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ANTI - REFLECTI VE COATI NGS BACKGROUND OF THE | NVENTI ON
The present invention relates to novel polyners and
WO b@7/052132 in antireflective coating conpositiBPOEIB206/003074
reduci ng outgassi ng. Photoresist conpositions are used
in mcrolithography processes for making mniaturized
el ectroni c conponents such as in the fabrication of
conmputer chips and integrated circuits. Generally, in
t hese processes, a thin coating of filmof a
phot oresi st conposition is first applied to a
substrate material, such as silicon wafers used for
maki ng integrated circuits. The coated substrate is
then baked to eyayWnrREELBOYN\ARODGATINGSt he phot or esi st
conposition and to Tix the coating onto the substrate.
The baked coated surface of the substrate is next
BAC@GW&%B%FQ’I—@IN\V@N?@N% exposure to radiation. This
radi ati on exposure causes a chemcal transformation in
the exposed areas of the coated surface. Visible

i v t . a ray

The irb S ipvloPtio R o el pbSfters B P e PO B8
coatimgh compositiohs dgreatobing qutgasstges. After this i nage-w se

exposure, the coated substrate is treated with a

devel oper solution to dissolve and renpove either the
PhotéradistEbiAPosStBRs 8k @ed .hem@nﬂmwsyh pRR@sSEs fdifnaking

photoresist. The trend towards the mnltlarlzatlon of
miniaiigiregllacisenic camppaenisisysh jagdn the tabsicatien o computer chips and

integ%‘??c? F@%ﬁ'@?gﬁeq‘ae?sl | v !Hat?égé \Rnﬁ%é%tsg% hef %‘r%? 1 Z a Ir|noor§ a The

photaresisbéorhpgsitign &tfirst appligd dobi subbstrate mmtertahe&uch@ silicon wafers

used 3R WOREAREN ol 8, ThiRRlad RN siRel balRY i eVaSorate

any olvaiit h @lel photefesiBE EbivPositis bna ke $ix tﬂ'd\@o@t&igeérﬁbltﬁel Substrate.

ef fects. of . . . .
The baked coated surface of the substrate is next subjected to an image-wise

exposure to radiation.

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

The trend towards the minitiarization of semiconductor devices has led to the use of
sophisticated multilevel systems to overcome difficulties associated with such
minitiarization. The use of highly absorbing antireflective coatings in
photolithography is a simpler approach to diminish the problems that result from
back reflection of light from highly reflective substrates. Two deleterious effects of

back reflectivity are thin film interference and reflective notching. Thin film
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back reflectivity are thin filminterference and
reflective notching. Thin filmnterference results in
web@nigea3in critical |inew dth di mensions causedI/iBz006/003074

variations in the total light intensity in the resist

filmas the thickness of the resist changes.

Variations of linewidth are proportional to the sw ng

ratio (S) and therefore nust be mnimzed for better

| inewidth control. Swing ratio is defined by: S=
interRreuRresbitsieehangRs in sriticad linewiddr dimeansjons: caused by variations

inthg Bl Phefinif TS Fedhdihuf 8 e SIS b ¥ redlsr Binges.
Varidtioms rof inswvidiip birec plopadiomapto the sere] fatiol (&) tandahdrefbrieamust be
..the resist film.thickpess. Antireflecti coat i ngs
miniriRg SRSt asBiicRgtoh Swintiiase s HofaedBror *exposi ng
t he photoresist, that is, reducing R2, and thereby
reduci ng the swing ratio. Reflective notching becones
S=4(EuRek 8 as the photoresi st is patterned over substrates
cont ai ni ng topographi cal features, which scatter |ight
t hrough the photoresist film leading to |inew dth
whergari ations, and in the extrene case, formng regions
with conplete resist loss. Organic antireflective
coatings are usually cured at tenperatures above
R, isltA&0éHectining at thearkkistrair e¢ rdsist/toe odattintesfall] RE ik reflectivity at

the filmduring the cure. QuJtgassi of | ow nplecul ar_ .
the regisysbsUalftRIAce: idS 1ieieslt oRfiea) abapmtioaraosdigant and D is
the reSist filmahidiResfat the conponents tends to accumul ate in

bake ovens and in their exhaust plunbing. Sublinmed

materials can create defects on substrates if

. di . nwhi . T
BB St o AT 0 G
photeksisist,chatis| feukicing, Rataindtiherebp vedudimg theeswingaatio.Reflective

| ecul ar wei ght crosslinkers. SUYMARY, OF THE | NVENTI .
notofyfg SR eerRTbat PP SREL S RALPTIG SHer ST HAning
topo@raphical fdatiea! wHithtsceér e tHrbagh the photoresist film, leading to
linewidth variations, and in the extreme case, forming regions with complete resist

loss.

Organic antireflective coatings are usually cured at temperatures above 180°C.
Thus, small molecules tend to sublime out of the film during the cure. Outgassing of
low molecular weight components is a problem for antireflective coatings in that the
components tends to accumulate in bake ovens and in their exhaust plumbing.
Sublimed materials can create defects on substrates if dislodged from surfaces on
which they accumulated. The current invention uses polymers that are capable of

self-crosslinking, which removes the need for low molecular weight crosslinkers.
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an ethylenically unsaturated conmpound containing a
pendant active hydrogen and a second repeat unit which
WO g00cofaBymeri zable with the first repeat unitPCTHB20064103074
| east 10 nol % of the pendant active hydrogen in the
pol yner being replaced with an am nopl ast, wherein the
pol ymer sel f-crosslinks under acidic conditions. The
present invention also relates to the use of the novel
polymer in a solvent to conprise an anti reflective
SUMM#ﬂYQf'EIdEﬁNNEN'H@N The antireflective coating can
optionally contain an acid generator. The polyner in
the antireflective coating further conprises a
The pr@Q@rﬁtlh\ﬂﬂwtkmi related o apolgheocbimpusingraofirsp repeat ultielerived from
repeat | uni t .containing an absorbi ng chr re can
an othgbpRal HhsatuiassE GopRtd opRaMiRLs AanHafAdtVR DA cos ah a
secoRd rétdk LihR MHicHRBRPBlymerabR witetHe ﬁf@t/ﬁpbat)ﬂn'i ugithar least 10
relates to process for form ng an i mage on a substrate

mol %@ pendant grtiveBydregen et Ay a G8iflp replased with an
mlnsglggto Wéﬁah@ﬂ e BBQ&*&@)&%S&%H‘M&%H dtidic %Pn&.ﬁahé.n g the

formng a coating froma
photoreS|st soI ution on the coating of step b); d)

o IR aEE AR . R4 B DFAR O b bone
comisRa drilirilectiv @oating bétnlpggitibn n ggef@tlt&wetlw toatirancan

i mage usj ng an aqueous al ka i ne
optiopally eamiainyn #RIA OFRErAMe SRe V@Féﬁvf‘ﬁ@ﬁ‘%{@ €Hye grating further

| t
com&%\é@ aﬁ%ﬁ@%fén )¢ LEBMEE%{ %sg{rrt?%@:ﬁrd mgl\f/ gn%rgeléalﬂfg unit

Contapmeg @amtabawtwng icbromephare sandedhg oSurgMgpeajm the sepond repeat
unit, Shéigagjggg%{mg%%eperl ved froman ethylenically

conpound contai ning a pendant active
hydrogen and a second repeat unit which is

e GBS R FoRt bl b S AGEN R i dh fpupotete
compingT®) cbatimgtheeslbaeatt With héd®omposition according to the invention;
b) heating the coating of step a); c) forming a coating from a photoresist solution on
the coating of step b); d) heating the photoresist coating to substantially remove
solvent from the coating; e) image-wise exposing the photoresist coating; f)
developing an image using an aqueous alkaline developer; g) optionally, heating the
substrate prior to and after development; and h) dry etching the composition of step
b).

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a polymer comprising a first repeat unit derived from
an ethylenically unsaturated compound containing a pendant active hydrogen and a

second repeat unit which is copolymerizable with the first repeat unit, with at least 10
mol % of the pendant active hydrogen in the polymer being replaced with an

aminoplast, wherein the polymer self-crosslinks under acidic conditions.
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am nopl ast, wherein the polynmer self-crosslinks under
acidic conditions. The present invention also rel ates

wo eoovis218se of the novel polyner in a sol vent POI/IB2006/003074
conprise an anti reflective coating conposition. The
antireflective coating can optionally contain an acid
generator. The polyner in the antireflective coating
further conprises a repeating unit with an absorbi ng
chronophore. The repeating unit containing an
absor bi ng chronophore can be the first repeat unit,

The érﬁgeﬁﬁﬁ\‘ﬁ%@oheﬁ folAt85 to trIHlt@J‘oIaﬁIg'rIo'v@I‘ IY'“?EEI?,E?IQ’ t to

nlca y unsaturated conpoun
comprispest arunfeﬂ ective epatingagornposition. i the a@ntirghleciiveecoatingl Gan

opiof P R i B TS5 BT RSAThaer

comprises raqtepbamg et With ahQibseXANg cRronoHoRE YT D Fpiatihd Ginit
m)nomars such as, for exanple, hydroxy ethyl

contagyp%agt SOFRIAY EREPMARNNE cap pgitae grst ﬁ%qswltem%gq@@ggnepeat

unit, @r%ﬂhé&hﬁonél%ﬁér%fﬁenbmw acrylate, hydroxy isodecyl
acrylate, hydroxy lauryl acrylate, diethylene glycol

nonoacryl ate, 2- hydroxy-3-phenoxypropyl acryl ate,

o e VA A T S B P B oo

mentiexadya mplyrlnydzab(g celrhphndﬁahmgra/bamanﬁ Iaxttd\vef)hydrpgenyﬂixamples
h h t acr te r ox

of tney Sy RAIeIR 4Bsgtes SHipipaty train Bt affendtdifecnioLtor ™

exampys) m&kb)dyébUnYaIlmﬁgtabﬂﬂéﬂéI rﬁbﬁomdtseéd?:w &) %l%)éé\ﬁ%le hydroxy ethyl

nononet hacryl ate, 2-hydroxy- I‘I enoxypr op %
acrylafg; Rydrpyy qupyl agrylate, ehmxycethﬁl exd @@wla@e y@roxy pytyl acrylate,

I I
v 7Ry S, ORIy TS 585608y ot
hydrcanycaahbenwwromd hgtytate, Eﬂm, aed hydrqul omeamgdnethamylatee

mond R A S Al 9 S Wi
ethyl rrm'tbactryme/ I I'q'blmxyqirapﬁ rmetﬂabnyime | MQEO)S)U@Mym%xyI methacrylate,
nyrey B Rl nglepyr e e ercsies TR 184 ene.
methdcriis, AidthreRB igHtopvhBRfethatrylate, 2-hydroxy-3-phenoxypropyl
methacrylate, etc.; allylic monomers, such as, for example, allyl alcohol, methallyl
alcohol, alkoxylation products of allyl alcohol and methallyl alcohol with ethylene
oxide, propylene oxide, and the like, and mixtures thereof, examples of which
include allyl alcohol monopropoxylate and allyl alcohol monoethoxylate; styrene
derivatives such as p-hydroxystyrene, m-hydroxystyrene, o-hydroxystyrene, a-
methyl-p-hydroxystyrene, 4-hydroxy-2-methylstyrene, 4-hydroxy-3-methylistyrene, 3-
hydroxy-2-methylistyrene, 3-hydroxy-4-methylstyrene, 3-hydroxy-5-methylstyrene;
amino group-substituted monomers include aminoethyl acrylate, t-butyl aminoethyl
methacrylate, aminoethyl acrylate, aminoethyl methacrylate, 2-methyl aminoethyl
methacrylate, 3-aminopropyl methacrylate, 4-aminocyclohexyl methacrylate, and 4-
aminostyrene, etc.; carboxylic acid group-substituted monomers include acrylic acid,

methacrylic acid, crotonic acid, vinylacetic acid and the like, etc.; sulfonic acid group- -
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hydr oxy- 2- met hyl styrene, 3-hydroxy-4-nethyl styrene,

3- hydroxy-5-net hyl styrene; am no group-substituted
wOowene2132 | ncl ude am noet hyl acryl ate, t-butylPCT/IB2006/003074

am noet hyl net hacryl ate, am noethyl acryl ate,

am noet hyl nethacryl ate, 2-nethyl am noet hyl

nmet hacryl ate, 3-am nopropyl nethacryl ate,

4- am nocycl ohexyl nethacrylate and 4- am nostyrene,

subsfilfied mEPRBRIY B Ag: st iseauitamionsi ¢ aci
vinylvénmyisitiehicCacid; lethafyidiidnld éf(ﬁd aﬁHthe liR Iét€nh§ v the

roupsubstituted mononmers include viny fonic aci
Corre%f’%@ﬂ@%‘”f’%@fﬂ@%c@@ theilikgl elenzy| sul fon| c acid,

methal | yl sul fonic acid and the like, etc., as wel | as

t he correspondi ng sul fonam des, and the | | ke, etc. As

As thersecond @m{eatepﬁaﬂl"letmmay tieheeatmmd her axeiniple@dmatieviny!
ch as styrene,

Cmp%%?@f {35 e'“% & n¥[h¥'rs§if ‘gm%wﬂ%tvmeswmﬂylstwene 4-

acetoaxgreﬂquesﬂya:a&bexysﬂyré@é bﬂémﬂd@tﬁéﬁe Anieth&8RtYERE S 3-

t hoxyst e, 1,3- dinethylstyrene,
d'me‘thé([gﬁﬁﬁw t&(‘% jreqe, ﬁg}mmaﬂhth%isaaganchm likeeela. kadkyl

thadgiat o Ft{,l?ﬂ a8
me eﬁiﬁﬂa%r ¥I at’e, butﬁ?larrét h %‘m%@{"ahéx ‘}né(thacrylate
hexylrm@ aerrywat%r iwllaxmynnﬁﬁwrylmst hmiolyéwl metmmwatwwtyl

t dod
e85 A m BT SUSEA oy
propybvingk ethpr del wntyhhylhee,tdri;WI V|@ué?ﬂer¥ﬂr?@mox9?ﬂh?lf vin C‘étb(ér
ethoxyéfnﬂg/‘ VI§ egtfmér W&&rpﬁ Ih\b(nylgt A 1 bgp:ﬁg ,&/lnyggw%;ugtraggdrofurfuryl
vinyl ethbe rphehty[ viayyitiaH wl}fl WA etHeF‘Ahd%ﬁ@ ﬁke eﬁ@egu&l zﬁrgl?é es such

%Eq tolyl vinyl ether and the
as mefpylAckylate, sthyh a@yle%twyl wlﬁﬂeahexylacmateaéf@'hﬁhﬂyl

t at e,
acryld c(wg Ilﬁexyyi éf;\(%: y egt% EM a?rﬁxé Z%O?elcg %(w%k) i i agﬁpﬁ%c(gy lates
or alkg?éa/l m%thgcrylaéemmmsaprwym mmllg)wylatellbenieylhﬁéllmb@hﬁé arlyl
acrylag%’fgl @?g@ﬂg rré}ﬁéll é}f Y £1§h3g o ét@c (é%gm@}ae Vinyl ethers
and eaters,;le:im; .e|n bssengt, lalsrpds@ib% td/%fé/brtuebﬂ\%rr %(ﬁfb‘i’nfr%fo?nanly
used %ﬁﬁ% ;) ess%gﬁcgrqohwmérg L@g(sisll’ll ant?reﬂgctlljvseecoanqgos?tlones that does

not contain a pendent active hydrogen and which can polymerize with the first repeat

unit as the second repeat unit.

Additionally, additional monomers, different or the same as the second repeat unit,
can be made part of the polymer to form, for example, terpolymers, tetrapolymers,
and the like.

When the polymers of the present invention are used in antireflective compositions,
absorption of the antireflective composition may be as an absorbing chromophore in

the polymer or as an additive dye. It is preferred to use an absorbing chromophore



10

15

20

25

30

used for the preparation of polyners used in
antireflective conpositions that does not contain a
w@endesti3act i ve hydrogen and whi ch can pol yner PZEIB200d003074

the first repeat unit as the second repeat unit.

Addi tional ly, additional nononmers, different or the

sane as the second repeat unit, can be made part of

the polyner to form for exanple, terpolyners,

tetrapol yners, and the like. Wen the polynmers of the
in theppelymer asrivieduces ther potested forradalitidnaé tolatilei attnponents in the
conposi tions, absorption of the antireflective

Fsi tion may be as an absorbi ng chronophore in the
pol ymer or as an additive dye. It is preferred to use

an absor bi ng chronmophorein the polynmer as it reduces
Exargpigs ghar apsalbingshragwrhpisane hy@i?@ﬁarb@n aeprpatiemoieties and
hetetbﬁﬁclﬁ%ﬁr%‘tib InRGletié AR 8 Ge ﬁ‘f‘foﬁ%é‘ﬁdﬁjﬁ@oppu'égmﬂggr\ﬁhere

are hydrocarbon aromatic noieties an et erocycl
therezarerdaloi 10 aioims ineachiring. Examplascofiroofiauersswittanbs@bing

o RfElok S BEE SRR U1, 8 1 B R S

repeathatit ineclodb @inyb tympoundgcoritaihinghsubstituaéd aao eabublititeand

t he ond repeat .unit jnc]ude vinyl conpounds .
pheny, St RG AELTUbER e AN BUPHi AT npostited
phengH®fl] substitliiad AndmdbBstittdbieRpAtHYN AUb¥tiiutsd Bad LhstiSiuted
and unsubstituted phenanthryl, substituted and
hetergrydlis Sings postrining Metsrpatonsusiiaht ag exyaend nilFegens silfur @d

combieiRInS S &Elelof, JUcRAS sdé{?lgblijl?lhwo p9rc o%ﬁé@!ﬂ@ﬁ, %c#@rihé@fsquinolinyl.

oxygen, nitrogen,
Othes deomaphpyes aie disaeyibed pyU8hyRat. Nog.ed,il di 085, 5862j297ny| |

500184 b0 3 355 AN AIELE? 830 VS 5 oo, S aro

incorpo8 R&@in by 9¥Brefe8. ¢l pfoidibdd BAfomudrBs BRY vils®nisbunds
sed, and are incorporated herein by reference. The

of SUE?‘EP’@P%H’ W%Meaew,éupﬁhwe%ﬂ% yosidkstigsted anthracyl, and

subsfiuRet did GssLiRELiEd PRt gﬁg thrBPh¥lerredthShombliSae¥ifene,

unsubstituted anthracyl,
hydroxystyrene, acetoxystyrene, vinyl benzoate, vinyl 4-tert-butylbenzoate, ethylene

com

glycol phenyl ether acrylate, phenoxypropyl acrylate, 2-(4-benzoyl-3-
hydroxyphenoxy)ethyl acrylate, 2-hydroxy-3-phenoxypropyl acrylate, phenyl
methacrylate, benzyl methacrylate, 9-anthracenylmethyl methacrylate, 9-
vinylanthracene, 2-vinylnaphthalene, N-vinylphthalimide, N-(3-hydroxy)phenyl
methacrylamide, N-~(3-hydroxy-4-nitrophenylazo)phenyl methacrylamide, N-(3-
hydroxyl-4-ethoxycarbonylphenylazo)phenyl methacrylamide, N-(2,4-
dinitrophenylamino)phenyl maleimide, 3-(4-acetoaminophenyl)azo-4-
hydroxystyrene, 3-(4-ethoxycarbonylphenyl)azo-acetoacetoxy ethyl methacrylate, 3-
(4-hydroxyphenyl)azo-acetoacetoxy ethyl methacrylate, 3-(4-
nitrophenyl)azoacetoacetoxy ethyl methacrylate, benzyl methacrylate, and 3-(4-

methoxycarbonylphenyl)azoacetoacetoxy ethyl methacrylate.



substituted and unsubstituted naphthyl; and nore
preferred nononers are styrene, hydroxystyrene,

w@e@r o313t yr ene, vinyl benzoate, vinyl PCT/IB2006/003074
4-tert-butyl benzoate, ethylene glycol phenyl ether
acryl ate, phenoxypropyl acrylate, 2-(4-benzoyl - 3-
hydr oxyphenoxy) et hyl acryl at e,
2- hydr oxy- 3- phenoxypr opyl acryl ate, phenyl

t r vl at ~-ant hracenyl et hyl
R ek e A GRS S AT
same\ag ithrg/fuyslhtet[;wlgjt nh'ﬁ;l_e‘pg bi(]érgpley Hycimx}'?tbﬁhﬁl Whlich contarl]ins bloth an
abso@bﬁ g@{%cgqrﬁo&g :comp :en arﬁc? é%_enagﬁt a{cct)&)/e%r)]/)c/lroabze%). pln?l?iBS/ case,
the skydndrspleatt urit bav e ANMBIENNBAYINBE R RSA %%r%%rézney\ivith

acr m de, N-(2,4- dinitrophenylamn

5 metgl I |a , ’ :
hydroxys {?ﬁl%e,n ghgmmg{aé\cggmhmmysy repeatiunit only has a pendant
. . t . 3
ot S2591 [9Bopd uni o2 b enyapagmet gt polymerizes
with thetfiisidepeattunit, & whichtoase axyauiditiona) oAt tuMCSINailing an
: - (4-, ni h I t t
sl IEURERY WAL ol WL PP S S o
any mendiostythat polpyriepibes Withare® fiee QR Lait asaldly hs containinrﬂ an

t he nononer cont al ng

10 abso thaﬁ:{r Iathe. IB some | nstances, _
Y Qﬁm REP HAE SFRIPAS: elVeene Ydanzyl mgthacadcatecand thet like),
in whi additi '
in whichpeak anadditidri n@?ﬁiﬁﬁér?oonféﬁhg)r%;%ﬁ’sro‘mﬁg r?'p on@ﬁ?hoa{ﬁ royid

contai ns both an absorbing chr ore c
be optionala it iszreferabla fartomeen therdirstrepeatsrst onlis dasecpaiant active

- . t hat

IRl <4ioh L eql it bon i b BBESRlg Pk Eererces

where the first repeat unit only has a pendant active

. h i [ b

16 In st SReP B8Rkl P aie s PRS0 Fhadhe Rolval forieg dak rapetien when

the activevtydedgaresre trafirstlegeap it i FRpRIFBH Hg@ﬁ%@ ] '?'ﬁean
ddiﬁabsgh% ncg chr onophore woul d have to be added, or the
addition o e pApdgangriitice te lhkaltpyabastplien parametenof fiens besed
by thani =T : . P
YA ompdsRRA? SHhpioS o1 et A3, G 2 BV sy

met hacryl cate, and the like), in which case an
addi tional nononer containing an absorbi ng chronophore

woul d O 0] |
\(R/ O\”/\/\/U\O/R\O/[ l O);
O

where Ris —CH,CH,—0—CH,CH;—  or Hscw(OH

Poly[trimethylolpropane/di(propylene glycol)-aft-adipic acid/phthalic anhydride],

average M, ~500
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be optional. It is preferable that when the first
repeat unit only has a pendant active hydrogen, the
w@emoenskiBepeat unit contains an absorbi ng chr or@OpIB20e/003074
In still other instances, it may be beneficial to add
a polyol during the reaction when the active hydrogen
on the first repeat unit is replaced by an am nopl ast.
The addition of the polyol can reduce the k val ue,
absorption paraneter, of films fornmed by the
antireflective cQnmposition. Exanples of useful polyols
are shown ow. [jwhere R s - - 0 - CH2CH2- or
Pol y[ tri meXhyt@glp ene gl ycol)-a#-adipic
aci d/ pht hal i ¢ anhydri de], averadgen Mh ~500where Ris -
CH2CH2- O CH2CH2- O Pol y[dP (et hyl ene
gl ycol)/glycerol -a/-adi pic acid], average M -2, 500
where Ris - CH2CH2- O CH2CH2- or Poly[d¥ﬁ$thylene
gl ycoi ytri nmet hyl ol propane-a/f-adi pi c aci d]j, average M
where R 800 ThE@HL,6Hy-hydraTi, @Mk—asogn'pl oyed hgkei n neans

any unsubstituted or substfTtuted al i-phatHg, CH;
cycl oal i phatic, aromatic, or aryl groups and any
Poly[difethyleaeiglycol)fglycenél- alpadipicyaditly hverafyens, +2,580 al koxy
group, as defined herein, appended to an al kyl group,
as defined herein. Exenplary al koxyal kyl groups
i ncl ude met hoxyrgt hyl , met hoxyet hyl, i sopropoxynet hyl,
and the like. Alkylol refers to.a hydroxy group, as
def i ned h@%ﬁﬁ\h d O} kyl group (al kyl
refers to branthed or straight ain acyclic al kyl
group conprising one to abowp twenty carbon atons
(preferably one to about eight carbon atons, nore
preferably one to about six carbon atons). Exenplary
| ower al kyl groups include nethyl, ethylQhh-propyl,

' ropyl sQutyl, isobutyl, sec-butyl, ] t-butyl,
Wher%Zﬁgyl , n%'ég%'ﬁ@ Vi bTQ‘-?éﬁild,-h@kyu_g NcRpd_t he
l'ike.) The polynmer of the present inveffion tan have
as the first repeat unit a formula CH
3

Poly[di(ethylene glycol)/trimethylolpropane-alt-adipic acid], average My ~2,300

The term hydrocarbyl as employed herein means any unsubstituted or substituted

aliphatic, cycloaliphatic, aromatic, or aryl groups and any combination thereof.

Alkoxyalkyl refers to an alkoxy group, as defined herein, appended to an alkyl group,
as defined herein. Exemplary alkoxyalkyl groups include methoxymethyl,
methoxyethyl, isopropoxymethyl, and the like.

Alkylol refers to a hydroxy group, as defined herein, appended to an alkyl group
(alkyl refers to branched or straight chain acyclic alkyl group comprising one to about
twenty carbon atoms (preferably one to about eight carbon atoms, more preferably

one to about six carbon atoms). Exemplary lower alkyl groups include methyl, ethyl,
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wherein Ris the recurring first repeat unit noiety

which is part of the polynmer backbone; L is a linking
w@e@aps21and T is CO2, CSO O S, NR1L, CONRLl, SEBI/1H208:/003074

or SO2NR1 wherein Rl is a hydrocarbyl radical or

hydr ogen, and where at |east 10 nol % of His replaced

wWith an am noplast. L, as a linking group, includes

di val ent hydrocarbon radicals such as: alkylene,

e e T AL SR,

hexylp oefys raml thefliken 2 to 12 carbon atons. Al kylene refers
to a divalent group derived froma strai ght or
branched chai n saturated hydrocarbon having from1l to
The f
lyear gpnngegarggﬁqt RvehilSn LaHAdE A tEHW%t ha;s’é%gﬁg glpta
, -CH 2C(CHs) 2CH2- and the i ke. Cycl oal kyl ene refers
___RLg_nDno- or bicyclic divalent ring-containing groups
containing in the range of about 3 up to about 15
carbon atons which can be unsubstituted or substituted
by one or nore substituents as set forth bel ow Aryl ene
%refers to divalent aromatic groups typically having in
T+He range of 6 up to 14 carbon atons which can be
unsubstituted or substituted by one or nore
substituents as set forth below Al karylene refers to

kgl ~.Sihs : di.v y [.ou ypi cal |
oA RS0 8 AL P R YELGH, Lt potmer
backlwma;h can be unsubstituted or substituted by one or
Lis r]g?r(e substjtu nts as set forth bel ow Aral kyl ene
g W@Upa‘?ﬁ substituted dival ent alkyl groups
T is COPICSD) ®, BaMRNICONH'h80,2na8, & SO whekdin ¥ id §

carbon atonms whi ch can be unsubstituted or substituted
hydro,ggrbyl radical or hydrogen,

and where at least 10 mol% of H is replaced with an aminoplast.

L, as a linking group, includes divalent hydrocarbon radicals such as: alkylene,
cycloalkylene, arylene, aralkylene, or alkarylene radicals containing from 1 to 20
carbon atoms, more preferably from 2 to 12 carbon atoms.

Alkylene refers to a divalent group derived from a straight or branched chain
saturated hydrocarbon having from 1 to 20 carbon atoms by the removal of two
hydrogen atoms, for example —CHz—, —CH>CHz—, —CH(CHz)—,
—CH,CHyCHo—, —CH,C(CH3)2CHa— and the like.

Cycloalkylene refers to mono- or bicyclic divalent ring-containing groups containing
in the range of about 3 up to about 15 carbon atoms which can be unsubstituted or
substituted by one or more substituents as set forth below.



10

15

20

25

30

r nmore substituents as set forth below Aryl as
ngdoherein refers to a mono- or bicyclic carbocyclic
WO 209g/053131 em havi ng one or two aromati c ri ngs PCT/IB2006/003074

including, but not limted to, phenyl, naphthyl,
tetrahydronapht hyl, indanyl, indenyl and the Iike,
whi ch can be unsubstituted or substituted by one or
nore substituents as set forth bel ow Tﬂe agoretggggps

A e AL antisht atth St ro B Shidll Paufoin i oe of 8 up to 14

i ndependent |y se

car b%af@ms‘whlchmndm bresupstitongest Wgﬁwt?d BY l6RBYIr Pdte substituents
[E,m( kox al koxy, al koxycar bony _
as sdif xycar bony?/al kenyl , (al koxycarbonyl )t hi oal koxy,

th| oal koxy, am no al kyI am no, dial kyl am no,
am nocar bonyl ,

Alkargllerpf-1 ﬁggr%{pr@lf(gr (,'u?éa &g&g;{ ar}yi |E§)upartyn>iaallyd)amng in the

rangead Ay 7 URIcCEPESboR WidHs wh St%ﬁeg or substituted b
gcarboxy Ljgfi‘;{boxya I kenyl, car oxya Q% y

one ofMigse sybstiignisrAsset fombelaivkoxy, (het er ocycl i ¢) al koxy,
h;gyoxy, hygroxalkoxy, phenyl and tetrazol yl al koxy. In
addi tion, substituted aryl groups include

Aralkylene eafemmmuustumwu divalent bkgr @@bﬁawmcéﬁz%lr@%n%e
[ nyJl ene heny| ene, napht
range Jf‘ar?%ﬂg% E’Bet&ﬁ%ﬁaéh%" ms h ﬂa@rﬁe uqsubsbtutgd engybstituted by

one o hmnelbﬂbéth eftBes(sebidHipdiblv2-) - The dival ent
Eydrocar boﬁ portion of L may be further substituted

wWth radicals that do not interfere vvithPt he coupl i ng
referr
Ao 2 4864 GRS P B IR IBh Sl B0 Slrhavin one

es of suc
or twogq?(rggn%tlczms includting - btﬁmoahmiteddxb,qjhdnlyt e@phthyy |

tetrah?&‘@fn&@tl\tﬁylci’l{%ng “‘?Jﬁ?] %rhcf fkﬁéﬁ(@n @%g?%%ﬁé%@é'meﬁm%f

substi onbergnaresubsiitubiistdses i6h BHRHW, O nul a t hus may
Ebge(?-bc&_l %Snmmu(]sﬂ - SEL -CONR 1H, -SO 3H, -PO 3H,

-SO 2NR1IH O -NR 1H group, wherein Rl preferabl y i S a
The alfovk grBup®tah %qmsﬁbétltﬁ}ed' or%tf&‘ﬁtru?eccﬂvm sub@L S35
lndeper%jent?)(?:1 selecfaezrgidfrymllgwer alkyl halo haloalkyl, haloalkoxy, hydroxyalkyl,
alkenyloxy, alkoxy, alkoxyalkoxy, alkoxycarbonyl, alkoxycarbonylalkenyl,
(alkoxycarbonyl)thioalkoxy, thioalkoxy, amino, alkylamino, dialkylamino, aminoalkyl,
trialkylaminoalkyl, aminocarbonyl, aminocarbonylalkoxy, alkanoylamino, arylalkoxy,
aryloxy, mercapto, cyano, nitro, carboxaldehyde, carboxy, carboxyalkenyl,
carboxyalkoxy, alkylsulfonylamino, cyanoalkoxy, (heterocyclic)alkoxy, hydroxy,
hydroxalkoxy, phenyl and tetrazolylalkoxy. In addition, substituted aryl groups

include tetrafluorophenyl and pentafluorophenyl.

Examples of L include phenylene, biphenylene, naphthylene, methylene, ethylene,
1,3-propylene, 1,4-butylene, phenylmethylene (—CeHs—~CHo—). The divalent
hydrocarbon portion of L may be further substituted with radicals that do not interfere
with the coupling function of the active hydrogen moiety. Preferred examples of such

10
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Preferred RL groups are al kyls, cycloal kyls, aryls,
arylalkyls, or alkylaryls of 1 to 18 carbon atons,
woreoog/ofief er ably those of 1 to 12 carbon at onsPCIVIBRD06/003074

preferably, the group T-His -OH or-NR H Exanpl es of

am nopl asts useful in the present invention include

t hose, such as, for exanple, glycol uril-fornmal dehyde

resins, melam ne-fornal dehyde resins,

benzoguanam ne- f or mal dehyde resins, and
non-inﬁ@’éermgrsmstiueyware@kyl&aryl}/ah@m iacyl-substitytext sityl radicals, and
ﬂuorg !I%{BJS for mal dehyde resins are useful for

thernosetting pol yester anti-reflective
coat| ngs which can be used in conjunction with

aci d- sensi hot or esi st G ycol uril -formal dehyde
Othey @é?’ﬁe'eééﬁﬁﬂ cludlg <=RIPa SHemewhere nds abliaiegeditomonio 10.
H an al kyl group of from1l to 20 carbon atons, an

RIgrou of from6 to 20 carbon atons, and an
The arpalp H I@mmprecyfouslrf@mmlattbuszmaudqeoﬁGO&Mnscsahﬂ —OH, —SH,

—Coﬁﬁﬁg/{fo ﬁrbup ﬁnds§r§%ﬁ)‘oxyar&klblyl-®? %&%ﬁg‘nﬁ%ﬂ?g'y'sa

C1-1sNoriefenaibly tee€ - aftyydiracarbyitragiicgl grdnidusgen, @nbeh isRaydregen.

al kylLpl) and angther is
Profdlyet R S(aEE Auf ANB SHEB RIS Ry iso RORIVIB Bl of 1 to 18
carb@i hm)sahbfb)}sreﬁwtm%e(ﬁf 1 to 12 carbon atoms. Most preferably, the

N-t et raNs\H%koxynet hyl ) gl ycoluril, may incl ude,

QVOU@T—H is e QU Qr R4 (et hoxynet hyl ) gl ycol uril,

N, N N, N-tetra(ethoxymethyl)glycoluril, N N N Ntetra(

n- propoxymet hyl ) gl ycol uril,
Exampleg i aminopiasts usefubioxtiieprésen} giveotiomiriclyde those, such as, for

ot i3 00 B VR A ot s

benzbigdartaniine domadidehydexsesiish shd glessforbvaldehyde a8€ihs. abl e
under the trademark POADERLI NK from Cytec Industries

(e.g., POADERLINK 1174). O her exanpl es include
Mondraéiv, |n%tﬁﬂﬁié&?l9@&ﬁﬁllh%8@lbhyde Hals‘i’@éﬂérdéeful%ﬂ?regaring

met hyl phenyl t et r amet hoxynet h coluril
therm@gegmgdchy%ﬁt@r mtg@ﬂ@@ﬁyq g@ﬂt@gs w ICh can be used in conjunction

with acid-sensitive photoresists.

Glycoluril-formaldehyde resins can have a formula

2
. Y /R

N—|_N
0= =0
NN

R2 Y R?

wherein Y is selected from H, an alkyl group of from 1 to 20 carbon atoms, an aryl
group of from 6 to 20 carbon atoms, and an aralkyl group of from 7 to 20 carbon
atoms, and wherein each R? is independently selected from H, an alkylol group and

an alkoxyalkyl group.

11
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under the NI KALAC tradenane from Sanwa Cheni cal

(Japan). Qher am noplast crosslinking agents are
waeornmmesnBal |y avail able from Cytec I ndustries POIEB200641®3074

trademark CYMEL and from Monsanto Chem cal Co. under

the trademark RESI MENE. Sone of other ami nopl ast

crosslinking agents exanples of such conpounds are

f or maguanam ne, acet oguanam ne, nethyl ol benzoguanam ne

or al kyl ether conpound thereof, such as

t et ranet hyl ol benzoguanam ne,

One tegtumpleeis N KlyN- féﬂdﬁ a H@ﬂ%l?@olaﬂlctwhen R? is alkylol) and
net h benz uanarmine;
anm%?rs'gﬁ\[/@ci\') ‘i?gﬁ kQ’WIﬁfghWWMdI(WbEn &ty plkexyalkyl). E?amples
PASSI: ro0ss agent s
of N.ADRpO41 ngl{(ﬁf‘)’ﬂ?fl hy %&%m ﬂr%& ﬁélﬁd& S5SNI Re

tetramgmmguhal ohpcelutiln BN Ne teira (dilydxoinmethgipglyeolurdipd, N, N, N-

R o Y S A AT o
tetra@xlautpkwneﬂwb)gly&blbﬂbeﬁml\l W,Mﬁjgm@?ﬁtoxynrggtt?‘ngrlr)g:log u rﬁl e

N,N Iﬂg\zgag{% ; hg}ﬁ%‘yrret %@wﬁohmg{l] %@a?l)é&% un%)g the teremark
Powcmmam femOREO RIS @Y., PY DERE A@ig '1 %zltﬁ ,\pﬁ}{alﬁ‘? exaffiples

es|ins are connerC|aIIy aval | e un acs

'ndu‘é%ﬁﬁm @QW@@m@BO)(YmHM!SQWdeHK BASF AG, or Maprenal

3k T cid generat or

methf/lﬁ-ut@ ||r““t%tﬁrrae se n@sﬁnﬁé}gﬂe@gﬁ&% gbﬁmh%ﬁ{?n?q"?? ) a}ﬁ%“a%

Undev\thedHIKAMMtrhdmmdetfmm Sapeadthomisabuepas). than 90 C.
and |l ess than 250 C, generates an acid. The acid,

together with the crossl | nker, crosslinks the pol yner.

OthefTamirmplast efdseliking aPeht@taﬁlé B nhL?{eIaHg ggﬁie%ﬁré@hohﬁegﬁéﬁs
vents use or

B ot B YT oo ! Sl St g Goj e he
| i St

e PN, V4P S80S SRR PR Sl o

such ggmgouracﬂﬁjamjpanpgleambbyaeetogmmmeamétrwkﬂbemm)"g@anamme

ireflective filmis heated
or alk?{)%i\a g%%?@?deﬁ%p? ehgqﬂ'| %$Pe[ulr tbgl 5&egyananting
tetrangethoxymethylbenzoguanamine and trimethoxymethylbenzoguanamine; 2,6-
bis(hydroxymethyl)4-methylphenol or alkyl ether compounds thereof.

Other possible crosslinking agents include methylolmelamines, such as
hexamethylolmelamine, pentamethylolmelamine, and tetramethylolmelamine as well
as etherified amino resins, for example alkoxylated melamine resins (for example,
hexamethoxymethylmelamine, pentamethoxymethylmelamine,
hexaethoxymethyimelamine, hexabutoxymethylmelamine and
tetramethoxymethylmelamine). Various melamine and urea resins are commercially
available under the Nikalacs (Sanwa Chemical Co.), Plastopal (BASF AG), or
Maprenal (Clariant GmbH) tradenames.

12
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Exanpl es of thermal acid generators include, but are
not limted to, oniumsalts, benzoin tosylates,
W 200302132 di br onopropyl ) -1 , 3, 5-tri azi ne- 2, 4, 6PCT/IR20€5/003074
2,4,4,6- tetrabronocycl ohexadi enone, cycl ohexyl
p-t ol uenesul f onates, nenthyl ptol uenesul fonates,
bornyl p-toluenesul fonates, cycl ohexyl
triisopropyl benzenesul f onat es, cyclohexyl

e e Pre o o BRE B oy Bnir iipa et fn rempeun
wi |cr¢omﬁmlnwed itd teroferaiyes gmélathaﬁ 908 & An@3ess than 250° C.,

genofzEh bh A ﬁ‘&?tf?ff L 6?%1‘0’@“ e fyops ggég%ml)s;hgi; the lgc?lymer

The antnreftdmﬂne ¥ilm bfteziese stdat@BAL KEcotNEindSiuBle in the solvents used
t hyl - 6- ni t robenzyl

for coglipg |Pg‘PE%€ﬂ§‘§n€§% furiiesmere, 48 afsotinsdluileri thet alkhhrfe developer
used B ini@Remeyphofordbist, ‘Prﬁfé?élﬂgetﬁ\él tf\gﬁr"i‘él%cmp genera{or is activated at

| f te esters suc
0° Crapd %@g@f@mﬂm et e, aad@vanlmomLﬂréf@i’@cﬂy 4e3908tkyhe

antlreﬁeéhv%r Hin i8 m%aggbﬁ‘ro §. sﬁgllcge(ﬂt? ggé o[)p%\gﬁp %trgq%rhpg E{pe{;c%ﬁm

esters

Examglﬁsrpfahemilam ecid garergtossiinchutiel But aletidi kARSI SiuS i tg

a sulfonic acl

eI e ORGSRy e ot s

tetrab&gggmmcmaaareﬁoﬁé ecfy%ldh%ﬂypd %Iuéﬁ@sﬁ:lf@ﬁé\t@?, m%h{hy? ugh

oo b anion S s 1
tireflectiy

HisopRAR ocrzeheborplls, by bl i MeRloxi e sufongies. B

d|azonqpmmgquwmqmeetemfenmluhmmxy bhekoliocampatindaNnitrbBeh AR
ctiyvated when the
syl PR 50050 AR, 2 S Csuenged-dnirobeny
tosylatg/ ﬁrmablbgnzg/l tosglates | nitte Sh2JPHEn RIS ukShaREL SEEH ?é ? an
tir t |t|on|n concentration o
tnﬂuor%%tgﬁ ((]J-wg;obg%ygg pbggz%gsglﬁpnatpr as éﬂaﬁhhqromedml 6-
nitroberxglig- rﬁrdbé@ier@s@%rﬁ%ﬁ@t pl’ﬁaﬁio%tsu% Oétg%lsy%%ggig%gbrﬁ%ngl 4-
onents of the conposn t1on,

methogyt%zgggwlfcmale tagomatic pehf@'amldam akyl antl drifgpHosbRbri®@bcids
esters| &% Siher %mﬂa%myfeglferg Qﬁd e saltts onn organic sulfonic acids such

as dodecylbenzylsulfonium trlethylammonlum salt (DDBSA:Et;N). Compounds that
generate a sulfonic acid upon activation are generally suitable.

Thermal acid generators are preferred over free acids, although free acids may also
be used, in the novel antireflective composition, since it is possible that over time the
shelf stability of the antireflective solution will be affected 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.

Typically a thermal acid generator is present in an antireflective composition in

concentration of from about 0 to 10% percent by weight, preferably from about 0.1 to

13
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The process used for polynerization can be any of the

ones known in the art for polynerizing vinyl polyners,
wG@amn/osd32 i onic or free radical polymerizati onPCIiB2006/003074

pol ymer structure formed can be conposed of alternate,

bl ock or random copol yners. The wei ght average

nol ecul ar wei ght of the polyner ranges from about 500

to about 1,000, 000, preferably from about 1,000 to

d f bly f bout 2,000 to
7.0 5554t vkiSbioes ek bRt ComOneis el frsormbesiiion.and more
pref@abRiTidin $Pove o, toW)e Eérdeh?w%@h‘t/ BNthd otdl 0f 1AM cdingdHents of

casting solvent of the antireflective coati ng,
the GAMPQSItION.y propyl ene gl ycol nononet hyl et her acet at e
(PGVEA), propyl ene glycol nononethyl ether (PGVE) or
ethyl lactate. The coating conposition conprises the
The prsiogas used foreolymstizationi aance amnobihe anesniowdl ia the art for

AL . i res of solvents. Other c onents nm
poiy B4R} pByethctidirs” Bl o fam B oidharzatngine
polyrmegstruciomionned caal he@imsostIddf Glliehdtt XBIBEIR oPfandom

neric dyes, | ower alcohols, surface

i |
cwq%%gfﬁbg a@e@&etﬁaf’ve Bosulsr sraighd ol thepelymesianges from about
500 RORIHUS 1?(560,00@'6re%?a%h6ﬁ1 sutWeddo Wé%o%%? §nd more

skilled in the ar e absorption .
prefesably fiom abeut2000 40 Rbouth0M® optinized for a certain

wavel ength or range of wavel engths by the suitable

choi ce of substituents on the dye functionality. Using
The gabstiersiean betgodymerizedsih et srganicisoh@ngWiingreQhe ebRehT i8lhe

353 504 Bt LB S o oo
monarddihlyl etheraditateqPEMEAS, YoréyléMegiyBbi rhSﬁ&nﬁ@fHaﬂééth%?&%@E/{/E) or

in.a particularly preferred solvént can be J ust
ethylt'%‘gafz?ppropri ate choice of substituents on the
nmononer . The polyner of the anti reflective coating
conposition is present in the range of about
The coating composition comprises the polymer of the instant invention and a

suitable solvent or mixtures of solvents. Other components may be added to
enhance the performance of the coating, e.g. monomeric, polymeric and/or a mixture
of monomeric and polymeric dyes, lower alcohols, surface leveling agents, adhesion
promoters, antifoaming agents etc., all of which are well known to those skilled in the
art.

The absorption of the antireflective coating can be optimized for a certain
wavelength or range of wavelengths by the suitable choice of substituents on the
dye functionality. Using substituents that are electron-withdrawing or electron
donating generally shifts the absorption wavelength to longer or shorter wavelengths
respectively. In addition, the solubility of the antireflective polymer in a particularly
preferred solvent can be adjusted by the appropriate choice of substituents on the
monomer.

14



10

15

20

25

30

1%to about 40% by total weight of solution. The exact
wei ght used is dependent on the nol ecul ar wei ght of

wo b@7psdigner and the filmthickness of the coapCTgB2006/003074
desired. Typical solvents, used as m xtures or al one,
that can be used are propyl ene glycol nononethyl et her‘
(PGVE), propylene glycol nononethyl etheracetate
(PGVEA), ethyl |actate, cycl opentanone, cycl ohexanone,

The pmyméﬂbﬂﬂ%rarﬁlré?éc‘i‘lvg %Bﬁﬁrgq cérﬂgoﬁff&?%ﬂ@'eg ?VP Jhe range.of about

roxyi sobuty
1% t@g%g@rﬂ%\nyﬂﬁta& weighs of aelgtlema Tdfe exaat eielight used i§ @eslendent on

the T GO SRE it PR TR e o e Comling desirec

referre
qugbmlwntshes%hsmlmmemlom fibattdagy béUQé&ﬁFe bidpiiehe glycol
i sioned that the filmis of

mondfhiifly Mgy 'iﬁ'}"gx,vl?re?&'ﬁn?(s cpEpenomeinyb athargcetate (RAIMEA),

ethyl ﬂncxixﬂe,r ¢yoﬁ§pelftaﬁd‘r% W%ﬁ%&boéxﬂgﬁd&@@éad%%gerg for
ve ffected. “Treatments
examggq qul q%yl,ggpyt,yﬁate,tand)g@hmbutnmlmmmr&ﬂvemé With a

gngx exch e col umms,
'°Wef¥‘f‘igf‘?it oA 8t Bood Boaihaih AL B0 HERTEE s Ganeity
prefegrgdiyce t he concentration of metal ions and to reduce

particles. Metal ion |levels in the polyner bel ow 50
ppb each netal are preferred, below 10 ppb are nore’

Slncerihefaetmeélecmmjfllheism@alew@rbta’pr 6 tRYB0bEPAR dHE fg%ftﬁe?r subet to
conposition i s coat he

dry etéﬂnbgﬁt‘?%@@%%iqvq%gCB Wﬁgfﬂmé% otAerfflcu%ﬂMq)w wefa dareleviel andpurity
that thenpriopertiastof the!SBmasordiubiBl B8vics @'r %IS eggelggalﬁseﬁ{e%yl ng.

The filmthickness of the antire

Treatimgpts SYChyasy Rasging 2 solutian ontheqocwmmr(mmgh anjori excHadge

columh dPA édﬁwﬁlhggien of th‘ehearndcc%%é %gchqr?qé%@g@gﬁzmﬁ%hér? a%'ld an

mm (mcrons), can also b
extracigp peecsisisycandre pskahm liezlate the wncehhﬁﬁér@bﬁ&e‘l’éltl&ws and to

ti is further heated on a
reduct Pgﬁig:fe%f R%'egﬁl\lgﬁ Jev B\I}Bﬁ pplymer below 50 ppb each metal are
preferred below 10 ppb are more preferred and below 1 ppb are even more

preferred.

The antireflective coating composition is coated on the substrate using techniques
well known to those skilled in the art, such as dipping, spin coating or spraying. The
film thickness of the antireflective coating typically ranges from about 0.01 um
(micron) to about 1 um (micron). Thicker coatings, especially up to 10 um (microns),
can also be used if necessary, especially for planarization of substrates with
topography. The coating is further heated on a hot plate or convection oven to
remove any residual solvent and to insolubilize the film.

Photoresists coated over the antireflective film can be any of the types used in the

semiconductor industry.
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renmove any residual solvent and to insolubilize the
film Photoresists coated over the antireflective film
weanw7h21any of the types used in the sem conduRCDIB2006/003074

industry. There are two types of photoresist _
conposi tions, negative-working and positiveworking.
When negati ve-wor ki ng photoresi st conpositions are
exposed i nage-w se to radi ati on, the areas of the

osed t.o the radi ati on becone

Ther%iaig%g%fy@%éﬁlpbo r%%§ qqgﬁréqs%qﬂsuppg@,tlv@ewgrklrgg and positive-
workirgo ¥¢hdri m@%aﬁﬂefv@@ﬁhb%hd?&‘é'slfs?%oﬁ“(ﬁbélﬁoﬁQSr&%bggﬁql%age-W|se

s of hotoresi st coating remain re
to ragl'@F'%ltBe laée@u%f Hhe r %%smqrmpsmwpqsed 40 ﬂlmtadneiti(mbecome

less §109/28 arﬁ‘él/%‘c?p\é‘? Fﬁﬂ{thg M6 Sds- Iﬁ’hé‘rhgegcﬁﬁgﬁ pﬁgurs) while the

causes renova expose
unexpnsﬁcbar@gsgxf ﬂm)alnmtpgesmtaboahmg caraainhi relatioélysohdge to ¥ech a

R T IR .
causedn eerpdmﬂ of &% 136n- emﬁm 4re@s o SiRNGEkIst doaiy LA the
an when positive-worKi \%g phot or esi st

Creat!?&@&”efg e image é&g&“é@tmﬁa—é'@e ¥ dinpevering adesined portion of
the uhb@®mAsERArE sEPBANHIEPE pATRSR} {%arﬂgo&ﬁpﬂg@g to

the radi ati on becone nore sol evel o .
depogiirdt i on (e.g. a rearrangerrent reactl on occurs) while
t hose areas not exposed remain relatively insoluble to
t he devel oper solution. Thus, treatnent of an exposed

On thexather dehanrrg)qﬁhmt-woﬁmgsphotbﬁdmdt ben@t@&‘,i@ibﬁ@ %(Iiie t@m&%
mack S kg AR SR Srols St aor o
radlatmabecmljne Agaé BoludlgIRstheeibvBRpkt Q&uﬁén g@ ghi(aﬂ) {F%%gél?/ié?ﬁent

uncovered. Positive work

reac“@&r?ﬁgéres? I"‘g}‘ig these gap st ByPCP?@idlem:al@wiatlmlg bsioluble to the
develbﬁélkéd?&hdr?q"h% Str&fRTLE Bf H%xé&gé%o v eS| binlfg gﬁgiio{ﬁﬁl%tﬂwth

better resol ution capabl It
the dewelepericasdesrernonal oiitid exgoskdatreasofthcdoating aneiths treation
of a p%@fﬁpé’ﬁhébé’[h the photoresist coating. Again, a desired portion of the

underlying surface is uncovered.

Positive working photoresist compositions are currently favored over negative
working resists because the former generally have better resolution capabilities.
Photoresist resolution is defined as the smallest feature which the resist composition
can transfer from the photomask to the substrate with a high degree of image edge
acuity after exposure and development. In many manufacturing applications today,
resist resolution on the order of less than one micron are necessary. In addition, it is
almost always desirable that the developed photoresist wall profiles be near vertical
relative to the substrate. Such demarcations between developed and undeveloped
areas of the resist coating translate into accurate pattern transfer of the mask image
onto the substrate. This becomes even more critical as the drive toward

miniaturization reduces the critical dimensions on the devices.
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can transfer fromthe photonmask to the substrate with

a high degree of imge edge acuity after exposure and
waenwehsisent . |1 n many nmanufacturing applicati oPGT/IRX@003074

resist resolution on the order of |ess than one mcron

are necessary. In addition, it is alnost always _

desirabl e that the devel oped photoresist wall profiles

be near vertical relative to the substrate. Such

demar cati ons between devel oped and undevel oped areas

of the resist coating translate into accurate pattern

Positivesartingphotortsistsmsiprisimg rowsalo résies anb§Lindhe.-didiis

itical t he drive toward
comptas AEciie Fampentds e el Known rifhecars Nivolarasins are

typicalgMir6@ScdDBY Ebidrdfig fﬁﬂnaia%h?&@éha bhe®f 'm&jgsfhﬂlﬂ-substituted
novol ak resins and qui none-di azi de conpounds as
phenglgoindhe Piresence mh enmeid eatalyiablsuck mswaxalin atide Photoactive

i : ' I ed by, condensin
comOH8l it BERRy BbErc bt AHS B RSB
with ngtpbifsiggiinane diazide mesisrordheif danvativies. Tigd Qéﬂéiﬁvitlylsdﬂﬂ"ﬂeébstypes
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et i RS e bR o4 B 58 s
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. hese are | |
i tho 330G PRI ed T B e brciierenan G Fiak No ¢ he
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reference, U S. Pat. No. 4,491 ,628, U'S Pat. .
248 negn haye yptsallebesnhasey an guisitatepigrolgydrinystress and itsor
A8 {£ad supstitut ed. )
e A
aromaiigmelymers; sines iasersalics areIpagueat tiois waveler@th. /Generally,
alicyclﬂ‘?ﬂ?cfrf?%rb'oﬁs are incorporated into the polymer to replace the etch
resistance lost by eliminating the aromatic functionality. Furthermore, at lower
wavelengths the reflection from the substrate becomes increasingly detrimental to
the lithographic performance of the photoresist. Therefore, at these wavelengths

antireflective coatings become critical.

The process of the instant invention further comprises coating a substrate with the
novel antireflective coating composition and heating on a hotplate or convection
oven at a sufficiently high temperature for sufficient length of time to remove the
coating solvent in order to insolubilize the polymer to a sufficient extent so as not to
be soluble in the coating solvent of the photoresist or in the aqueous alkaline

developer. Various substrates known in the art may be used, such as those that are
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pol ymers, since aromatics are opaque at this
wavel ength. Generally, alicyclic hydrocarbons are

WO p@oifmsat ed into the polymer to replace the BCTIB2006/003074
resi stance lost by elimnating the aromatic
functionality. Furthernore, at |ower wavelengths the
reflection fromthe substrate becones increasingly
detrinental to the |ithographic performance of the
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becoin eyl iiais hﬁheep%x%@m%raaﬂgaphew@mns detesminastby the
spemﬁs applicattn@nbﬂ il of Bl photdbenBRive ‘i’ﬁ%tbﬂ?l i J? ertgé ohqu of the

t t he aqueous
antir e%sgﬁ'\?ﬁ{fggét%sé)r{daéag@duﬂ @ugstantlalfyeremovermg riinetoresldt salu@it. The
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hol es
remoyg thet treated resista Bowdptiabsal Kéahpg@ftaj ednh befrﬁdwb@’@%ﬂ infPfheC

bel 70 C. then
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Spec'i&&{??c Oﬁfgﬁﬂgflﬁlq‘j’r i-hgg’agﬁreﬂ%g'g%bigﬁg{;eéghm dadetohed.Nkhe etching

may bEpestib @uanpé bﬁl?édlé’ Btchghfah{tf@r 5 r?m?ﬂ %ﬁ%x Soé%bﬁajl% of the

material is then coate
an“feﬂ%@t\fﬁrf@mamihﬁb@ éemmommmtmsnsaacyng asran etd¢thmask. Optional

et 4568 e LR P IRA A0 bk Ao
technnqgﬁ@keovvhemtheeantmhyrmugéd An optional heating step

can be incorporated into the process prior to _
devel opnent and after exposure. The process of coating

The absmi'ptlmgafhﬂn@tbﬁllq fo?ﬁeéﬁ@vél %o%blsltlﬁg%‘ﬁgésofr&n%%utp 1to

in the art and is optim ze Speci
abo”t%)fi’aé)r%fgrﬁ“@&f@f“ ahaid 0. hie ghaut &rhes mawredau:ang sellipbemetry
The refifaéti®é itk (n) BEthEMidiRctive coating is also optimized. The n and k

values can be calculated using an ellipsometer, such as the J. A. Woollam WVASE

VU-302 TM Ellipsometer. The exact values of the optimum ranges for k and n are
dependent on the exposure wavelength used and the type of application. Typically
for 193 nm the preferred range for k is 0.1 to 0.75, for 248 nm the preferred range for
kis 0.15 to 0.8, and for 365 nm the preferred range is from 0.1 to 0.8. The thickness
of the antireflective coating is less than the thickness of the top photoresist.
Preferably the film thickness of the antireflective coating is less than the value of
(wavelength of exposure/refractive index), and more preferably it is less than the
value of (wavelength of exposure/(2 times refractive index)), where the refractive
index is that of the antireflective coating and can be measured with an ellipsometer.
The optimum film thickness of the antireflective coating is determined by the
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may be carried out in a suitable etch chamber to
remove the exposed portions of the anti reflective
wo 200m052482 h t he remai ni ng phot oresi st acti ng aBCHIB2006193074

mask. Optional heating steps may be included to
optim ze the etching process. Various etching
techni ques known in the art nay be used. The
absorption paranmeter (k) of the novel conposition

exposalw\ﬁévéléﬁgﬂ'ua?&k&cn@e Indlic@saR e ahii dleeﬁ\?é EsYarld The

about 15 to about 0.7 as neasure
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range for kis 0.15 to 0.8, and for 365 nmthe
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the antirefl ect’ive coating ess
photqsesisiie nr@perﬁn@tecnemgs and ms elﬁ\ﬂsmbbgl ashging iwithin thecdodps of this

invenfibn. T ARG fs 80 Mo Wollter 538 fo@gohantvivee
exampk:?@fcé thé pplymeriaze lpelsulfdrinand polithidesof (wavel engt h of

exposure/ (2 times refractive 1 ndex)), where the _
refractive index is that of the antireflective coating

Anothan qbrmﬁﬁdﬁ%ﬁ&ﬁé@d bottbih &fbtﬁddhpéé’fﬁ%tcﬁ{e of p?@éénrlmm

m t hi ckness of the antireflective coating
mvenﬁ%q &% AR &S the pbigsensivalayer earybe mlylafedatotpraduce an etch

remsthﬁﬂ'hﬁﬁ@f&fetéﬁﬁ MY botidth lcS SY'%P%?@I&PF %gtg%pﬁﬁ%s {?)gylm

phot or esi st , Bsor pt1on ar AC
coatingyn a @ﬂb@ﬁaﬁen\g@ a zh)nttomptoat abinglthe @ohiyositionGst 18 pidagnt

ven A6 2 55 RS S R S Sl G ensiv
layer, silylatingritiis photoseasities Ry wiE bATIHpIESHAtY sf Igflﬁj%ﬁgeﬁthﬁnd

o light absorption I

etchlngﬂé gﬁhpgggchsg&\g?r\%éﬁg@gylaw photosensitive image as a mask. The

concept of silylation is known to those skilled in the art and is described i in the
reference, Sebald et al, SPIE, Vol. 1262, pages 528-537, 1990. The photoresist to
be silylated is designed, as known in the art, to be one capable of silylation. It has
been found that the bottom coat of this invention is especially well-suited to this
process since it has optimum etch properties.

Another process for which the present invention is useful is in trilayer applications.
For example, in 193-nm exposures, the microchip industry typically uses roughly
270-350 nm of resist on 32-80 nm of bottom anti-reflective coating--so-called single
layer processing. For trilayer applications, photoresist thicknesses (~150-200 nm)
are much less than for single layer applications, resulting in low aspect ratio lines.

The trilayer bottom anti-reflective coating instead is about 300-700 nm thick, and the
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An internedi ate | ayer may be placed between the
antireflective coating and the photoresist to prevent

WO niog0m132 ng, and is envisioned as |ying w thiPCT/IB2006/003074
scope of this invention. The internediate |layer is an
inert polymer cast froma solvent, where exanpl es of
the pol yner are pol ysul fone and pol yi m des. Anot her
process that requires a bottomcoat, such as the one
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mcroch|p|
resi st on 32 80 nm of bottom anti-reflective

t S e |ayer. processing. For
Exan@ﬂ% é{{%tg\;u?quﬁf gctrmlé}!%nﬁﬁgp @gs @tsqlfrﬁreﬁagg( resin are shown
below.- 150- 200 nm) are rmuch less than for single |ayer

applications, resulting in |ow aspect ratio lines. The
trilayer bottomanti-reflective coating instead is

Exampleon! RORHERADIFB Bl aicdtRflob ARLHSY Girh RYG! !}érabout

15 nmthick he  a vant age resi st
tetra(tpethoxy@ptiyl)olyeplugib: (a) reduced resist aspect ratios;
(b) the ability to use

20.0g of poly(allyl alcohol-co-styrene) copolymer (Aldrich, Mw 2K, allyl alcohol 33
mol %), 10.6g N,N,N,N-tetra(methoxymethyi)glycoluril (Powderlink 1174, Cytec
Industries), 0.15g of p-toluenesulfonic acid (Aldrich), and 155g tetrahydrofuran (THF)
was stirred at room temperature for 5 days. The reaction product was precipitated by
pouring the solution into 10000m distilled water, separated by vacuum filtration and
dried in a vacuum desiccator overnight to afford 17.8 g of white powdery resin. Mw =
5.2K (GPC / PS standard).

Example 2. Antireflective formulation

1.0g of functionalized poly(allyl alcohol-co-styrene) resin from Example 1, 0.01g
dodecylbenzylsulfonium triethylammonium salt (DDBSA:E#3N), and 40.0g 70/30 ArF-
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conventional or ultra-thin photoresists rather than
silicon-containing and hydrophobic (bilayer) resists;

w@ eQo7/052182ri zed i nteraction of resist with the PCT/IB2006/003074
substrate; (d) optinumthickness control for the
i mgi ng, masking, and anti-reflective layer; and (e)
i mproved depth-of-focus (DOF) since the trilayer
bottom anti-refl ective coatings are designed to be
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was @x8npl e 1. Reaction of Poly(allyl al cohol - co-styrene)
with NN N Ntetra( nethoxynethyl)glycoluril 20.0g of
poly(allyl alcohol-co-styrene) copolymer (Al drich, Mwv

Exaniie 3al Byhtr@bmcﬁolﬁﬁyﬂﬂék%%&ylﬂ&hﬁQnethfcr(ybag%gft??nﬁl
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NN N, .
methi‘li%@,te)g-ﬁ‘k’g@"l%ﬂ@lﬂa)i es), 0.1 5g of p-toluenesul fonic

acid (Aldrich), and 155g tetrahydrofuran (THF) was

stirred at roomtenperature for 5 days. The reaction

83.2g,eiderizy! methasndatiep 5 Bgeaf Hyyrqyettyhmetiecr@iate  feeu ratit of
Dot t cuyum

benzpHieEn Shehtofiotl FenatBRRE Ry sbirdr s andegmien

were tcomdpirfey; th that Brc@rgifo al\MEIXtToanlﬂ @(bgc@frvgrl]étsﬁs EP? gﬂﬁiti\_?gﬁma?éﬁ'eﬂuxed

. e 2. ir

for 13 e Fiﬁ8§£'%?§§£%%°‘%"ua§%&%um%@ua§> ERopyarad,by precipitation

into 4abrkdieine fittsred =@ReridoBR I VAR §&dERtSr. 1 Th (dlyrfler was

produced in a 98.5% yield. Mw = 30K (GPC / PS standard).

Example 4 Reaction of HB with N,N,N,N-tetra(methoxymethyl)glycoluril

7.2g of the polymer from Example 3, 3.6g N,N,N,N-tetra(methoxymethyl)glycoluril
(Powderlink 1174, Cytec Industries), 0.054g of p-toluenesulfonic acid (Aldrich), and
56g THF were stirred at room temperature for 2 days. The resulting reaction product
was precipitated in distilled water and dried in a vacuum desiccator overnight to
afford 6.7 g of white powdery resin. Mw = 34K (GPC / PS standard).

Example 5. Antireflective formulation
1.0g of functionalized HB resin from Example 4, 0.01 g dodecylbenzylsulfonium

triethylammonium salt (DDBSA:Et3N), and 40g 70/30 ArF-thinner (AZ Electronic
Materials USA Corp.) were combined and rolled overnight in a plastic bottle and then
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3N), and 40.CQg 70/ 30 ArFthinner (AZ Electronic
wordensABs USA Corp.) were conbi ned and rol | edPCT/IB2006/003074

overnight in a plastic bottle and then passed through

0. 2nm PTFE pore filters. Spin casting followed by

baki ng at 2000C for 60 seconds resulted in a filmthat

coul d not be renoved after soaking in ArF-thinner and
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was ‘ﬁg‘? ﬁgéﬂ“ gbso F'%eafaémt@r oF Was:y6.
nethacrylate/hydroxyethyl nmet hacryl ate - 80/20), 500m
THF and 2g Al BN were conbined, in that order, toa 11
round bottom flask. The solution was refluxed for 12hr
under nitrogen. After cooling, the polynmer was
recovered by precipitation into 41 of hexane, filtered
and dried in a vacuum desi ccator. The pol ynmer was
produced in a 98.5%vyield. Mv = 3K (GPC / PS
standard). Exanple 4 Reaction of HB with
N, N, N, N-tetra(nmethoxynet hyl )glycoluril 7.2g of the
pol ymer from Exanple 3, 3.6g N, N, N
I N-tetra(nethoxynet hyl)glycoluril (Powderlink 1174,
Cytec Industries), 0.054g of p-toluenesulfonic acid
(Aldrich), and 56g THF were stirred at room
tenperature for 2 days. The resulting reaction product
was precipitated in distilled water and dried in a
vacuum desi ccator overnight to afford 6.7 g-of white
powdery resin. Mv = 34K (GPC / PS standard). Exanple
5. Antireflective fornmulation 1.0g of functionalized
HB resin from Exanple 4, 0.01 g dodecyl benzyl sul f oni um
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triethylammonium salt (DDBSA Et 3N), and 4Qg 70/ 30
ArF-thinner (AZ Electronic Materials USA Corp.) were
wa@ eoviosa2 and rol |l ed overnight in a plastic bopttT/esB2am#03074

t henpassed t hrough 0.2nm PTFE pore filters. Spin
casting foll owed by baking at 2000C for 60 seconds
resulted in a filmthat could not be renoved after
soaking in ArFthinner and maintain the sane FT before

CLAIMSl after soaking. Variable Angle Spectroscopic
El i psonmeter FT 40nm the optim zed reflective index
"n" at 193 nmwas 1.86 and the absorption paraneter

"y 1. A poly . | Si fi
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. d . uni ich i | bl h
onit iFHER SapBBERerizgble wilt e et ap@at Uk wih avisest thenol % of the
pendaeinbtioe hgdidgen iR YK Bﬁgﬁ‘le? Beh?ﬁrgﬂ%g}égﬁ@rhbgﬁ it AR herein

th an_am nopl ast, ereln
the Pé&'i“ﬁr selierasstinks wnrrsacigic gonditansdi ti ons. 2. The
pol ymer of claim 1l wherein the am noplast is selected
fromglycolurilformal dehyde resins,
2. mbhepplymeref eidiniehwbierairetiersminoplast is selected frorr(\]I glr)]/cc()jluril-
ehyde

' or.mal.deh resins, urea-formal y
form resi ﬁg?@%ﬁ%‘ 'ﬂgﬂf‘va‘ﬁf%@ Eﬁypgap:smg,_ benzogyangmine- of
formaldehyde 2esihe,aea-folmtalashyirIedmt, hSd Berivatives thereof. .

gl ycoluril-formal dehyde resin. 4. The polyner of claim
3 wherein the am noplast is a glycoluril-forml dehyde

3. I'Bi% Polghtdri i Il thy.
P8 olgftbrict ofiherhiéhelr 8 GhKEBlaN I a offBIN - formaldenyde
resin.t et r ahydr oxynet hyl gl ycol uri |,

tetra(nmet hoxynet hyl ) gl ycol uril,

tetra(et hoxymet hyl)glycoluril,
4. tBe pglymer op olajrmatalyérel the dimihbplast is a glycoluril-formaldehyde

resin g s SRR B R o eBol ahvchlurk cathl @saliiymet hy ! )
tetrahgdirgryrhethylglydohin] Aetra GRethex 2pwgmﬁpl uril,

tetra(egtg%)q% %ﬁﬁ%{/&(ﬁé r,ril g@%ﬁgzm%mhw )Xg/;::y(z:lo:J ur;ill,I tétr:(?-d
propoxymethyl)glycoluril, tetra(n-butoxymethyl)glycoluril, tetra(t-
butoxymethyl)glycoluril, tetra(isobutoxymethyl)glycoluril,
methylpropyitetramethoxymethyl glycoluril, and methylphenyltetramethoxymethyl

glycoluril.

5. The polymer of claim 4 wherein the glycoluril-formaldehyde resin is
tetra(methoxymethyl)glycoluril.

6. The polymer of any one of claims 1 to 5 which further comprises at least one
unit with an absorbing chromophore.
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glycoluril. 5. The poldyrrer of claim4 wherein the
oluril-formal dehyde resin is
wq?gogmsmx hoxynet hyl )él ycoluril. 6. The pol ynepCDiB261003074
one of clainms 1 to 5 which further conprises at |east
one unit wth an absorbing chronophore.7. The polymer
of claim6 wherein the unit with an absorbing
chromophore is the first _repe_a;‘nunlt. 8. E_he pol yner
. | ol it 6 wHaeei 0 : .
7.’ gﬂrh en??éylmﬂa@ﬂlgé@ hg secdﬁgh % gmat' hﬁeﬂ} ?&%86' Q@r%?mp Is the
first rsl?e%l%'tm 6 wherein the unit with an absorbing
chromophore is neither the first repeat unit nor the
second repeat unit. 10. The polyner of any one of
8. ciThe molyneroiglainh@whetdie tehuitmfth ainealisbrisiag @AtRogHR s the

i contai ni ng hydrocarbon aromatic rings,
seco@d{@??{‘ﬁ@gd and unsubstituted phenyl, substituted and

unsubstituted anthracyl, substituted and unsubstituted

pJF nant hryl ubstituted and unsubstituted naphthyl, .

S suﬁ%f)f){y %djf&fﬂﬂ‘“ﬁ‘é’ gLain they nit \gtlélﬁénagﬁforhlmg ggmyge r|]c1h«:>re is
ithari {th Jat-ym e rom ,

nelthagiﬂtﬂ?grgsgﬁ%ﬁ?l}ﬂng?i&gﬁeeionb?%??on@ﬁ{ hereof. 11. The use

of a polymer according to any one of clainms 1 to 10 in

' ' 1 itiqn. 12. An |
10, ST Bo e oF Ak e SF BeE 516 oL et s chiimophigre isegoted
from qosmRaunds sontaiging mydrafcadian aniaticink@, Smshtititby ﬁtﬁ?ur Cher

i tion of claimi2 whic
BT N X S e T
unsubktitutechherarith SuBStitarc iRt Gl BsRRARE habMfly, BbERAbiNgq

unsubtsﬁt%ted heterocyclic aromatic rings containing heteroatoms selected from

oxygen, nitrogen, sulfur, or combinations thereof.

11. The use of a polymer according to any one of claims 1 to 10 in an
antireflective coating composition.

12.  An anti-reflective coating composition comprising (i) a polymer of any one of
claims 1 to 10 and (ji) a solvent.

13.  The composition of claim 12 which further comprises a thermal acid
generator.

14. A process for forming an image on a substrate comprising, a) coating the
substrate with the composition of claim 12 or 13; b) heating the coating of step a); c)
forming a coating from a photoresist solution on the coating of step b); d) heating the
photoresist coating to substantially remove solvent from the coating; e) image-wise
exposing the photoresist coating; f) developing an image using an aqueous alkaline
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substrate with the conposition of claim12 or 13; b)
heating the coating of step a); c) formng a coating

wo e@mose1phot or esi st sol ution on the coating of PEL/ER0@)/q03074
d) heating the photoresist coating to substantially
remove solvent fromthe coating; e) inmage-w se
exposi ng the photoresist coating; f) devel opi ng an
i mage usi ng an aqueous al kal i nedevel oper;

deve”?fé%%“’“a"gafﬁéaﬁﬁgﬁ e B '%@r%&r ng%geenrt: and h)
dry eéqré@gﬁ)ecqrﬁpos'rﬂm prstepdy of claim 14, where the

phot oresi st conprises a non-aromati c polyner, a
phot oacti ve conpound and a photoresist solvent. 16.

15. Thehepmuess ob tladhaidmwkére Mﬂ‘éﬁﬂﬁ)téﬂé@ﬁ% g[‘lgéé gtnon Ry agtic

ses an aromatic pol ymer rve
polyna%rgg rﬂi‘?ﬁ%’l"@ﬁoﬁ”tpoé‘ﬁﬂ\ﬂ@ﬁta P'lqloreﬁﬁt sphweobss of any one
of clainms 14 to 16, where the coating in a) is baked

at tenperatures greater than 90 C
16.  The process of claim 14, where the photoresist comprises an aromatic

polymer, a photoactive compound and a photoresist solvent.

17. The process of any one of claims 14 to 16, where the coating in a) is baked at
temperatures greater than 90° C.
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