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ANTI REFLECTI VE CQATI NG COVMPCSI TIONS Field of Invention

WJE}@ §.ent invention relates to a novel PCT/IB2009/005458
antire Iectlve coating conposition 5 and its us

i mage processing by formng a thin [ ayer of the noveI

antireflective coating conposition between a

reflective substrate and a photoresist coating. Such

conpositions are particularly useful in the

f abri cat i ANTAREEEFCIOVIE GROATFING GOME

phot ol i t hogr aphi c techni ques. 10 Backgr ound

Flel ore 'r?t conpositions are used in mcrolithography
for making mniaturized el ectronic
onents .suc abricatio

[ h
coTB8 MR G aRus B Aovedikathdtye SBRR, Bhrposition

andMsQﬁ‘s%SlﬁQﬁ\ag@ ;irbbéesmﬂﬁby ftﬂ g hithim |a§:eraofnh@tn@x/e|sar&treﬂecuve
np05|t|on IS irst ap to a substrate materi al

coatiqg §86W°§§‘°§| P?%@nmﬁfréﬁ)%CW§@‘Wﬁt%ﬁﬂr@ Hhﬁ’i‘e@?‘ﬁt eaatmg
Such! ('ScS’rH bSitionld'&r& g?efrﬁ&lédﬂp%%ﬂ &n | the (ABACARICHs t's@mlconductor
evap o ate any ent i'nt phot oresi st conposition
devia:adbycpfmodlthwaptuatteﬁgﬂwﬁso the substrate. The baked
coated surface of the substrate is next subjected to
n_inmage-w se exposure to radiation. This radiation
re causes a chemcal transformation in the
d 20, areas.of the coated surface. Visible
| GRPLOTRFISE FPMROStIEVSTa (5RE. Mo IREIHIIPISRAIN Aracseses for

makiigli ditiafieedy ertRohiedcdinpdRehtsP8aCIE 083Dl Ythé!SRBribaiEY of
in mcrolithographic processes. After this inmage-w se

compyiRysehips anseintegratay sirpiisr aGenesallyy @aﬁf&swmeases a thin
coaﬁﬁ%% ARELf & %H{dr Hst &rﬂbé&%ﬁgn"g fﬁé‘lﬁap&fﬁ@‘f@ aeéJH%ﬁ'étet M&terial,

I at1 on- expose or the unexpos reas of
such lest silicesi waferL B3ée farrreaking dvegidded hiecuiisni Eheucmatad isphstrate

r,devi ces S d.t e o ,
s tn, BB ROP U dtare L STRa R thE Hrbrblt afiaSTuE fnd to fix
the wuﬁhgeogﬁ)hhe clbsialieatTherbaked doasedbwtadecst the substrateds next
of s isticated nmultil evel s stens to overcone
SUblﬁCFEf(f&ﬂ”i [MRRIETWSGXROSHIENO 'RIGHOA i ni at uri zat i on.
use of hi ghI y absorbing antirefl ect ive coatings in

5' N PIROSUES SaUSRTeA SHBRYRR! Arangtaimatian 4k "?Gh @Xposed

areé’é %b'tl@é’"%ohﬂi@f sun?a%é' t V@ltﬂg‘lm? kulfrﬁfn'o%@t(uw Ii@fﬂ ldig&fon beam

fromhighly reflective substrates.
anddi %y alieciayds eoprgyacie r eddiatian vhyp9s ac@mmﬂniv fuged today in

mic &{tﬁég{rgéﬁgc roegesggé or sFeang{ W&:%tr & S)Japgure-rhfh% coated

erf renc
substrategisstréated witH a a:ievbioper \aohimbn do rdisxoivenand agrnede lejther the

variation n.the total ht .inte t n the
radﬁﬁaw'egﬁéq of ensaPbies o %émi'éeep Slopdsists phot o esi st
i{efl ective notchin onmes severe as
gﬁ%r‘é%” fowards ihe gpnjairigs “Q B%WPQP@%CtQBH?‘éP?ﬁ ﬁas led to
the tu%BQQ RN pRtordtab l’!ﬁﬁsare‘%’%h&‘fivé Q@‘ldvﬁ‘ér érﬂcgmlvetr RyRMe8hgths of

photoresist film leading to line wd
radkaapnaand)ﬂi@s alse led tqﬁ&ee%se@fesmglcww rfﬂtﬂlglewelgswigms to

ovetbdle GRRIRSLaEMURES Hitf Subh Sfiniaturization.

The use of highly absorbing antireflective coatings in photolithography is
one approach to diminish the problems that result from back reflection of light
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In cases where further reduction or elimnation of
dth variation is 10 required, the use of bott
W%ﬁqlplp%"ﬂ ective coating provides the best sol u]f(FT)’}PZPQ? 005458
the elimnation of reflectivity. The bottom
antireflective coating is applied to the substrate
prior to coating with the photoresist and prior to
exposure. The photoresist is exposed i magewi se and
fromy gighlyopadleclive subsiratess | Tove meeoncdaadvaytagest 3 beozlpwmumy

v g A B U LB S I S L o

starﬁiti:tgslt/vgaéi, ;e'ghlﬁt iiefl cangabdn erltlbglghr%l?\{ldtgadil??rb}&Sf ¢duved by
_shoul.

varighiEdf 485 1oL BonniSiehe i Moine ihroraraiet (18 o5 e Hicknesn aithe

phottdrédIstuéh¥es s SReffectios holhild BetiiREL 589 R ad {He”btﬁjc%l‘é%%t is

the etch process. Antirefléective coatings nust al so
pattpiescauer st aiaseeantaibingr ioppoiaphieal festuiest mhich acaster dight
sire
th rofjpft? rt]l’({)%}ﬁa pﬁ{?&l&r @Fn , ?%(a%?ﬁé‘ b 1ihe V\ﬁ&h t\%\FﬁtléEsg e%%g?]yfhteo&treme
caséxafoeniagbegibnaw\ahtntaanqrﬂémcnhmesmak)ssg that functions
wel | at exposures |less than 300 nm Such
anin casé=atheve fardiadri regiactieedr etimiratienhofgines ividih nalriation is

roa il 2 D58 ¢rrelom Srliaoqt efedting pioviesdne dsst sglitiopgor
the SlilMVARYn OF rétietviyENHe@bttom antirefledie EOMRRL isUpplied to the

descri bes an antireflective coating conposition which
subgigpie PRy o woRENg pYity ke Rhteresist andapoAwttp cexposure.  The

phofdiE Q508 é)%seéﬁmn%g {vls@déwd’sg@@éib %cf‘ltn is%rhﬂﬁkecﬁve coating in

anti-ref trve c materi
the | éxposgdaprea iF hthenm@radal typicalhe il tgaaedsusgl‘plﬁmh regide she

ehoFSGio Rt BRIRBTEr& 18 G5 k. " Jhpy i TaRLEN The

antlaﬂltebf\fé flmtdhtbaldcb@trelaﬂvasaﬂmﬂﬁ cOmMpaAsHH itS ithe pRotoresist so
whi ch_does 5 not contain an aromatic

thaféﬁ? @Hﬁfﬁﬁ'spave Hkn fecetgh @%M@hﬁ%@xceéﬁwedﬁs ghiiel Bhojoresist film
durlﬁ QRé | didr igh8cAQE NntirdHeLlide %B&tlﬁ% aC| 6:‘53%%% tﬁe correct

ructural unit derived from I‘IaCI

: absqrp&ﬁnﬁnd tefragtive tisdex i dag ovavierenotie of @@oaur@r toaachleve the

desﬁé&f,ﬂ%gmypﬁ][g%eﬂ@g a structural unit derived froma

atrio!, atrithiol, adlepoxy
cont. i eno ont a| un
COM B BLABFP PR Rubl SR 5P e BPRRS e
expbsurehiess, thhh QOdlrmmosuch antiflocting cenipgs nded @6 htaf/da ﬂ@ﬂ)@tch
cont ai ni n ou ont ai_ns one or nore nitro
rateﬁn%'?‘g#’ 'ﬂ?“ é’ﬁﬁo%’i‘ aiNRsCFRetJeTRBlE i) Ité?n%Ct as
antigéfledige cddtings.

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



The pol yner can conprise a repetitive unit of

structure (1) or (2) OIl O/fRi)k ~-[ 00 O
WO?QIQ@"fYZ)(l()NQz §t)60 11 (1) wher e eachPQFTBRORAYS4SS

Y1l i ndependently are a non-aromatic |inking noiety;

each 20 of Z and Z1 independently are the structural

unit derived froma diol, a dithiol, atriol, a

trithiol, a diepoxy containing conpound, or a triepoxy
materials hane mifrachbigh aictdratembecafseRif the thaBiiforienofethe npadiyméryand

the Qisrek el FElt e RgPbbiT tiecdd e BFVRE ana R20

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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i ndependently are Rl or the structural unit derived
froma d|th| ol, atrithiol, a diepoxy containi

WREHBOME or a triepoxy cont ai ni ng conpound; %%"3928?9/005458
01, 02, 031 and 04 are independently a direct bond or
an unsubstituted or substituted Cl.4 al kyl ene; each of
h and hl independently are O or 1; and each of 5 k or
k1 i ndependently are 0 or 1. The present
indepaudentiyoare Hiadisther slrugtecel tunitadgidlegniiomuai dithiddo estritiel, a

dmp@??ucb{&r@ﬁgun?@e?i \B/Eéq?g@w 8%& 'éqﬂié ég&gr ?B%’l %E}ChaOf Q1

Q2, dQ@anhgrit ik ae independerdlypandiregt behdaaciah ansabstituted or

reof an [uctura nit derived from
subgfitied| G 4+ ARVERE oAt Shtt angf h' FdeHeRre bRy Sug G os oy oah of
kormnﬁ@ég@;ﬂa@ngﬁg@g@m_ a triepoxy containing conmpound,
or m Xture thereof, where the diol, dithiol, triol,

trithiol, the diepoxy containing conmpound, or triepoxy

Coﬁ‘jwé rﬂ?é%t Bﬂqs Gf¥aL r%ia{féd f8 dolyriBY ﬁhi&htdq%%‘?fbt contain

and onms Of cont al ns nore a
an gromais. chr5mophore Foraprisieg enstrucive tunitndetivsol ﬁr@rham ehadmb a

a, coa suhstr aeco strate.
wiacc ARl PaRIRob OBl RRtRSYLR TP e dhfreghand a
stru¢toeal amit detfvicaatand @ giortl dithislOaRAS! &itahicl] & elepdRY containing
herein, where the antireflective coating | ayer has an

COmPRYBH e itHAPPHEF BRRIRIBING FIMPRLRth O Agaedhemahwhete headol,
dithiéf %?Wri@ﬁ@ﬁ%@%@ﬁoé@%oﬁﬁlmﬁ ocgtgdotdp ’ofror%{agif%%ﬂfammg

|nven|onaso rel at to a
comipedid cootains ehe gy nagreaftﬂmgaﬁgarad{dr bdmrrgjomswmtaam%one or

i e reflective coating conposition disclosed
moréﬂé’ﬂtr'Iglllén'{;]e %s% }:%atl ng and baking a photoresist filmon

top of the antireflective coatlng c) imagew se

eXE%SI ﬂ'%&tﬁgﬁf 12% 'é)f;eaii‘ﬂ r%'ﬁ S| de\églg tﬁa LﬁJgtrggza %ompnsmg a
sub§t‘#&§t ha DRgaftﬁ&%ohhﬁneéﬁﬂ@ﬂ@Qn@ eoatiffRl [lyePEEREETHOM the

ilTustrates the

antliﬁﬂieﬁtwqm aing apemaPYtien dtﬂlgta@ssgcﬂ dverwnu hwheke ftlag | Wirefiective
couffly ARG s, g SR RRACHENN B i o BRORC S s
when measured at 193 nm. In addition, the present invention also relaies to a
process for forming an image comprising, a) coating and baking a substrate with
the antireflective coating composition disclosed herein; 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.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates the principle of anomalous dispersion with the following
meanings:
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ha: half neasure 5 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The invention describes an
WO NPT ect i ve coati ng conposition which cont B HEB2409/005458
novel polynmer wi thout an aromatic chronophore, which
finds 10 applications in anti-reflective coating
materials in high NA |ithography. The material s have
ultra high etch rates because of the backbone of the
Ca: ﬁ@“?'ﬁbé?oréﬂé“@rhe absence of aromatic chronophore
a y. The antirefiective coating
EX}\'?)E%%OSI mﬁl ? %@08) pol ymer whi ch does 15 not
ab: atsguirglion laamdar OITB.tI ¢ chronophore, an acid generator,
ptionally a crosslinking agent, where the pol yner
ha *&"gﬁﬁ\e?‘%@ a structural unit derived froma diacid, a
triacid, a dianhydride or its corresponding tetraacid
or a mxture thereof and a structural unit derived
DETAIRDLEPORIPEQN Off BHE INVENTOON a trithiol, a di epoxy
cont ai ni ng conmpound, a triepoxy containing conpound,
or m xture thereof, where 20 the diol, dithiol, triol,
t r Théai mivenlidne @bwpbég amnéralréﬂétﬁlvéoﬁbamgi,cdbﬂipdslitlcﬁlDWch

contai nin ound cont al ns one or nore nj t rog
contgily & nay, wehsw'&m&oﬁ'e aPrNgite GromepRorg, kvh@hefmds
appliaBiLRs - mTBﬁthﬁ?@ﬂébﬁ% g@mungomaftérﬁa@s an' RRAL NA Yaﬁng?éﬁhwahe

structure

matenigls ha[/e 1z\|gmgt<ph @gs begaysp1oiNe backbomre of he polymer and
the £99chR& QP A3IABES. éﬂr@ggo]p%%% Q&aﬁ\%ﬁsto the polymer.

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)

R )k
ll Q3——”~ -
—O Q4
\v/ (1)

B/O i Qz———”—o—z—]——
2 QO
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0 0\ OR141(2) 020-z-0 0 ft/200QL-)hl where each of Y
and Y1 i ndependently are a non-aronmatic |inki
W%qlglt”?/‘ eacﬁ of Z axd Z1 independently are th]t)scgmmo‘”"005458
structural unit derived froma diol, a dithiol, a 5
triol, a trithiol, a diepoxy contai ni ng conpound, or a
tri epoxy containing conpound; each of R, and R10
i ndependently are hydrogen or the structural unit
deriged froma no pP@y cont ai ni ng conpound; each of
R?O_lh__ R20 inde ]elern’tly are 191 or the structural

un| t derN%eI'(from a dithiol oa trithiol, dl/ap(%y @)
cont ai alrr)ﬁ Zad ggxy co/no
Stippund; each of @, 10 02 0 Qq:r 04 are

éihdecpendently a di 'ect bond orQ hs(%)su_t_wl_%d_g{
substituted Cl14 al kyl ene; /e h of h and hl

i ndependently are 0 or 1Rzoar@ each of k or R1

i ndependently are 0 or 1. The present invention is

also related to a polynmer which does not contain 15 an
whegs esslt iof Ycand Ydpihdegercemtlyisse rgnen-atarnatialisking! pdiety; each

of 21 8 msnengondt At e Alpiot 3 gPeved Eplon difis githlo.

triol Sta Ugthisial a Udlépoﬂﬂfdo‘ﬁ%imﬁboﬁb@pﬁhﬁdi @ di iMdgdxy Bontaining
triol, a trithiol di epoxy contai hi ng conmpound, a

compppagBaFhceftafhg Fgo insiependentyorreriyerogan ohtheesfuctural unit
deriVET fohh & %Bll\oeﬁiﬁh'c%htatl |ﬁgobomb5brtl{il Uacht By E{' CBR&Y Ry

cont ai ni ng conpau ai ni'ng
indeoenﬁmth,date)rﬁhadmmeoahfumuramxm demveongénnaaddmlolslﬂ frithiol, a

ne or..nore al oups.,.
cierfid o8 fif SRl fr & wEPhE Bpdéinias gSiupaRay each of a1,
Q2, sQBstarmf €4 crpr Irﬁileﬁgn@erlﬁlyb&t U?b@t Imgngnar ta?ﬁfuﬁh@ﬂb@muted or
t e
subsé}lr’gttjte{ie&l 4egl {néﬁe Cé)a%hl cg]f% arzi1 (ﬁq inc?erprgre\dentrly? g;e 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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25antiref|ective coating conposition disclosed herein,
wher e the antireflective coating layer has an

W%B@W%l on paraneter (k) in the range of O. 0 LRCUIR00A005458

when neasured at 193 nm In addition, the present

invention also relates to a process for form ng an

i mge conprising, a) coating and baking a substrate

with the antireflective coating conposition disclosed
proaess derforminecaaimage eempisikg g cogtingtanddsaking aisubsiwaie with

the Eﬂf?reﬂgct \}ée frl)w f@@%ﬁt@%\ﬁed%?'%é g\esﬂ?\hgmﬁae‘tm%%d Pﬁklng a

photdnmlsﬂmitro bestbptof thg amutefmai/é y:oah@ésl QGMd@)@V\}iséS éb[?dslf 1w €he
e mers ysefu

phofies ﬁréiggﬁfxfos' i B &?@m%ﬂowﬁea blignaly. baking the

substr@e ydr thiﬁeipﬁ)smgstépZ 3, 4- but anet etracarboxylic acid
di anhydride, 1,2,73,4- pentanetetracarboxylic acid

dlanhydrlde 1, 2, 4, 5 cycl ohexanet et racar boxylic acid

L0dhaniihes o7 Y SL RO AR EhIPRATREY) Hacting
diantiydxide ol(mgenet Eﬁcéabailabebeyﬂaicaﬂxdxglmb aahlyidrdldmﬁirﬂe,ﬂr, $;2,3,4-
eI BB ATAORL PR el o

dianbgdfide, 1, 2 314—%@ab§émtaﬁ@t@haéaﬂbbﬁyiw seieli anssdride, 1,2,3.4-
bicyéfog 5-tricarboxycycl opentyl acetic acid 15di anhydri de

exenstelacaBRlis: bor nylafdti ¢ acidRMVaRE9dri de, 2345
tetrﬂigﬁycg%‘%tﬁ%%% cycle(r)]FZ%ZI%ZEOSt ;ﬁ%égﬁg{r@@yl ' 1.2,3.4-
cyclpbyienetetiasripioxylai ddiagishy dr di#nhgdide.5- di 208, 6tayalepdiee),5-
dlenei%etrﬁ'étaméxyﬁc acid dianhydride, 2,3,5-tricarboxycyclopentylacetic acid
dianhydride, 3,5,6-tricarboxynorbornylacetic acid dianhydride, bicyclo[2.2.2]oct-7-
ene-2,3,5,6-tetracarboxylic 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,
biCXCIOL2.2.1Theptanetetracarboxy|ic
WO 2B anhydri de,
bi cycl o[ 2. 2. 21 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, diallyi tartrate,

tri(é(z- ey dr oesyet hyl )Ocyanuric agid, 1, 6 o
dit '

e-2/di ol ~, 2\but ene- ¥ 4-diol \2, 3-
- byt ene- 1, 4- di0l i, 3\ _propanedi
exanedi ol , 2, 2-e nethy{l-1 @-propa@edim 0]
| et iyl ene glycol, trjpgthyl eng glycol, and e,
O et@ inQ@he presence gf tetraal | anmoni#im 25 chloaége
catalyst. As will also be appreciated,ckhese pol y S
Q can al so bgymade by reacting diacids or triacids g)vith

PCT/IB2009/005458

\di ol ditfiiols, trols, trithi®@ls, depoxy and
tT Qnpounds di aci do~and i ae{ ds
O_i ng 4Qbut ane i car boxyl i cpaci d, 8+ e
. ' Q O
c acid, ane dic agi d,
fumaric aci@y, nuco [ he i es
of the dianhydrides, diacids, tri&ids include®
OpOH 0.", Oﬂg oH 0 o 0
N\ % 0 //O
0] @] 0 IZO o )
N 0" N 0
O © 0 °© 4 o
0]
g 0 0] (@] o)

QO
N N
N 0 OH



ONO/NN O OH O 00 where R6 is linear or branched
al kyl ene chain of 2 to 20 carbon atons, which
W%%‘Hﬁ/gﬁ)"ﬁ An et her oxygen or ester groups, and ?9“%%2009/005458

hydrogen or nethyl. 5Exanples of R6 include - CH2CH2-

- CH2CH2- 0- CH2CH2- O [l

OYN\]/O OTNTO ]
Y

HO OH
| OH o)
o
N A

Q o)
\ /
S—R=—
0 6 o)
o}
O

Oiz

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

i i
—CH,CH,CH,C—OCH,CH;—0—CCH,CH,CH,—
O

Il I
——CHyCH,C—0—CH,CH,CH,CH;~O—CCH,CH;—

i i
—CH,C—0~—CH,CHsO—CCH;—



- CH2CH2CH2C- OCH2CH2- 0- CCH2CH2CH2 O 1111
- CH2CH2C- 0- CH2CH2CH201- 12- 0- CCH2CH2 00 1111

WO 9887 cH2 CH2- 0- CCHR2- Exanpl es of di epoxy a{T/1B2009/005458
tri epoxy conmpounds i ncl ude 00 O NO

Examples of diepoxy and triepoxy compounds include
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Exanpl es of diols, dithiols, triols, and trithiols

i ncl ude OH OH0 0 CH I oo R100
WO 2010/004377 PCT/IB2009/005458

o \7)\),\*)5\& c\)>/\/\/\/,\,)J\/,\l,\/\/\/\/Do

07 "NT o 0" N O

LA __0—(CHp)50" N




IN11\kRi oo OH 0 RI0O0O HOOHO O OHO OH 0O O OHO OH

O4 OO OH 00H 00H O
WO 2010/004377 PCT/IB2009/005458

OMohM OMO{\(O}/&
OMOh O}\/LOA OMon/ O_:\\/&

byt o
6 [>— O\_VO

Examples of diols, dithiols, triols, and trithiols include
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HON OH
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HO” N7 OH  HO” SN oH o o

N No N |
Hs)\N SH
OH OH
O OH
HOL_ Riog A
N NP HO 2, <
OH X OH / \R1oo
OH O
R100
Br
o O OH
o) o 0
OH O
O OH OH o oM
/\O OV \/\O O\/\ )\O O\(
OH O OH O oH O
o OoH o 0 | O CHy O
N vV ~ v
OWO 0 o) ~o o
OH OH OH OH OH
OH OH OH
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o I )(J)\ J/ HS. SH

(@] SH 0O SH SH
SH SH O oo \(
O SH O O o O CHy O
_ SH SH SH SH SH
HO/\/\/OH HO/\/\OH HO/\/OH
HS/\/\/SH HS/\/\SH HS/\/SH

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
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where R100 is hydrogen, alkyl, or alkenyl. 5The
carboxylic acid groups in the prepol yner then under&P
wQ ?‘H@/O%%%i ng reactions with propyl ene oxide t%CHPi?@ /005458

final product. Furthernore, a nolecule with nore than
one epoxy functional groups (e.g. ethylene glycol
di gl ycidyl ether. 1,4- butanediol diglycidyl ether or
tris(2,3-epoxypropyl) isocyanurate) can be

mor¢ tteor pog epexy tunctidnaligioupsse.g. ethyssé ighicabdiglypislyletbesrl,4-

mat.er i yester cap. 0 be forned.by r [,O f
outeBYEh Bohe'BhnEieR: 5" Hite iprsouniipl isobvalRgte)r dafs be
incobpokatel ta abtaihta selbo@sylinkabrRNsolyssteamadtarial.t Polyester can also

nmonoper. Exanples of Y and Y1 for structures slg .gnd
be f?r@yecrﬁg regdion 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

@ @ ONN\(O N

10 Examples of repeat units of structure (1) and {2) include
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O 10Exanpl es of repeat units of structure (1) and (2)

W(I) QO(:ll()/ld(94%77 o PCT/IB2009/005458

Q 0 ~° o Br
_—[-Oj,/f/u\o/xN/“\N/\/ r "—{—O\w/f)‘\o/\%\/]/
°5 o o] N/l\o O 5 o Br
o N__o

0 N 0]

T X

FaaV Jaae

The optional crosslinking agent can be an aminoplast. The aminoplast

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

5 such as, for example, Qlycoluril-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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000 WO 21110/004377PCT/1B211119/ 0115458 The
optional crosslinking agent can be an am nopl ast. The
W%Eﬁl%%@%t can be substituted by two or nore %‘FTJMOWQOS“SS

groups can be based on am noplasts 5 such as, for

exanpl e, glycoluril-al dehyde resins, nelam ne-al dehyde

resins, benzoguanam ne- al dehyde resins, and

ur ea- al dehyde resins.” Exanpl es of the al dehyde incl ude
tradémarka PEAMDIERLIbiKe frahd ddyiee , Industried rfe gonBOWBERLENIK , 1174).

omb! B B BBy By R RSBk, anc
metylpigHyietr@metteosgrutieylighydotiril.a( al koxymet hyl ) gl ycol uri | .

Exanpl es 10of tetra(a)koxynethyl)glycoluril, may
include, e.g., tetra(nethoxymnethyl)glycoluril,

t ebirdr sy Bt e) Arinel iél@/i vailable from Cytec Industries under
gl ydol , i

uril, tetra(

|, tetra(n-propoxynet hyl ,
the ﬁﬁdp@ﬁ%&\ﬁ\ﬂfﬁ@%ﬁbm onsanipaChemitab Soratieer fhe jiedermark
i e - 0 yle) L urid . ‘
RESMENE nebRs it PGS hEF Athes nderraidgn san e be
employed, for example, aldehyde condensates of triazines, diazines, diazoles,
guanidines, guanimines and alkyl- and aryl-substituted derivatives of such

compounds, including alkyl- and aryl-substituted melamines. Some examples of

such compounds are N,N'-dimethyl urea, benzourea, dicyandiamide,

formaguanamine, acetoguanamine, ammeline, 2-chloro-4,6-diamino-1,3,5-

triazine; 6-methyl-2,4-diamino,1,3,5-traizine, 3,5-diaminotriazole,
triaminopyrimidine,2-mercapto-4,6-diamino-pyrimidine, 3,4,6-tris(ethylamino)-
1,3,5-triazine, tris(alkoxycarbonylamino)triazine, N,N,N,N'-

tetramethoxymethylurea and the like.

Other possible aminoplasts include compounds having the following
structures:
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trademar k POADERLI NK from Cytec I ndustries (e.g.,
POADERLI NK 1174). O her exanples include
W%‘FH’W“B? opyl t et ramet hoxynet hyl gl ycol uril, antCT/1B2009/005458
met hyl phenyl t et r amet hoxynet hyl gl ycoluril. 5O her
am nopl asts are commercially available from Cytec
I ndustries under the trademark CYMEL and from Monsant o
Chemi cal Co. under the trademark RESI MENE.
Condensati on product s of other am nes and a@ des can

(cHhER, e CTRLOYSonfGEpgxampl e al defiyge, condensatien, ot

azol es, guani 8 hesN“gu es 3
and al kT d aryI substituted derivatives off such 10
conmpound Iudlng al kyl - and aryl - substi ed
mel am nes exan‘pl es of such conmpounds dre
N, N - di met N 2 benzourea, dicyandiamd

for rraguanam ne, acet oguanam ne, amm el ine,
2-chl oro-4, 6-diam no-1, 3,5- triazine;

cHeeorLN - N4 NHUH}@;C‘HS 5-trai zi ngy @Cﬁ d/lu\m C‘S‘Ii?tdd:H

azol e,

triam noyri N di ne, 2- mer capt o- 4, 6-di am no\\&;lgJ m di ne, 3
,4,6-tris(gthylam no)- 151, 3,5-triazine, triro7al

koxycar bonyliam bpm).triazi ne, NN, N, N -

tetranet hoxyme?? rea and the |ike. O her

possi bl e am nopl asts i ncl udeocorrpounds haV| ng the

foll ow ng struct ureéljﬁgﬁllﬁw , , N(CHZOCHS) 2C

H30 CH2' NN C 1120 C

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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0 CH3OCH2ZHNNNHCH2OCH3CH3001- 12, i CH20CH3 N N NHC H20 C

H3 0 CH3 OC H2' H20C H3 N N i ncl udi ng their anal o&s and
WQEIPYESTVes, such as those found in Japanese TGQI/F2009/005458

Open Patent Application (Kokai) No. 1-293339 to Tosoh,

as well as etherified 5 am no resins, for exanple

nmet hyl ated or butyl ated nel am ne resins

( Nmet hoxynet hyl - or N but oxynet hyl - nel am ne
antireisgiivetdoatihg Jay@r isrhedigddoed shificidnatedjtig b/ tirmk o ickassliflo the

| be_ found i dian Patent No. 1.204
coatfkf B, St and Jeemel pedienetHlp oS HHLAE, ST h oid
triflic! @R, e dTsiofs bRt ERIFehial hoid aviaidbalze Rited,h6uch as 2-

. Nicalacs (Sanwa Chem cal Co.), Plastopal 10 (BASF AG,
nitropengd pfasytate.( @ 4findrebanaiphytosyalge rfrdinitrobenzyl Tipsylate, g4-

_ < . L . et ]
i BBREI e BB Bt ST pIARRY AR RS el
chlorphenaenesulionatss Petillvaromptied tenitrohamzyd dditrabenrewmsuifooate;

C, enper at n.,acid.  Th id, in i nat.ion .
phety spid e &E3. Biekar rorbls PERI RS SATREO M, aty
amnadriiumefshits t olv @rgadt i agidsaeich ahs etriciigadminopinesdlt of 10-

becones .insp|luble ip the solvents used for coating
CamBﬁBF@ﬁ@%@éF’sEQHdh?ﬂk?hernDre, is also insoluble in

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

Preferably, the thermal acid generator is activated at

ogocheumal anit gepgratass sk prejerred over fremacids salthougbfraepacids

mayP4165 BbaRY, /A thBRREI Af5tiediVe 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 coatin
WYy of acids and thermal acid generators PGV

butane sulfonic acid, triflic acid, nanofl uorobutane

sul fonic acid, nitrobenzyl tosylates, such as 2-

ni trobenzyl tosylate, 2,4-dinitrobenzyl tosylate,

2,6-dinitrobenzyl tosylate, 4- 5 nitrobenzyl

t oExaades dlesnieends forftbe abatingsearhpasition include alcohols, esters,

gly H)elrt%% o;@g&é u%%gﬁsatn 'gel%éib%t'@' es%érs, ketones, lactones, cyclic
ketoﬁe$ rafd weixiored theledt: EHxampRenay buch Bblvelts include, but are not
. nzenesul f on te; henoljc sul fonate esters such as

"m“%tﬁéwfopu'eﬁet Ve pRribd e PisRMERe gvRg) mgthvb Rihghacetate,
cyck?&lﬁaﬁoﬁé @hﬁﬁfﬁrﬁ)néceﬁﬁb S%Mya;ﬁoblbhsfehp@mw $EAghéthyl

- canphor sul foni ¢ aci d, ~and
e’fherrﬁéei@m %tbvldlag@ter@ar@mg valerolactsing; mathy\@methaepspierate,
e [
and gAr%%tﬂ St 1 8¢ ‘?v_'éﬁ%c??r%’%s tgg)'gt&ép &egéﬁqm‘%n %%ols;g?tb(ﬁ\efﬁ{rﬁg{) out
40 tovalbouti 9@ welghe ipeldent.t lbickithin mktetrbes,aﬂte meltitient ofv actone

solvgfts: e Siertl, i, Hefuba i EPatlieriaicR ooy antefoqRe: Rafting

comp@$|ﬂor15vlﬁ¢\n@ée’ii P [Byaied SRtemSCW NG BEEsMREThé Mctone solvent
antireflective filmis heated on the substrat e.

compgiggs ABadl 1o about tds fthensalvent swstem. avrdalerdactgpe ds a

usef(B¥clfedsfdnt Al t hough thermal acid generators are
pre?erred for crosslinking the polymer efficiently, an
anti-reflective coating conmposition conprising the

ol A 6 R eoDRA o fRbrotRln Pelhenfio "G AR

abouwtc il 00 amaght/\/l% houabdutni tvadigietn rekalivd go aiedsolics pehioAsof the
cids .such as tol uene

comBsligh EhScAouRt o INeLCoERINKaY iRl [ sesiroaeRsion, vhen
usedRh6/drf fronl b Svdighieds t6 %EBQﬁSé whma)g rénaf.\t/én&f méomua'ﬂbrﬁ’on

phot oacl d generator, exanpl es” of ch w t hout

of thej GANBRASTIEAN. T&teeamﬁunwfﬁaetael geneerWauretr@bwp@anU@omposmon

can K}hbf REREN wé éﬁtes 210 éﬁdLﬁZI'On\'ﬁél;%th’ elemfe R)rfﬁ{ Sddlii%ortion of
phot oaci d gen ors are oniu and Ssulfonats

the exnpositiaf. hydoxy| m des, specifical I y di phenyl i odni um
salts, triphenyl sul f oni um sal ts, dialkyl iodonium
salts, triakylsulfoniumsalts, and m xtures thereof.

Oni?h@ rpréBest ebApdsitionkédy dpﬁbﬂbwstcam@e bgddiseshl ﬁhalé”ﬂ%ds
oSiti Exanpl es of solvents for the

typ'Q?H)ﬂt Oﬂgdc%ﬁ@&rqﬂe@m fortine caropeRiiians syclras, fryarample,
mon%h"fe@lbsd 3, M&\ﬁer SFcBﬁB% SEHI&ON \/%H?? alg% a%lhegﬁhoﬂ%&oters
actones cyclic ketohes, an es thereo
antifprenng cagests,s with pudvidact sthahdheldperf@mam:ee isronot] inepatkly
mpéc? propyl ene glycol nethyl ether, propylene glycol
??1 et her acetate, 5 cycl ohexanone, 2- hept anone,
ethyl 3- et hoxy- propionate propylene gl ycol nethyl

et Eer et at e, % I act g %@;ol act one,
me en%‘?rﬂBQ?B‘P 47 &R O'?M PR Tlhﬁr siade @gd. istivether
subjéétlebi%blry étdlﬁfﬁj Gias 'ehv@fo%%@"iﬁat‘ tﬂe%nﬁi&i{ﬁh |§fof EdifiBlently low
about 40 to about 99 wei ght percent. In certain
metalien kyvekand pratysihat theopropertieacf dhe semicosdtistor slevisefane not

okl SRRSO b LSBu n PRIBLY LSBT o

When present, the | actone solvent conprises about 1 to
about 10% of the solvent system y-valerolactone is a
useful |actone solvent. Thg anmount of the polyner in
the present conposition can vary from

009/005458
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15 about 100 weight %to about 1 weight %elative to
the solid portion of the conposition. The anount of

WQ OR85! i nker in the present comnposition, WHEHTR74E05458
can vary from O weight %to about 50 weight %relative
to the solid portion of the conposition. The anount of
the acid generator in the present conposition can vary
fromO.1 weight %to about 10 weight %relative to the

compositidngp arantainingf sach t palymerspotbiraughn.an ion exthenge esadumn,

, it [ ] ' dit,| I .
s GERSRA BB EALGRRSAPBRELY ORI ! b Bpsenigion o
metgldopoand toresiuss Partases.f or exanpl e, nononeric dyes,

| ower al cohols, surface | eveling agents, adhesion
pronoters, 25 antifoam ng agents, etc, provided that

t hehpeJieanBnsBcichisicd of‘%%ﬂ‘hhférf%'ﬂ?ﬂi\/ép tRR arel HSENZBE for

conposition is coated on to _the substrate and iIs
the eyposise wanslengtbndothey desuid dighodraphie ahavacieristies. As an

cxalr i 16 SPEQTRRR, b, RS SRR bghph 7' o o
expssure camghscirom abevi 09 1apabioot 1 Adpesteably fadrheabioati0. 1 to about

0.3 Fapises B BENEaTai the Wln op b eirehve g il hoes

from BBo@xcHBRgabeal 21N prdibtdolptrb@Nabcitd . 213 BB6(t 20. Due to the
processes can be used to reduce the concentration of

goofreplFOrPERR iacisrislictucd i tqoamrasitiopTied &P em) very thin
i e I :

eriNBERE At 1 Gk BE o AHRRL V8 G0 L fartcutany

advariageeus whehagingpainonatoamatict ghdterssiss, suth amthosargehsitive at

t ption [ er.(k) of the nqvel. osition
1o3,3f, B HSuBE WaBleRguts b i ooty e AERS Bl *anc
must 20t aparkeatraibyk forane abatefebiive film. about 0. 35 as

nmeasured using ellipsonetry. The val ue of the

refractive index (n) ranges 10 from about 1.25 to

abort 2.0 Preferabl_y fromabout 1.7 to about 2.0. Due

to F‘ﬁé'@@t{é esn6¥ prhish the Andikafiectivq reatings arg formed can be

anyCGMPRSS tty@eauﬁx %‘é&ﬁ ifthe \s%wc&tmgﬁ%aﬁﬁw. ﬁ&i{a%fe isub&tPates
of the order "of about 40 nm may be -used.” This Is
inclyde, twithglud imjtatidn asiticare siliconraubstratencpated ovity a maetat surface,

.8 it .
coBREb ST s 341t BRebSCREPEFMR Sl Bl Bbnve boffho
alurhimum, @ot/ndafusdsirag silizsn alioxide; metalkk dbped sitieon dioxide, silicon

__gntiref ectiv? film , . ) :
nitride, tantalum, polysilicon, ceramics, aluminum/copper mixtures; gallium
arsenide and other such Group 11I/V compounds. The substrate may comprise
any number of layers made from the materials described above.

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

26



10

15

20

25

30

The substrates over which the antireflective coati ngs
e forned can be any of those typically used in
W%%‘W@W%ct or industry. Suitable substrates |]F1‘&T/{ﬁf809/005458

without Iimtation, silicon, silicon substrate coated

with a netal surface, 20 copper coated silicon wafer,

copper, substrate coated with antireflective coating,

al um num polyneric resins, silicon dioxide, netals,
interduxiag b@tWé@mhedaruxiaﬂlectl\Ei toatinig arid thedehotoresishl g preferred

olysilicon Y u L ur S; .
ranggoon R ek Dk RO B oV CB APl BaE e 1 Ikine Eansrature is
beloWhg0 S b= .as@fﬂaam RS isBReANYr m@mﬁerenoardo@me b8 cmslmkmg

fromthe materials descri bed above. 25 The_coatin

takeg JpeR| @Rt dAMPBEtEESt AP Yen 30PE S SoMRasitien w@ygbecome
cheﬁ\%@tw 'uﬁ 1M £l BOMbtb Rl &5 fhetdddi&f oh Top 'B?tr@ ﬁtjppermost

such I ppi ng, spincoating or sprayi ng.
antnﬁﬂe@tme@mtmg ansebakad ta efihsiantially remaverige mhotpresist splvent.

An SR Bt bR MG AR b o i€ Cac. 0855 R G i€ b8Ees
of thersulistraatising proziebssts welh knewnvettenart.r esi dual sol vent

and induce crosslinking if desired, and insolubilizing
the anti-reflective coatings to prevent interm xing

beTM@@naFé‘%@ﬁzﬁeé of | 6¥dr§§speéﬁmb69ihaﬁ§' héative-working and
hot or esi st rre ran%e of tenperature is

po&? iveriosgBa: Weo megaéw@urvorzm@h prepisé opmm@rt@ﬂa rege jexposed
imagﬁ- $0Gabifd®8n! BrihE éEJ %?tth{e %Els?fcofrﬁLo\éﬁﬂwl 8§<posed i the

sutficient anbunt Cross
radiatiort éwepenw lrrsss salblblee t@(ﬁ)(d&we&)ptemnqimsmdn de.grey cbewmnkmg
st abl e, hot resist is.t
reactigfiy L) Whie S5 Retontsil pisdle e bRO GRS TAgain
relawmly Bakedk to ssuh<d ablutish! Yhus n@@@tn{dm dPher ekesdert negative-
| vent. An ed% bead renover may be applied after the

WO”E‘B%F ?ﬁ@t Wit gdqvglopes saUs PR r%@‘@é Oéﬁhq ReN-exBesghateas of the
photbPédiét ﬁ&ﬁﬁ%thﬁréamw al fbdafie %Ege 19 the ESatﬁ{ge ﬂ‘ié’i@by

types of otoresi st conpositions, ative-work
uncg\rﬂilr}go@udesvr@dvmwrh@f tlvmemdﬁdyagusx@smwsw@ace on whlch the

phof?)'?dél&rc% n&'ﬁltﬁ%%béw{l&q&lre exposed i mage-wi se to

at1 o e area the resi st conposition exposed
to the radiation becone |ess soluble to a devel oper

5 e oo SUEY b bR a P HeSEF oS are
exposed image-wise o radiation, those areas of the photoresist composition
exposed to the radiation become more soluble to the developer solution (e.g. a
rearrangement reaction occurs) while those areas not exposed remain relatively
insoluble to the developer solution. Thus, treatment of an exposed positive-
working photoresist with the developer causes removal of the exposed areas of
the coating and the creation of a positive image in the photoresist coating. Again,
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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15 relatively soluble to such a solution. Thus,
treat nent of an exposed negative-working resist wt

WQI%V@’IO%%? causes renoval of the non-exposed £%H§B28?9/005458

t he photoresist coating and the creation of a negative

i mage in the coating, thereby uncovering a desired

portion of the underlying substrate surface on which

t he photoresist conposition was deposited. 20 On

the ot her hand, when positive- morking photoresist

¢ PBRB R eroTHE SRbrerubpR AR s TeohoB Sk, wcn
are wwcan@dd@ﬁé @my begDen iMhRrsieh URhSgraphy ke el Q@Futlon for
sol ution g - a rearrangenent reaction occurs) whi

nodesgawn 49 drode,gseiseayongniith aksogptivpeynderiagers at 193 nm,

low SB’AI*{'@E Qré ddrjéestﬂ%l@ fBPS rﬁ%n‘% Hfrate! Pt ctifif yeﬁfrﬁ?%ﬁ‘based
an expose pOSI lve- MD |ng p ot oresi st he

on snmuhdtloper Onaihreesthee handg,| thef BARE filvposeds 40 deasthit enbegh to

d th [ f i o
nav PRS0 R sCiBEu NGB bl fthal €iadieb Syl T ChBerePhy. The
low €ling @lfiithkiiess n@qufré@ dighsn vakevier SARCK) Nedainveationidestibes an
hot oresi st and positive rkin hot or e

. t .
antiedReiHE CPaHg Raséion whichaFeNREIS 2k RY IPS‘EJY‘?"ﬁE)s"é"‘h nhon-

arorﬁ&t‘ié SRS TheldR i8dss absorbing At 999 niM hantha &%h{/ében%U glo3
at1ve photoresists nentioned above, whi are

nm Calely- abmyldw its 1(%!Vﬁhv¢3m"éh%|I0VﬁﬂtiOﬂhtﬁé<ﬁ§pWan§a% of
anof k18G5 ORI AL 30alh SRafiedhi (SReng, hon)

by d'jklt’:licB)&B(?:homeeofrtbe elye UT heatljye withrabspthameenrsasisarlaver than the

fl l,.b ti t he ..
eXpGTHE PORRIHAT I SOBARS T B oBgLoYS MR Th Al EnBis bl a
n vARe tKiRSis @Bofé CiheS fhlBE! prdidted Offorethe TaRldhyf eatslagsn is
inthin filmlithography, The |low filmthickness

consiggiack bighhi Whick 9aver§ pafireBAREsST the g bparheRes opand in high

wav@%?xtfﬁﬁ BfSa 2NN é%fub&&laté{ g MR ¥He°ﬂnég‘M‘hQBw k
contal ns a nove pol yner th n aronmat i c YEes.

matgtial aIy@JldsndeeBxs raatygoaba;qr'tlm ma@mm)mansmcrmahaif the actinic

waGRRETE JBE sdite ATBR o dunthe L gk Ry hetant of the

absaipuior| ke dlh SIW@II'@I”@ﬂ vefvbsrigth Bizler oft the aﬂm}ﬁtﬂm band (Flg 1)

di
The{FRSolgion eIy gmw rAvIas ey dokiienda WS sba e diavipacth
direS¥iP §H k& a@ba‘-ipl%ﬁ %x19§$ ) fotbes Bxposfte MavRIdHRY R 1D )fzﬂ?fnto a

n val ue. Theore |ca a 15 n value that is above the
typlw high pr faw & eagion mﬂiqa’q@d daufdgy 1. c bhe @nmplitede ok the refractive
f
SRR Bl USR8 D8 BNy 1 S oo
by thed;inrmgtﬂ wf absmbgndg/bassd oseal Kraﬂnerquginlm rélatiork In principle,
eri al shou d.i deall ve absor Xi ma,
nealjcat faarSmat o § e, ca) B oraietd B8 BRELARunEIde has
extr@még} gﬂ@hg dbaatbdrizeaorkabbniify abt thefaridiealdls akpersidn @itea.
ban

on the higher wavel ength side of the absorption
Thep Ao Kp.r@qw@ﬂemh@ algorsganie RAKGrelimifaxthfo@miiydeo Rt n
[
enhbABmBAC ahY gdr?]jé:ftshncﬁ fNEnghol Ak NN %iqgo@ggeg%i deeldBment.
We ravel stiogehsially indogppdratedt dyes withiabsbritioghmaxinenbgtween 160-
region indicated in Fig. 1. The anplitude of the
refractive index fluctuati-on is not only determ ned by
the position of Amax but also influenced 25 by the
strength of absorbance based on a Kraners-Kronic
relation. In principle, neggly any increnment of n
val ue can be achieved as |long as the dye has extrenely
strong absorbance corresponding to the anomal ous
di spersion area. The |l ow k requi renent of the organic
BARG limts the anplitude of n enhancenment and adds
chal I enges in dye selection and materi al devel opnent.
30 ve have successfully |ncorporated dyes with
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190 nm preferably between 170-190 nm such as cyanuric
acid into the polyner structure. It should be
WORHPPHED 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
spectrum of a dye in coating may shift due to changes
190 o, prefeiabdy baiveephl&0-390 nemstchoasreyanwiscacid dniedhe eatymer
strucglgr%i tives and possible chem cal reactions. A dye
aves ideally in solution nmay riot be right for
Ianti Ir(efl ective coating. The invention has studied nany
ow k 10 BARG materials w th varjous carefull . .
sef e‘i@@é‘gﬂ e nefligned cthat r%?g'f’%,r IcgSe Upd 4B n{hgé afirefigctive
coatifBr i - nob tAE A&RSS a8fthkNibsofstioANbropBME B | RFarfie Beipuedd in its
coating a substrate with a coating conposition .
pureciermrorsinnigs lauig| sphione T herabserriinsnspeqiiam of gndygin coating
may 55t b9 S Bk A s sRep oo ROgeAtas Uhvent,
additvdd ard possiblenprenditairreaétmnss Afdyiediehaves ddegtlly ivBolutiog may

o[ ve the coatin ol vent ,. and. crpssl_in

rot b8 §aRiror ramgefeeBie yFbafi PO infiditoR, e chified dRamyow &
BAHQ en&eaalsN@ith Svdijuss 6hiehllly dleéted @@al iang thel strictoresf are

a photoresist or in a aqueous al kali ne devel oper. An
presgnips indaig Wkover may be applied to clean the 20 edges

of the substrate using processes well known in the

art. The heating ranges in tenperature from about 70C

t oAgrouesL 50 e lifstarteinventissr eernpésess coating,a 7dstrate 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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grevent |ntern1X|ng and is enV|S|oned as
is a

then insufficient [oss of solvent or insufficient
mount of crosslinking may take place, and at
““?@HB@WQFLreS above 250C, the pol yner may bec ohEl/1B2009/005458
chemcally unstable. A filmof a photoresist
conposition is then coated on top of the anti- 25
reflective coating and baked to substantially renove
t he photoresist solvent. The photoresist is inage-w se

film, eﬂﬂnﬁmdrm\mjnidg\mw@@disit acting agleEoekhdeask.oyaiousogases are

d h '
monsh i 1t il et BERIE ardaRic aoENeRBE EBtipep oplgrp s Be ek, F
and @Ggﬁlﬂ@lﬁ%ﬁeséfﬁig@ﬁérﬁﬂ y RAGOS HE & blfﬁZQr progesss of coating
an

i mgi ng photoresists is well known to those
skilled in the art and is optimzed for 30 the

SP&R'| ﬁfe?m%biﬁ?e Rfyef éy?tbeuﬁlgged Uéﬁm]?@érf tgt?éc ﬁﬁﬁre‘fl@@ﬁﬁé é‘bé’(mg

can dry "etched in suitab chanber

and rtreerphetotrmgetxormg@@htpotarmmg agfnd iseerpiigionedo A dying \Wéthm the

s, L R SATTHBHISRIORSEER, 3 360 RS, T

solveritg aiefe exdrples lobttie pelymeabiegslysidionbs and@EdlyiGidss. F2

and CF4. This process 1s generally known as a bil ayer
process. 5An internediate | ayer may be pl aced between

t hy addilidreTd @GRy %9@&% Jordehrhpie, 8 hbpsesjstdm & process

within
hoomdgipeedMittn $he @@@neuqfntheﬂnéentlﬂlbrlﬂeajut e BIRSeSH dor

exargpleit, %E rc}rg%zﬂ% Yil'is ﬁﬁﬁfé %ﬁbsc‘t&ltg e%ﬁ anWéﬁé@t aﬁ?‘ﬁﬁﬂ%%rmed

are po ysu ones an

on the organic film, and a photoresist film is formed on the antlreflectlon film. The
organic film can also act as an antireflection film. The organic film is formed on a
substrate as a lower resist film by spin coating method etc. The organic film may
or may not then crosslinked with heat or acid after application by spin coating
method etc. On the organic film is formed the antireflection film, for example that
which is disélosed herein, as an intermediate resist film. After applying the
antireflection film composition to the organic film by spin-coating etc., an organic
solvent is evaporated, and baking is carried out in order to promote crosslinking
reaction to prevent the aniireflection film from intermixing with an overlying
photoresist film. After the antireflection film is formed, the photoresist film is
formed thereon as an upper resist film. Spin coating method can be used for
forming the photoresist film as with forming the antireflection film. After
photoresist film composition is applied by spin-coating method etc., pre-baking is
carried out. After that, a pattern circuit area is exposed, and post exposure
baking (PEB) and development with a developer are carried out to obtain a resist
pattern.

Another trilayer resist process is such when a bottom layer is formed with

a carbon etch mask. On top of the bottom layer, an intermediate layer is formed
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10I'n addition, a multilayer system for exanple, a
trilayer system or process is also envisioned with
wQ HEO/QK“af)e of the invention. In a trilayer pr o%%EIEBZPQ? 005458
exanpl e, an organic filmis formed on a substrate, an
antireflection filmis formed on the organic film and
a photoresist filmis forned on the antireflection
film The organic filmcan also act as an
by usirg aefihiectiediatd régist faher oorgpositior icbmairing ailiced atoma. On
fop H’g{ SUb 4 ath qtﬁga@rgg\ﬁ?%tﬁg‘f%%hgi}él s p| ntl%q]ogﬂ{lre%ection
coatﬁfgoééﬂnbﬁ&ﬁdn Witthe Raserftr indéntbnafis %rn@é&"ﬁﬁéﬂ Qh B of the
spin coating method etc. On the organic fil m|s f or med
ntlrteﬂectm layer. [atopi laver isIfaimed by diskigh doR Fegishiayemcqraposition
S| nLel [
of adfo ﬁgroq)%%gﬁ pl yi ng)bgﬁhgﬁan F?'g#ect’l on aﬂ?ﬁ?gfneozoﬁrr%oédlﬁ"%smon for
formimg toe gaieimetiatenldyer spay-iodade replyilsesquioxanegeaded giicone

| d, baki i i
poiviRie e BeSHRRE rESTERRIng™ de oRenTheh Jied dhiebdivg by
spmatrdattmgfsimxht a ?mlnfnqugifofug ?ﬁlahglnz m%g}gggﬂ Itd(s)rnsl[fl)rlo\mébameﬂgby
(0] resi |
CVE?BW&? as st iptes@ediatg |avey-i Ihertgp resist lﬁwref&mra%s'%n of a
pho!é%’&ét cfo%iﬁb@'iatlcfri ﬁ@eréﬂ&%eﬁﬁﬁkb@% @%mgﬂwﬁﬁ&tbc?sﬁéc%jatfoﬁ( A

formng the photoresist filmas w formng t
top easistlayear eompsising & polyarer evithopb astilisoprateinshasf an advantage of

oo ARSIk SuBP 5 g S O B Bt

silicon atams. Jhen in theesgrns dakhiemds ples bilaygrassisieploatss gnennoned

avof S Sk BBk it SSSCIEF s 2508 ESe Bl o

starllaff € pFodediussl h Suse Qerlﬂﬁl t @dst a¥Rpodue f Yakri W(FGEB)a and
carbon etch mask. On of the bottom | ayer,

develqpaienh aracarmos it tosomé'lnn%deS'ESIP@té@rﬁgfQi'ﬁVWeﬁ‘t'@f ﬁt&h‘m and

furtH&Wtfﬁ{gré@Y@br&%@Qé’é' tion containing silicon atonms. On
top of the internediate layer, an antireflection |ayer
based on the antireflection coating corrp05| tion of the

ven r,Tre t 0

D E apILBEReh ProTpg Sstalid Mgt bP By fuftifios, o

produumg aﬁdsltlllkmgedonwmﬂmst dfothe ﬁreeénlalmbﬁﬁm‘f €fiesle examples
‘&?‘ﬁ n this case, exa es of tEe conposi tion

are 1”8F “?t%'? Q‘QWﬁ%’%rinioeWHEd%ra[F%me SERRE Phig, Hyention in any
wayPSh ShoRE SN IbRXaiRnlag e \SrolidfiRNSorRMhorEe 'barameters or values

tetraorthosilicate glass (TEOS), and thé |ike. Then
whigh myst be @bbz@dewss\mlmwdet Wgorggme HWedquapyiinvantionor

afilmof SiQ2, SIN, or SiON prepared by CVD may be

used as the internmedi ate |layer. The top resist |ayer
EXAMRBPESi tion of a 10 photoresi st conposition preferably

conprises a polyner without a silicon atom A top

resist layer conprising a polymer without a silicon
SynéHeeis Brsmple pdvant age of provi ding superl or resol ution

to a top resist layer conprising a polynmer containing

si 1Pc® rpfai?taﬁaetetrﬁ@afbpﬁyltchémé aranhyideon 028 @fher) tqlmsihw L-

r
a2 28 PELESRINIGAY LANRGRARENR1de A S5, 6 Bhigt Goo
morgnaettivrethpr aceldier E¥aMBAp s ehaiged ipiosa flasdpwﬁh reecondenser,

thortef SpTEade, MBEa SOyt i ERaSH e iR, e

l'i thographi c processes. The follomnng exanpl es provide
detailed illustrations of the nethods of 20 producing
and utilizing conpositionsgpf the present invention,
These exanpl es are not intended, however, to |limt or
restrict the scope of the invention in any way and
shoul d not be construed as providing conditions,
paraneters or values which nust be utilized
exclusively in order to practice the present

i nventi on.
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25 EXAMPLES Synt hesis Exanple 1 10 g of

anetetracarboxyllc aci d di anhydride, 10 g of
W(t 34310/8 thyl L- tartrate, 1.0 g of PCT/IB2009/005458

benzyl tri but yl ammoni um chl ori de, and 35 g of propyl ene

gl ycol 30 nononet hyl ether acetate (PGQVEA) were

charged into a flask wwth a condenser, thernal

controller and a mechanical stirrer. Under nitrogen
mixtaredwas iheasitad fo tthe°C.ni xdear solionheas ebidined hf&r ~Ahedrhe

ti -1-2 h h t
temiifatie Jas ko B TPEE o h e A Godlize e g Corbacr HEveA
and eﬁ g’&ﬂ\ﬁépﬂaﬁe Hids WéreMifEY WRRA O XbElR YRRNTTHE deditioh was

above sol ution. The reaction was kept at 50C for

kept@ M, forrdd hr@a&heowa§Mmﬁplyh0W5cm|@@ t@ soergdpmperature
andts%WI?r s lﬁt(ﬁ %&4@?{ ntPQU (B Mt 9 tl.gﬁ gsﬁ)e\%ggbll%d&f. The

in a hi ender. The pol
polyoe!r | vess edll@crield m@hwdsmdmbtmgmgmy withh wagare Finaly rthe | golymer
polymer was dried in a vacuum oven. Synthesis
waséﬂ%%ngvzﬂlcw%ovge "of but anet et r acar boxylic acid
di anhydride, 20 g of (+)-dinethyl L- tartrate, 1.0 g

Syniibsigemayhpleizout yl ammoni um chl ori de, and 70 g of
yl ene gl ycol nononethyl ether acetate

P2 Y o oyttt G ROTINE tRcid Glisittiidde, 201 bl )-dmemyl L-
tartr&féntﬂ(?b' (ﬁrbéﬂi?fl’[%ﬁfﬁ]@mrﬁ% éﬂlﬂr ideS randuml%l fc’k}rbbﬁg g grlycol

and strrring, xture was heat'ed to
moneooiailyl eihewacatbied PGIEAY were ena@eﬂ into Ehiaskowith a condenser,

therb B RRCHG 5= sERRchicsh ey ” el ivogird gz Sfbgo the

mlxtpra)mbeh@t@atltde 18nd. AQ:I@rOéolmiorsQv&s:bm@nwmmpyh)z hr. The

anur th the ahove tion,
tomp& BT YRS AP O T o A aoplid o881 AL Bist Pivea,
60 §Of l&cb&fhd\mas 678)@;' 8dpERy Fe@n‘é%%&mdaé@”ge ofiﬁ]ﬁ% §|3%Mo‘kypropyl)
poured into larg eanDunt of water _in a high spee
Isocm@ﬁa@rwerﬁw@w@h yithe thangRoveosalgiane dhedeaelipPrwen é@pt at 52°C

for 3(5‘%9 UBRE Yeltbidh \Q@l&lgfm w%éqe%lgdtilaero%% X%f\é dér‘x(ﬁglowly
vacuum ove g of polyner was o rned wth a

pounwi gm larger argeuntpble watearin vee hight spéay btendebolihe P2BOEEr was
colle%/tgg Iahd washed thoroughly with water. Finally the polymer was dried in a
vacuum oven. 40 g of polymer was obtained with a weight average molecular

weight (MW) of about 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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H
dlycifivl eghetn-5r0 4| enzyityeutyiarm
cyclOREENbhE | Rekey & 8iiHi § hfles126d whbOa 3réMRorRbie ,ga acold

Synt hesi s Exanple 3 2520 g of butanetetracarboxylic
aci d di anhydride, 13.5 g of 2, 3-dibrono-2-

WO NIRRT 42 diol, 1.0 g of benzyltributyl ar nnoff 1{H§2009/005458
chloride, and 110 g of propyl ene glycol nononethyl
et her acetate (PGVEA) were charged into a flask with a
condenser, thermal controller and a nechanica
stirrer. Under nitrogen and stirring, the m xture was

acetbeitrile®d g ol mﬂmyleheod?m aisd B0 tghmfgris@ﬁ%—qbﬁ)?bmnﬁ) addcganurate
-2- 30. r..,9,2 tris(2-hydr t SLyanyri

werd, g pith P atoud aflfonie eapiimygs Kephd 9255 RRHD i, Ihe

reaction s3lufibh Was tebial 1BfrobmMempiraRire @pal 41681yt o8& inte0atye

acetonitrile, 68 propyl ene oxi de an

f f d 30 g of
amoyip} 9f(watst Eb%%%ﬂ%ﬂd)[%e'gdﬁ!yﬁm Palasatas GRIRERCATWaHed
thorﬁ?g@%ﬁwﬁﬁ'vﬁgtél"%ﬂdm& Fiﬁ?c:ﬂn' &Vadfitin %9813. at 52C for 40

e reaétion so on was cool ed to room
tenperature and slowy poured into | arge anount of

ter—jn i gh speed bl ender. The pol ymer was
syt

nd washed 5 thoroughly with water, and then

dr i @ @rams f Vssuyanuiy abid ISR aabosydinaesier,47.4 gramsldl allyl
i socyanuric acid Dbi séz- car boxyet hKI ). ester,
rReHEm @:_hg)r%ieop d” 100 grams of

cycl ohexanone were charged into a 250 nL flask w't

waterheondeneeicand & osichanigelestirasndbayenactiond mixtnecwanihegted to
155 WrBF nitfQfdel OAR! HAMBH A fodt
nrtrogen. I'n

Ilr{é%agf gm% ﬁ?@%é%tb&%dﬁfr 6

e reacti on was nm al ned at

houtse Afier ajooting fdawr6tdd063C, @0t ¢ rof ansR|3epakypropyd) iddG@nurate

was et [aetoR e it B TESSLIGAalA: £E houlE s acion
soluliBf W&aGhé®cooled to room temperature and a ~ 20 solid% polymer
solution was obtained.

Synthesis Example 5

15 grams of 1,3,5-tris(2-carboxyethyl) isocyanurate, 8.4 grams of allyl

glycidyl ether 0.5 g of benzyltributylammonium chloride and 125 grams 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 atout 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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15 solution was then cooled to roon1tenperature and a
- 20 sol|d@bpolyner sol uti on was obtai ned. Synth
““E%Hﬂﬁ 15 grams of 1,3,5-tris(2- carboxyeth’§/‘F3/IBZOO9/005458
|socyanurate 8.4 grans of ally! 20 glycidyl ether
0.5 g of benzyltributyl ammoni um chloride and 125 grans
of cycl ohexanone were charged into a 500 nL flask with
a thernoneter, a cold water condenser and a nechanica

therrdbinietet! mebRanicaesiricr Bndiaxtold evaterscaneizheet arl hesed im857C.
Aftextn éféﬁ%@{:@ ,ag'qe%ﬁ %%Eptqlqggql\é\gr? Ioallcgacq dmgrtuohydlras’te was added,

the tterabﬁér?- vﬁas Q?Fﬁ’é%ﬁé’cﬁ’lé't )thlé $SRpaArirat or ‘Hﬂ%saqfﬁéde@md)n solution

reaction conti nued for another 24 hours.
was rtieert codﬁdao reemdempetatuieeandbitgred. The ‘F'W@Fﬁ Y"@ﬁﬁ@?"ﬂt’ poyred

into éﬁ%plga ew%fﬁ ﬁ@lulaabg’ﬁp ﬂby@eére%@yfa éne3| arrpl é\'éiﬁglgm? was

filtergtiaWashéd tiesroaghly haitty mtéryéncgdyeab frugi vacugm gveré2s grams

werg ﬁé{ﬁggdgﬁlrﬁégky?rg% cgq g\magfa \geng@\%av\% rﬁol%@fi\agﬁlglght of
bo@pﬂﬁé@ﬁﬂ)ﬂﬁglpéﬁﬂ’éﬁgﬂa @MWzmer nomet er, mechani cal

stirrer "and a co er condenser and heat ed to 85C
After a catalytic anount of para-tol uenesul fonic acid

F;EQ s added, the reaction was maintai ned at
Syn |gé1¥)gén@ér%a ure for 5 hrs. The reaction sol ution was
then cooled to roomtenperature and filtered. The

il
{010l acaoRB A ShaRnb i, 7.9 ol shbheBhER, 0.6 g of
ben\ﬂﬁﬁltfdtyléﬁfnﬁhlumﬂshﬁztﬂorﬁdwrom’rd y %L th aat ef arpjonyleeeglycol
N a vacuum oven ans wer ai
mow?ﬂ?ﬂetw?awﬁt@d(é{a %ﬁmr@rﬁh% q‘rﬁ?%‘cw-{'gra GRndgneer
the@alaﬁ&gbll%éxé)f@ agﬁl@éhaﬁegl §I||P@H Wh&é?ehﬁﬂob}énoéndi s?man the

but anet etracar box¥ll iC
mixiure dvati heatedrtodt! 0°@ dh @Ieastsy\uaﬁ@ veas ellaineg! aftey ni-2 hr. The

e
acetdritried 36ntgo o plapylens tdxide amwble&ﬂs@ of tns(2 3-epoxypropyl)
isocyanurate were mixed with the above solution. The reaction was kept at 55°C
for 24 hrs. The reaction solution was cooled to room temperature and slowly
poured into a large amount of water in a high speed blender. The polymer was
collected and washed thoroughly with water. Finally the polymer was dried in a
vacuum oven. 22 g of polymer was obtained with a weight average molecular
weight (MW) of about 15,000 g/mol.

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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15 thernmal controller and a nechanical stirrer. Under

nitrogen and stirring, the m xture was heated to 110C.

W‘N‘EP/@‘Z‘P%OI ution was obtained after -1-2 hr. RQEIB2009/005458
tenperature was kept at 110C for 3 hrs. Upon cooling,
30g of PGVEA, 30g of acetonitrile, 36 g of propylene
oxide and 21 g of tris(2,3-epoxypropyl) isocyanurate
were m xed with the above sol ution. The reaction was

polyrknepBoIa:tioﬁSU’tézmikture Qs HitteredTtheoughanatricro fldruwitton peode size

ooled to enperat yre an i nto
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parafRECK Bfe HSIbGHH TANMY Of about 15,000 g/mol . 25
Coating Formul ation arrplell.Ogof pol ymer from
Synt hesis Exanple 1 and 0.2 g of tetranethoxynethyl

Coagbﬁ?(ﬁrmdl%tlpﬁrﬁ(a&&éﬁg%ved in 30 g of PQVEA/ PGVE 70/ 30

ven 3 w%solution. 0.1 g of 10%
sol uti on of dodecyl benzene sullfonic acid

LS B L of o POUEN RVE 10130 SOLEn 498 30 g of

PGMEAﬁmmg Vbrsaugblvénm&rrﬁaﬁé |4 &5.3 Wyich @ol@mﬁ 6hzg of 10 %
pm and coated on a silicon wafer and baked at 200

nan(ff&or@wtg@@smf@glc g9id /ligtudaine @u@fnPGd\@MP&MEv%Q/a%tspment
was %fqdigeﬁﬁ B g@?ﬁ%ﬁgblﬁfﬁn U’Fﬁepgmﬂu % rflﬂér%‘?iq Fough 3, migro filter

psonet ti'mze ive
with Eogorersiza of Ol?eurakmmir qiateah oﬁpaaslhum waferlancbbzd(eld att 200°Crior
ati.on

bl Coa
90 sEERTR. The Bl P a L Es 1o e i Rrotodica] Hafmeterssing
a sp@btrd;@cdf%@ﬁlp@%tgroﬂﬂ@ Spinvead réfeadianded i att P93 nm and
sol utj on. gr 10 % nanof | uor obut anesul foni ¢ aci d

the ?t?ﬁqr%t!qu%."m " Bre ISERER FAE 170/ 30 sol vent was

added in the polyner solution. The m xture was
filtered through a mcro filter wwth a pore size of
Coating Eﬂﬁlm#dtlébdxg)@nbh?a "silicon wafer and baked at
200C for 90 seconds. The wafer was submitted for
eval uation of optical paranmeters using
1.0 g of polymer from Synthesis Example 3 was dissolved in 30 g of

PGMEA/PGME 70/30 solvent to make a 3.3 wt% solution. 0.1 g of 10 %
nanofluorobutanesulfonic acid /Ariethylamine in of PGMEA/PGME 70/30 solvent
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 a spectroscopic Ellipsoneter. The optim zed

refractive index "n" at 193 nm and the absorption
WOIHYISET "k are listed in Table 1. Coating PCT/1B20095/005458

Formul ati on Exanple 3 201.0 g of polyner from

Synt hesi s Exanple 3 was di ssolved in 30 g of

PGVEA/ PGVE 70/ 30 solvent to nake a 3.3 W % sol uti on. _
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PGVEA/ PGVE 70/ 30 solvent 5 was added in the pol yner
solution. The m xture then was filtered through a
Coatingr EomlagioniExamplegdre size of 0.2 pm and coated on
a silicon wafer and baked at 200C for 90 seconds. The
waf er was submtted for evaluation of optical
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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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refractive index "n" at 193 nm and the absorption
W‘b%\‘)rlgl%"l:’%? "k" are listed in Table 1. Coati ng PCT/IB2009/005458

Formul ati on Exanple 6 251.0 g of polynmer solution from
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are listed sbT¥ed- sil i con wafer and baked at 200C for 90
seconds. The wafer was 30submtted for evaluation of
opti cal paraneters using a spectroscopic Ellipsoneter.
Coating bpmulation Bxamplet7 ve i ndex "n" at 193 nm and the
5 absorption paraneter "k" are listed in Table 1.
Coating Formul ati on Exanple 7 5 1.0 g of
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nanbfltidrebltghasiifepicrasid ey Iamineh®a alided in siee polyaibr sbhion.
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Theanixbire thery wasfilteregl thraughcp micre Hieewite A RPresizec P-aifband
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[ "n" _at 193 d t t,| YK e
The, Gized cafhciVaaphEx 30 4t s AT 38 e BERBRARE, Grantbior ¢
are lise@ic Tableng fornul ati on exanples Table 1. n & k

nmeasurenents at 193 nm

15  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

20 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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Coating Formul ation Exanple n k 1 1.66 0.01 2 1.73

0. 31.78 0.13 4 1.83
WO 2010/004377 PCT/IB2009/005458

sullfonic acid /triethylamine, and 1% of triphenylsulfonium nonaflate were added
in the polymer solution. The mixture then was filtered through a micro filter with a
pore size of 0.2 um.

Litho Formulation Example 2

0.5 g of polymer from Synthesis Example 2 and 0.5 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
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0.24 5 1.83 0.26 6 1.91 0.30 7 1.92 0.25 20 Litho
rmJIatlon Exanple 1 0.5 g of polyner from
W%&‘HP RIS Exanple 2 and 0.5 g of polyner f r on} CT/1B2009/005458
Synt hesi s Exanple A were dissolved in 20 g of
PGQVEA/ PGVE ( 70/ 30) solvent and 0.4 g of

y-val erol actone to make a -5 wt % sol uti on. 1% of
dodecyl benzene

The performance of the anti-reflective coating formulation from Litho
Formulation Example 2 was evaluated using T83472 photoresist (product of AZ
Electronic Materials USA Corp., Somervilie, 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 patierns
showed no standing waves, no footing and no scumming, indicating efficacy of
the bottom anti-reflective coating.

The foregoing description of the invention illustrates and describes the
present invention. Additionally, the disclosure shows and describes only the
preferred embodiments of the invention but, as mentioned above, it is to be
understood that the invention is capable of use in various other combinations,
modifications, and environmenis and is capable of changes or modifications
within the scope of the inventive concept as expressed herein, commensurate
with the above teachings and/or the skill or knowledge of the relevant art. The
embodiments described hereinabove are further intended to explain best modes
known of practicing the invention and io enable others skilled in the art to utilize
the invention in such, or other, embodiments and with the various modifications
required by the particular applications or uses of the ihvention. Accordingly, the
description is not intended to limit the invention to the form disclosed herein. Also,
it is intended that the appended claims be construed to include alternative
embodiments.
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through a mcro filter with a pore size of 0.2 pm 5
Li t ho Fornul ati on Exanple 2 0.5 g of polyner
from Synthesis Exanple 2 and 0.5 g of polyner from
Synt hesi s Exanple B were dissolved in 20 g of
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1% of nanof | uorobatane sulfonic acid /triethylamne 10
was added in the polyner solution. The m xture then
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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
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th|oI |ep alnlng conpo , _or triepoxy
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and/or sul fur atons or {contains one or nore al kyl ene
groups. 2. The anti reg ective coating conposition of
claim1 wherein the polymnmer conprises a repetitive
unit of structure (1) or (2) 0 0"l:11)Kk

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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itt/ 200 of )hl1 0/200 0 O where each of Y and Y1

“K5ﬂqﬁ@@BQ£ntly are a non-aromatic |inking noief
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derlved froma diol, adithiol, atriol, atrithiol, a
di epoxy cont ai ni ng conpound, or a triepoxy cont ai ni ng

conpound; each of Rl and R10 independently are
hydrogen or the structural unit derived froma

nonoepoxy COQSa'ngg conmpound; each of O R20

I ndependent |y or the structural urnit derived
froma dithiol,|a trithiol, a diepoxy conataining
compound, or triepoxy cont ai ning co ound each of
01, @, are |ndependent® t bond or
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coati ng conposition claim2 wher |nd1|
1 or wherein® is 1 andrk is 1. 10 4. The

antireflective coating conposition of a one of
claims 1 to 3 erein the conposition fyrther
conpri ses an omati ¢ chr onophd®e. T OH

ant i HEf| (g tlng conpositio
cl ai ns to 4 wh o)

of any one of

Q

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.

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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2 to 20 carbon atons, which nay al so contain an ether
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5 7. The antireflective coating conposition of any one

of claimse 1 to 6 where the structural unit of the

diol, dithiol, triol, trithiol, diepoxy containing
compound, triepoxy containing conmpound, or mxture
thereof is derivestioLm OH NN HO N OH, HON OH

)(j)\ /r HS SH

CN

? SH O O O o CH. O
3
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SH SH SH SH SH
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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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hydr ogen, al kyl, or alkenyl. 8.The antireflective
w@oabng7conposition of any one of clains 1 top@I/1B2009/005458

wherein 5 the polynmer has a repetitive unit sel ected

from HO
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0'\0 0 0- fe-L(CH2CH(CH3)0)6 9. The

antireflective coating conposition of any one of
w@babno®z27 to 8 where 5 RL is the resi due of a PODNIB2PENN5458

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, cycl ohexanone, 2- 10 he taq9ne et hyl

3- et hoxyopr opi onate, propyl ene glycol thyl ether

gx? ethyl lactate, gamm vaIeroIaE?gqp Eetgyl

acetate
3- net LopheRat e, and m xtures there 11. A
_[_Q)olymar whi[ch jdoes-not cont ai n—anoar fior e

9‘.

conpr HySi 01 ructural unit derived froma diacid,

a di anhydride or its cor?

a oriacid, ding ¢ MNo—
tetraac®d or a®m&ture thereof and a str ctural uni t
deriyed/froma diol, a dithiol, a triHok 1)

di epoxy< cgﬁ?’é‘?’ﬁ?‘“ﬁ@s conpeund, a triepoxy Q/t ai ni ng g_a\Qo
conpound, m xture thereof, where the diol, dithiol,

triol, trithiol, t he di epoxy contai ni ng conpound, or
tri epoxy containing conpound contains one or nore
ni trogen 20 and/or sulfur atons or contains one or

noftee ahlgflectvegeating, cdrsodiidry BBANE @ﬁ@rdfsdlél&saz to 8 where

R1|stﬁ8etltlve unit of structure (1) or

residue of a monoepoxy containing compound.

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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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
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.

12. The polymer of claim 11 wherein the repetitive unit is selected from
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i ndependently are a non-aromatic |inking noiety; each

of Z and Z1 i ndependently are the structural unit

derived froma diol, a dithiol, a triol, atrithiol, a

di epoxy contai ni ng conpound, or a triepoxy containing

conpound; each of Rl and R10 i ndepeqdently are

hydr ogeppofHt he structural unit deri Hfrom a

nonoepdxy cont ai ni ng conpound; each R2 ahd R20 10

i ndependent® i ved

froma di

y.are R1L or. the structuDI
: a trit ioI a di epoxy [con a|n|ng

01, 102, { 03, e i depend a direct
an 8n§ [ tut ed oro//slhhs’t'lﬁéut ed Q’Jo | kyl ene

of
ond or

ggp of
h and hl Nndependently|are O or 1; and, each o? k”or k1
i nde tly are 0 or HO
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0 0 Flo-E_cy , (cu2cu(cu3)o)6 513. A coated substrate
conprising a substrate having thereon an

w@apiibneshecti ve coating layer formed from the PCT/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 ng an image conprising, a) coating and baking a
subst r at Fth the antireflective coatifig®tonposition
of any ope 8f é aip,ns 1 to 10; b) coati anpd ®aking a

phot or es| | nfon top of the antireflegti Qe goati ng;
eH— 7PET/ 1B2( 09/ (05458 | Si ng
t he ppot I st; ) devel opi ng an i in the

phot or ;e) J-onal |y, baking the bst r at er

t he exposi g step. 15. A process for patf%ni ng a
subst r dPeXby tmphgogl—ig/%y wherein, a bt mo/(CHZCH(CHa)O)n——\<C’)

e,

Ho{ {CHC H(CH3)0)3 o o/ CHZCH(CH3)0)4 o

OH
OH |
o. .o O __o
0

|
o. 0 9 _o
0
o lo v

0" "q d “o—

HO— {CH,CH(CH)O)
o—< CH_,_CHCHs)O)5 & AV

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.
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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5 layer is forned on a substrate with the

antireflective coating conposition according to any
woePao0obs3et ains 1 to 10; an internedi ate resi stpdBEB2009/®5458

fornmed on the bottomresist |ayer by using an

internmedi ate resi st |ayer conposition containing
silicon atons; a top resist layer is forned on the
internedi ate resist |ayer by using a top resist |ayer -

oo R e, AR R 2 9l

e) oph@ﬂalryeﬁaﬁhg kigey stibstite xhesited expdsingesteslevel oped with a
devel oper to forma resist pattern on the top resist
| ayer; the internedi ate resist |ayer is etched using

t
for%e the Epattfépmﬁﬁsel %hbé@é/t@r bmltw&yré;bw MdieRsih! ar bottsin

ttomTesist ayer is etched u3|ng as a
layermiss Komted eansta tswbsiratee witbdithe eantisefientive ageatingn CamPeRition

d C% e{%ﬁa % Si £ Gokied on
scso iy BEAEPG Tl R LRI Tefi s
the balem mmsmhlaybrtun,e lmmg eam interediabal, resist flayen chmposition

é’ attern on the supstra ?

containing SIllcon atoms; a top reSIs 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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