExbmbcsowtlon

Oy f om Synt hesi s Exanple 3 was

parauﬁ\%gesro ve Ilsrt)é)%%{ﬂbé%ﬁPGVEA/ PGVE 70/ 30 sol vent to make

a 3.3 wt%solutlon 0.1 g of 10 %

nanqf | uorobut nesul fonic acid /triethylam ne in of
Coa %G“@&?gent was added in the pol yner

sol uti on. The m xture was filtered through a mcro

filter with a pore size of 0.2 pmand coated on a
si 1.0 bt vRalwpet franh Syethegis E@@mplebﬁ was otiss@vesh i 30THeof

PGM@(/PGM‘@%@/%B”&&%&Q {Pma¥aluaty °/°fsoﬂﬂfo'n°%1 ¢of 10 %

anetérs using a s ectroscop C psonet er.
nanaﬂpbrolnuteﬁtbsutfbmlatﬂqld/étnethuylamxhe 'in adf H@MEMPQME t7|®é30 solvent

was e@i ﬁbf %{rg%ﬁtrlc& marrg&jfurgéﬁe?sdﬂﬁereg %_w%lgé adplctr%glter
with qu(xm%izes@ﬂ 0.8 |fri @y oatdiesh o diicumpiafet antdbaked 2t @00PC for
t he mar from Synthesi s Exanple A was dissolved in

90 segp Sof CKAERY PERESUPD)itiRr E%IQ)’@H@“PB Fhopdical pRramgtes using

o oSS, ekt AN 2405 o

the apsoytion @rm@tqdhfe@reuhﬁtadme Teblg/ler sol ution. The
m xture then was filtered through a mcro filter with
a pore size of 0.2 pmand coated on a silicon wafer
Coating Fozkmdation Bxampled 90 seconds. The wafer was
subm tted for evaluation of optical. paraneters using a
spect roscopi c Ellipsoneter. The optim zed refractive

Inﬂgx oF @mé9$onm thddie BRRPIP3 %sparsaam@rmfm of
Iglgstep ?n p %}ﬁ 10 Coatlmr% For mul ati on Exa g

PGNBEA/PGME07Q/§098@IV€%@ poakerE 3P| Wi fsahuiony id-hedi @ 10 %
randB{ 8 o A, L34 i e PP AP BIE RIS sotven
was added in the polymer solution. The mixture was filtered through a micro filter
with a pore size of 0.2 um and coated on a silicon wafer and baked at 200°C for
90 seconds. The wafer was submitied for evaluation of optical parameters using
a spectroscopic Ellipsometer. The optimized refractive index “n” at 193 nm and
the absorption parameter “k” are listed in Table 1.

Coating Formulation Example 4
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15 70/ 30 solvent to make a 3.3 wt% solution. 0.1 g of
10% sol uti on of dodecyl benzene sullfonic acid

WO 09/448% ami ne i n of PGVEA/ PGVE 70/ 30 sol ventPGRA$2009/005458
added in the polynmer solution. The m xture then was
filtered through a mcro filter with a pore size of
0.2 pmand coated on a silicon wafer and baked at 200C
for 90 seconds. The wafer was submtted for eval uation

ofp, ,%)fg' @fa{hepﬁélg_m@t ebkd %wspmh@s@p@ﬁmgswand 0.75 g of the
Elli psoneter he optim zed refractive inde

polyrmgs fiopn Shasice Edam%ﬁ ¥raspeipaehied in 30 Qale Pﬁ'\éﬁgfﬁ’@'\‘l’f
70/36_3F5I99|th tgo?ﬁél(ég of Bub@d, oy fsRTPh e Q_; 2c§f1 1028 Slution of

yner solution from Synthesis

Ex
dodaﬂ:lyHa@olzereei sulifopicgacifl /PeiERmGKEN 70/ é@nﬁlﬁﬂ/BﬁME 78/3hag@vent
3 % sl ut | % I t I f
was Agifed i fiee e SLUARE e haine e s el ffodbn g icro
filterWitht aiperet sige owag firnlanerrceaidchom e glilicenniafeoarid balesrd aw 200°C
o e, e b BB R o 53l Bl etrs
usmé”%%ﬂé@trb&@&’plé ‘Elhp%&&ﬁie@é\* TRE oPlinfPRid EMachad MRk CH'SatufdNIM

pectroscopic | i psometer. _The optim zed
and H@ratse@mtm pargg;@tern"k ate lisder iinTabid * he absor pti on
paraneter "k" are listed in Table 1. Coating
Forrmul ati on Exanple 7 5 1.0 g of polyner
CoatingRaronulatiomExamypsled s Exanple 5 was dissolved in 6 g
of PGQVEA/ PGVE 70/ 30 solvent to make a 3 wt % sol uti on.
1% nanof | uor obut anesul fonic acid /triethylam ne was

?d?l tgg d gf :ﬂlri]@ p@wmem“ona qfdm? ISﬁ/ththeHEE tEgambw 2 drine. 7\5@93 of the
| ere roug a mcro | er w a ore

polymies T Spnthesis o%ffaé@plerﬁ avas disselyeglaines0 £hQf ?&ﬁ@&%GME
70/3%0%@\/%9{ %Oorﬁﬁl@ngss 3ThaoAas oS ost! b&‘ bt efoskOlsolution of

eval uati on opt | cal par aneters usi Jﬁ\%Ct r OSCODI C
dodggyihgnzenstsaiforithacidptriathyaminesiny Q’CPF:WEE E#p/3@solvent

wes el bl R3RAEH, 1 PR ik b BBl for
filterf withvalpate sizeax @lﬁ)bﬂﬁa@dxba&ed onra dllidcomwaten aaddraked at 200°C
for &09 ?éeggr]\ds@mei r\}v%feliro&/gg s% t?eﬁorngva“?uatlon of optical parameters
using a spectroscopic Ellipsometer. The optimized refractive index “n” at 193 nm
and the absorption parameter “k” are listed in Table 1.

Coating Formulation Example 6

1.0 g of polymer solution from Synthesis Example 4 was dissolved in 6 ¢
of PGMEA/PGME 70/30 solvent to make a 3 wi% solution. 1%
nanofluorobutanesulfonic acid /triethylamine was added in the polymer solution.
The mixture then was filtered through a micro filter with a pore size of 0.2 ym and
coated on a silicon wafer and baked at 200°C for 90 seconds. The wafer was

submitted for evaluation of optical parameters using a spectroscopic Ellipsometer.
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The optimized refractive index “n” at 193 nm and the absorption parameter “k”
are listed in Table 1.

Coating Formulation Example 7

1.0 g of polymer solution from Synthesis Example 5 was dissolved in 6 g
of PGMEA/PGME 70/30 solvent to make a 3 wit% solution. 1%
nanofluorobutanesulfonic acid /triethylamine was added in the polymer solution.
The mixture then was filtered through a micro filter with a pore size of 0.2 ym and
coated on a silicon wafer and baked at 200°C for 90 seconds. The wafer was
submitted for evaluation of optical parameters using a spectroscopic Ellipsometer.

The optimized refractive index “n” at 193 nm and the absorption parameter “k”
are listed in Table 1.

Optical parameter evaluation from coating formulation examples

Table 1. n & k measurements at 193 nm.

Coating n k
Formulation

Example

1 1.66 0.01
2 1.73 0.08
3 1.78 0.13
4 1.83 0.24
5 1.83 0.26
6 1.91 0.30
7 1.92 0.25

Litho Formulation Example 1

0.5 g of polymer from Synthesis Example 2 and 0.5 g of polymer from
Synthesis Example A were dissolved in 20 g of PGMEA/PGME (70/30) solvent
and 0.4 g of y-valerolactone to make a ~5 wt% solution. 1% of dodecylbenzene
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0.26 6 1.91 0.30 7 1.92 0.25 20 Litho Formul ation
Exanple 1 0.5 g of polyner from Synthesis
WOR0HET72 and 0.5 g of pol ynmer from Synt hesi UBIBAYOL05458
A were dissolved in 20 g of PGQVEA/ PGVE (70/30) sol vent

and 0.4 g of y-valerolactone to make a -5 wt%
sol ution. 1% of dodecyl benzene sullfonic acid
/triethylam ne, and 1% of triphenyl sul foni um nonafl ate

sullfoMRs BciadeRthyiaminke aRal e t&sHeHylUfonilitE ndhaflaié verd @Bded
was filtered through a mcro filter wwth a pore size

in thgypolymer ﬁﬁ{utlgnLTfﬂGh Bidyrenieatwasfilsiadpireugh a micro filter vgth a

I from Synt hesis Exanple 2 and 0.5 g of
pore%ke%edr( Eném Synt hesi s Exanple B were dissolved in 20
g of PQVEA/ PGVE (70/30) solvent to nmake a -5 wt %

o SEluti 1% apof | uor obat ane sul fonic acid
thhq FPF'B{"%P&# ';1?83 g/as added in the polynmer solution.
The m xture then was filtered through a micro filter

with a pore size of 0.2 pm L|th%22erforrranc?
eVhP P 8H|Y6Ter|_fFQVHoSﬁHPﬂ$J$ doramplecapprd-a g of polymer from

Synthesis Example B were dissolved in 20 g of PGMEA/PGME (70/30) solvent to
make a ~5 wi% solution. 1% of nanofluorobatane sulfonic acid /triethylamine
was added in the polymer solution. The mixture then was filtered through a micro
filter with a pore size of 0.2 ym.

Litho performance evaluation of Litho Formulation Example 1

The performance of the anti-reflective coating formulation from Litho
Formulation Example 1 was evaluated using T83472 photoresist (product of AZ
Electronic Materials USA Corp., Somerville, NJ). About 140 nm thick film of Litho
Formulation Example 1 was coated and baked at 200°C for 90 seconds on a

~ silicon wafer. Then a 190 nm thick T83472 photoresist solution was coated and

baked at 115°C for 60 seconds. The wafer was then imagewise exposed using a
Nikon NSR-306D 193 nm scanner with 0.85 NA, under dipole Y illumination of
0.9 sigma with PSM mask. The exposed wafer was baked at 110°C for 60
seconds and developed in AZ® 300 MIF developer (available from AZ Electronic
Materials USA Corp., Somerville, NJ) for 30 seconds. The cleaned wafer was
then examined under scanning electron microscope. Line and space patterns
showed no standing waves, no footing and no scumming, indicating efficacy of

the bottom anti-reflective coating.

Litho performance evaluation of Litho Formulation Example 2

38



10

15

20

25

15The performance of the anti-reflective coating
formulation fromLitho Formul ati on Exanple 1 was
WO2P48Ed usi ng 183472 phot oresi st (product JICTAB2009/005458
El ectronic Materials USA Corp., Somerville, NJ). About
140 nmthick filmof Litho Formulati on Exanple 1 was
coated and baked at 200C for 90 seconds on a silicon
vvafer Then a 190 nmthick T83472 photoresist solution

vvaf e %%%%ﬁﬁ@e H Pakeh %ﬂé&t@g E&tin g;ofo?ﬁﬁfpaﬁﬁ)‘f’l fréhe Litho

I magew se expose usi
Fomfxmmommel@ seuwvaesosmammemusinng&%Mﬂ:Aph@tnciaatstdpq‘mucét of AZ

cec B ETSA B S o EREE o TP S o

Formulatibf( Exasipfe M\Eagiem&ie@pamd (bakedleatﬂ(m"f)rmm%Zseconds on a
El ectronic Materials

stcauigisfhing 190 Bielicar BPH RN o1S e SO v coAlae And

bake? 5’39 8 6 bthdy. GheSHRE wakithén ANdg&wias %xp@éédi‘ﬂﬂﬁg a
no standi ng waves, no footing and no scu

NukonrdeBa?.Qaﬁg 188fnm segniagr Wik 18Rk N wister digle é(:t"uuménaﬂon of

0.9 £Gfd Wtp. BSMI%n e fﬁ%”gg&%@’ Nat (BB Blkdd &M 10°C for 60

secoPdis nACHS/ETaEY ih BZ® 300 08HSdeveloper (EMIqblﬁ fromn%iZ] &deadfonic

s A 0S50S B 08, R, P S e v

thean%rﬁ?héa' Shddr péc%n% 8lbchién Ehiedscopi ¢ Liiet and alpacé/Phatterns
rp., Sonervil About 140 nmthicgk film

show@ e FARHDD WAVSS Eszafﬁaﬂl@ angaw é%%‘a%r&'ad'ﬁmeé'?acy of
5 I f Th 190
the @&%&ERL %ﬂ@g%ﬂ%&%?egi st SIso: S?Po\r/]vawzg coa?gdaand
baked at 115C for 60 seconds. The wafer was then
e e . usin Ni . \NSE 1 .
LR dpreclie GegentRh"dh fhel iRROE TSR Brid Mbscribes the
presen® i%gcﬁ?nvmpgdgmﬁfawmgm dd'Bmﬁ)d saxelpamiél/smaherdemsbemmw the
at or seconds an evel ope
preffsod; SRAMEDiE PLINS PRI Goy FeRliona Sy, [P Lo be
und&%ﬁ)&oﬂﬁr’[ thSWRINtibh |18 cadabiel 8f usé i1 ¥aABES othidrecomhisiaatishs,

er was then exam ned under scanni ng el ectron
modifications.opad envirenmentss ﬁadelspﬁftiﬁ’@?'ﬁsp sHtRRagsner srodifigatigns

U g DERI T PR, B St s
wuthdmcaibqvel wacblfngs remdiorvibet skith oi khawtedgeey thadelbwaot aﬁe%he

ti. Addi t [
S i oabf PRt dinve SR endr o aiaig bk modes
kno%h%f'pfwé’cmihg%’mebmhentﬂﬁ'n & to enableadinge, skilfed is th@ apteto utilize
understood that the invention is cg\g bl e of

the {renéioR insHeh, opphATRAMepisyARd t@ﬁs"a”QHﬁ 5 nodtications
reqlﬁ@éi P}‘? %Bﬁﬁlcﬁ% d\ﬂﬁhﬁﬁ%@ & L‘Pgescafafﬂg%v&{hon Accordingly, the

I oNns In the SCOop of the 1 nventive
descmpt(mfp‘s reod wﬁmpxﬂa:t@ddmhﬁweennnentwni@ethg derm disglospd thegeein. Also,

it '&r én g%(?%é?{t gﬁﬁ%%t‘%ﬁnfsk beg céStgjégi\A?]er el na%o#éﬁqatwe

emi@sdimbdtst her |ntended to explain best nodes known of
practicing the invention and to enable others skilled
inthe art to utilize the invention in such, or other,
enmbodi nents and with the various nodifications 25
required by the particular applications or uses of the
i nvention. Accordingly, the description is not
intended to limt the invention to the form di scl osed
herein. Also, it is intended that the appended cl ai ns
be construed to include alggrnative enbodi nent s.
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Clainms: 1. An antireflective coating conposition
conprising a polyner which does not contain an
WORKHMH3T chr onophore, an aci d generator, and PCT/IB2009/005458
optionally a 5 crosslinking agent, where the polyner
conprises a structural unit derived froma diacid, a
triacid, a dianhydride or its corresponding tetraacid

or a mxture thereof and a structural unit derived
Claiheom a diol, a dithiol, atriol, a trithiol, a diepoxy

cont ai ni ng conmpound, a triepoxy containing conpound,

or m xture thereof, where the diol, dithiol, triol,

tr
- oM et SR KSR S BB Ho
contamd/amr grenfaiic  ahorrsophorepnami asidorgeneratonpr and| Ioptlemaily a

' The antirefl.ectiv
cros@fiiRE agent, wherd the' Wy EPEPHSE 2 Sl Mt daiveddrom 2
diacice petiatidy a dimhﬁydﬁﬁesirmlsaidmfe@ 6ﬂdlngﬁet(*é'ém@oB&Jm/)duréll)é?eof ‘
[ 0,"03- O, I:\é)&ﬁ\ wher e each of
and amctv&a'i%feg% freg ar@ola EhSH'E"QP cﬁr&'ﬂqlcal ﬁnﬂu@ln@ diepoxy
contBirRy (Yomﬁéﬁr‘ibl 2Duiebody @&Qal% nq Mﬁﬁ@uﬁ%ﬁ@r'rﬁf xﬁ‘fr@tﬁé?@of where
structural unit derived f a dithi ol
the chqlodithiglt kil hirghiol, athg @moyycmntainmm@omwodn@r ivepaxy
<t nt,a C n
conta I 8RRk teahs 0N A" fhor¢ Hitiegin, Bhad sty atoms or
contdimsionedorfmora alkyltene gpmups. cont ai n| ng conpound, each of
R2 and R20

2. The antireflective coating composition of claim 1 wherein the polymer
comprises a repetitive unit of structure (1) or (2)

(”)_- /R1)k
\y\/ (1)
o O o Q2————0—2—}—
B o O
0
pann
—‘[_O—LQ“\ /QS_”_ o QR @
10/k1
o—r—Qi 02———”——o—z~o—Lo4\ /(/03_JL0/
s 0 arn N
' /O__”/ Q2*—”——O**Z1\
B o O

where each of Y and Y1 independently are a non-aromatic linking moiety; each
of Z and Z1 independently are the structural unit derived from a diol, a dithiol, a
triol, a trithiol, a diepoxy containing compound, or a triepoxy containing
compound; each of Ry and Ryo independently are hydrogen or the structural unit

derived from a monoepoxy containing compound; each of R, and Rog

40



i ndependently are Rl or the structural unit derived
froma dithiol, a trithiol, a diepoxy containing
WOHiI4AH, or a triepoxy containing conpound; REHCB2¢/005458
QL, 02, 03, and 04 are independently a direct bond or
an unsubstituted or substituted 01-4 al kyl ene; each of
h and hl i ndependently are 0 or 1; and each of 5k or
kl independently are 0 or 1. 3. The antireflective
indep@addrig @enMRedrt thensthfictGlafiumit2demRueirdmhal dithibl 2Bdiikhiols a
1 or erein his 1 and k is 1. 10 4. The
diepgry CPRIAINIRG CoBPeHAE: ﬂgadaﬁm@ SQIHAINKTY WP@W dgfach of Qf,
Q2, Cd)@' Hdl QP afe V‘iﬂ@é@éﬁbérﬁl? é’c°t' Bb@@ %Prahh%ﬁsubstltuted or
onprises an aronatic C onD ore
subsammd Enladiylene; @@ahuqﬁg] mﬂwmdependemtlyawge @poe1pénd each of

5 ko b RBReAebMABTREAL i i oa 017020 al kyl ene

unsubstituted or 15substituted 01-020 cycloaliphatic
unsub tituted or substituted 01-0

3. he?%‘? Gl '8%\tl"4€p‘l‘%ﬂ ing W@W'O%?fe?'%'ﬂégl‘%hqrﬁwm is 0 @ndég\g) 1
or whBlein his 1 and kis 1.

10 4. The antireflective coating composition of any one of claims 1 to 3 wherein
the composition further comprises an aromatic chromophore.

5. The antireflective coating composition of any one of claims 2 to 4 where Y
is selected from unsubstituted or substituted C+-Csp alkylene, unsubstituted or

15  substituted C4-Cy cycloaliphatic, and unsubstituted or substituted C;-Cop
heterocycloaliphatic moiety, preferably from

@ @ OYN\N’/O Py

6. The antireflective coating composition of any one of claims 1 to 5 wherein
20 the structural unit of the diacid, triacid, dianhydride or its corresponding tetraacid
component or a mixture thereof is derived from
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O ./l 6.The antireflective coating conposition of any

one of claims 1 to 5 wherein 20the structural unit of
woOhelodaord, triacid, dianhydride or its correBpomBiong005458

tetraacid conponent or a mxture thereof is derived

from WO 2010/ 004377PCT/ 1 B2009/ 005458 where R6 is

i near or branched al kyl ene chain of 2 to 20 carbon

atons, which may al so contain an ether oxygen or ester -

groups, and R7 is hygrogen or mgthyl. 5 7.The

ant FYe coatiny conposiyion of y one of

)
1

clainms\ 1 t/o 6 where t Str ral unit s ,
rttyotS—triol, trit@ol, dl epgRy contgi ni pound,
ri eNoxy containing c oun ,\\r m xtury_tA §:

O depi'v from OHHO014. 0 CH
o o] 0 4 5
O 0] @) O
\_ O
0] O] 0] O
O o o o o
: O
O




/IRRoo RRoo .1\17N-N, "100 / OH ,0 "l oo 0 OH HOOH 0
H
WO 2010/004377 PCT/IB2009/005458

O\[/N\‘/O O N N\'\TO ]
Y (T X

OH
: 0
Q HO OH
| 0
AN < A /
5 S—R5S 5 S—R—S
- o ¢ @
o o
o
o) 0
o) o)
7 R, \O

o Rz

where Rg is linear or branched alkylene chain of 2 to 20 carbon atoms, which

may also contain an ether oxygen or ester groups, and Ry is hydrogen or methyl.
7. The antireflective coating composition of any one of claims 1 o 6 where

the structural unit of the diol, dithiol, triol, trithiol, diepoxy containing compound,

triepoxy containing compound, or mixture thereof is derived from
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where Ryq is hydrogen, alkyl, or alkenyi.

8. The antireflective coating composition of any one of claims 1 to 7 wherein
5 the polymer has a repetitive unit selected from
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WO 2010/ 004377PCT/ 1 B2009/ 005458 where R100 is

hydr ogen, al kyl, or alkenyl. 8.The antireflective
woaetoiogg7conposi ti on of any one of clains 1 toPZT/IB2009/005458

wherein 5 the polynmer has a repetitive unit sel ected

from

(CHQCHZO)G—\QO o (CHZCH(CHS)O),,——\<l

o R
—{—0 v r/
Oo A

{ (CH,CH(CH,)O)4 HO
g ——\QO { (CHZCH(CH3)0)4
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R

WD 2010/ 004377PCT/ 1 B2009/ 005458 9. 'The

antireflective coating conposition of any one of
wobheiorme427t 0 8 where 5 R1 is the residue of a ROTMOBPONGOS45S

cont ai ni ng conmpound. 10. The antireflective coating

conposition of any one of clainms 1 to 9 which further

conprises a solvent, which is preferably selected from

propyl ene glycol nethyl ether, propylene glycol nethyl

et her .acetate, cyclohexanone, 2- 10 he aﬁﬁne, et hyl

3- et hoxy-Qpr opi onate, propyl ene glycol thyl ether

acet atle, et hyg | actate, gamma val er ol a%;r@, jsetla,yl

3- et Brop te, and m xtures thereof. C{) 1. A

i ' Hor e

from a dilaci d,

aols5~structural unit derilve

. . . . . 0O .
a tor a di gohydride or its corr ding & No—
tetrgacPd or a%rmQture thereof and a struoctural unit
derngg{roma diol, a dithiol, a trih<a tohthiQb)
di epoxy \contHHFHGsco nd, a triepoxy Coffaining ?

conpound, or mxture thereof, where the dial, dithiol,
triol, trithiol, the diepoxy containing conpound, or

tri epoxy containing conpound contains one or nore

ni trogen 20 and/or sulfur atons or contains one or

ol e ankidfientvey coalirey compogitibry 8 ang WHY bSEIAENS2 to 8 where
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10.  The antireflective coating composition of any one of claims 1 to 9 which

further comprises a solvent, which is preferably selected from propylene glycol

methyl ether, propylene glycol methyl ether acetate, cyclohexanone, 2-

heptanone, ethyl 3-ethoxy-propionate, propylene glycol methyl ether acetate,

ethyl lactate, gamma valerolactone, methyl 3-methoxypropionate, and mixtures
thereof.

11. A polymer which does not contain an aromatic chromophore comprising a

structural unit derived from a diacid, a triacid, a dianhydride or its corresponding

tetraacid or a mixture thereof and a structural unit derived from a diol, a dithiol, a

triol, a trithiol, a diepoxy containing compound, a triepoxy containing compound,

or mixture thereof, where the diol, dithiol, triol, trithiol, the diepoxy containing

compound, or triepoxy containing compound contains one or more nitrogen

and/or sulfur atoms or contains one or more alkylene groups, the polymer

comprising a repetitive unit of structure (1) or (2)
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5 where each of Y and Y1 independently are a non-aromatic linking moiety; each
of Z and Z1 independently are the structural unit derived from a diol, a dithiol, a
triol, a trithiol, a diepoxy containing compound, or a triepoxy containing
compound; each of Ry and Ry, independently are hydrogen or the structural unit
derived from a monoepoxy containing compound; each of Ra and Rz

10  independently are Ry or the structural unit derived from a dithiol, a trithiol, a
diepoxy containing compound, or a triepoxy containing compound; each of Qf1,
Q2, Q8, and Q4 are independently a direct bond or an unsubstituted or
substituted C1.4 alkylene; each of h and h1 independently are 0 or 1; and each of
k or k1 independently are O or 1.

15

12. The polymer of claim 11 wherein the repetitive unit is selected from
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diol, a dithiol, a triol, a trithiol, a diepoxy

cont ai ni ng conpound, or a triepoxy containing

conpound; each of Rl and R10 independently are

hydrogen or the structural unit derived froma

nonoepoxy contai ni ng conpound; each.of R2 and R20 10

I ndepen Hy are Rl or the structura—Qtit derived

froma ithioI atrithiol, a diepoXxy conta%ping
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i ndep tly are o &5 12. Iyner o ai m

11 wherein the repetltlve unit is sele ted from
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coated substrate conprising a substrate having thereon
wanoarn#d7ef | ective coating |ayer fornmed from t RET/IB2009/005458

antireflective coating conposition of any one of

clainms 1 to 10, where the antireflective coating | ayer

has an absorption paraneter (k) in the range of 0.01 k

< 0. 35 when neasured at 193 nm 1014. A process for

form g an image conprising, a) coating and baking a

subst %* with the antireflective coati gg—oan'posi tion

of an oeof clalrrslto 10; b) coatin nd baki ng a
phot or |s f|Im% of the antirefl ett#Ve coat &ng;
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I magewi se exposi ng the photoresi st;

i mage in the photoresist;
weubstwat7e after the exposi

patterning a substrate by

bottom5 layer is fornmed o

d) devel opi ng an
e) optionally, baking the

ng step. 15. A proceBeTABI009/005458

i thography wherein, a
n a substrate with the

antireflective coating conposition according to any

one of clains 1 to 10; an

formed o q@
i nter rredir%f
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i nternedi ate resi st
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silicon at 5 ‘atop resist |ayer ”sﬂgmrned on the
i ntergredi ate fredi st-layer by usiqigaa bop resist Payer
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O/(CHQCHQO) ‘\</O Ho{o/ (CHZCH(CHa)O)n o

HO{ {CH,C H(CH3)0)3 0—< CHZCH(CH3)0)4 o
>—OH
?~OH

O

O

o—< (CHCH( Cl-13)0)5 \>_ (G CHa)o

5 13. A coated substrate comprising a substrate having thereon an antireflective
coating layer formed from the antireflective coating composition of any one of
claims 1 to 10, where the antireflective coating layer has an absorption

parameter (k) in the range of 0.01 <k < 0.35 when measured at 193 nm.
10 14. A process for forming an image comprising, a) coating and baking a

substrate with the antireflective coating composition of any one of claims 1 to 10;

b) coating and baking a photoresist film on top of the antireflective coating; c)
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imagewise exposing the photoresist; d) developing an image in the photoresist;
e) optionally, baking the substrate after the exposing step.

15. A process for patterning a substrate by lithography wherein, a bottom
layer is formed on a subsirate with the antireflective coating composition
according to any one of claims 1 to 10; an intermediate resist layer is formed on
the bottom resist layer by using an intermediate resist layer composition
containing silicon atoms; a top resist layer is formed on the intermediate resist
layer by using a top resist layer composition of a photoresist composition, to form
a trilayer resist film; a pattern circuit area of the top resist layer is exposed and
then developed with a developer to form a resist pattern on the top resist layer;
the intermediate resist layer is etched using as a mask the top resist layer on
which the pattern is formed; the bottom resist layer is etched using as a mask at
least the intermediate resist layer on which the pattern is formed; and then the
substrate is etched using as a mask at least the bottom resist layer on which the
pattern is formed, to form the pattern on the substrate.
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