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WD 2007/ 052132 PCT/ | B2006/ 003074 ANTI - REFLECTI VE
COATI NGS 5 BACKGROUND OF THE | NVENTI ON The present
WO nwensiien rel ates to novel polyners and thei re@EB2006/003074

antireflective coating conpositions in reducing
out gassi ng. 10 Photoresi st conpositions are used in
m crol i thography processes for making mniaturized
el ectroni ¢ conmponents such as in the fabrication of
conmputer chips and integrated circuits. Cenerally, in
these processes, a thin coating of filmof a
phot oresi st conposition is first applied to a
substrate material, such as silicon wafers wused for
maki ng i nt egr at gNTILREFILESTIVENEOMANGE substrate i s
t hen baked to evaporate 15 any solvent in the
phot oresi st conposition and to fix the coating onto

BACR@EIG?WE%@W‘HE INVAENPRIGd coated surface of the
substrate I s next subjected to an i mage-w se exposure
to radiation. This radi ati on exposure causes a

chem.cal transformation, in th xpased areas .of 0
The (iRErafyarlicBIRRER w6 by AR TR vk Fafubtastye
coatilhg givhpositieons roiedociagcuighssinggy radi ant energy are

radi ati on types conmmonly used today in

m crolithographic processes. After this image-w se
PhotéBiaBe6rRposifiens 9 @b oSHRRIEFdRtdraphy ricBSsed fob niaking

.. devel oper solution to dissolve and renove either the

miniafyiregtaleciranip 6e@gonents isdch aa dx tsstedrigatiensolggorpider chips and
: i 51.S h 1.0t 1341 ion
oo BHENSS er IR S5O S QURLES, ot
photaresibi admpaditioh isLfirsi appliet ts psubsiateomateriat, sueh as silicon wafers

used formafionSEralRd redlss ThE egaueit fubarPi i thah bAked ftavanprate
any sei@ne|n theqsHodragist §orﬂP§éiﬂ®h ahd 3 Pk 87 Bodthglbritb fhe Bubdttate.
probl enms that result Trom 30 back reflection of |ight

The hakeshaoripd suriags Afdhe subsiialeds Redsubisgied ia an bpagrrwise

tib86Ysaigfionback reflectivity are thin film
expoﬁt er?erleﬂce and reflective notching. Thin film1 WO

2007/ 052132 PCT/ 1 B20061003074
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 freated 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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interference results in changes in critical |inew dth
di mensi ons caused by variations in the total |ight
WO 240205318y i n the resist filmas the thicknessPOf/TR20&6/003074
resi st changes. Variations of linewdth are
proportional to the swing ratio (S) and therefore nust
be mnimzed for better linewdth control. Sw ng
ratio is defined by: 5 S=4(R R2)'/e ao where, 10 Rl
is the reflectivity at the resist/air or resist/top
intertasence results lce)aresiin critical lin¢width dimangians caused by variations
[
in thégoztélﬁ hI Eﬁér&% tllé«{,\]‘é |§,teﬁﬁﬁ 33%@%1&?‘%3&?@ glﬁ% &?\T{tlcﬁ%ges.
Varidtlone lof isewidéin bire' pidpedionaktoctha tswirgys reftion&) iand thgrefore must be

. .absaqr.bin e ra atlon sed f the 15
miniz3apearir mehiih contpe Sidie 5RdS CBfited Her aby
reducing the swing ratio. Reflective notching becones
severe as the photoresist is patterned over substrates
S=4FsRe)ABAi ng  t opographi cal features, which scatter
i ght through the photoresist film leading to
linewi dth variations, and in the extrene case, formng
wheneggi ons with conplete resist 1oss. 20 Organic
antireflective coatings are usually cured at
t enper at ures above 180C. Thus, small nol ecul es tend
R, istthe wtﬁdumw aviheatbsistiair b'r tewigitiop ogattih@riade ER, (dihgastédiity at
nol ecul ar wei conponen}@gsl s .a proﬁl em for

the rﬁ?fﬁ'ﬁ’?‘@ﬁﬂé@ injRITacsafiif "eﬁ'sf Retical gesomirp GREHiclent kD is

the rbSisPRImUMIEkALSs. i N bake ovens and in their exhaust
pl unbing. 25 Sublined naterials can create defects on

substrates if dislodged fromsurfaces on which they

Antuf@ﬁ&ﬂmél %\ﬁﬁgs fJ?%qu! fbﬂl%gdqm{gﬁ@te' r%Hna\‘@ iﬁgalféfp@)( s[r{@ﬁw

are capa Cross renov
photoesibt, ftbat ik preducingcitd, andiieergby reulummg thaal@ﬂmg raﬁkﬁl Reflébtive
notch2 OOéqgnggzse\F;gl'e/ zL\sB ooqm gr?é%?sf'ls pSa M}'/ﬁ R(;{ over substrates containing
topographical features, which scatter light through 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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The present invention relates to a polyner conprising
a first repeat unit derived from an ethylenically
wae®anseiat ed conpound contai ni ng a pendant actPEBEIB2006/003074
hydrogen and a 5 second repeat unit which is
copol yneri zable with the first repeat unit, with at
| east 10 nmol % of the pendant active hydrogen in the
pol ynmer being replaced with an am nopl ast, wherein the
pol ymer sel f-crosslinks under acidic conditions. The
SUMMARY:QF THEEdNVENTIONs0 rel ates to the use of the novel
polymer in a solvent to 10 conprise an antireflective
coating conposition. The antireflective coating can
The prebéstnavdntionaalatdstoan palyindr gempriaingra firsheepeal ytmt detived from

an oo e SO Lo e EEBIARES oo and

secoh& P@@a‘t Bt Whidh isCORbRAMEREbR WP i fitsNigpeat RBRMET &t least 10
can the first repeat unit, the second rep eat unit,

mol %rofthe peitdant estive hysireaen in the mhxénpt%@eatenﬂﬁmwb@n
amlngﬁlgé{.] ?&H’II: n%olglﬂte? rs%ﬁﬁéssfhﬂks [iRGEP RfuidRohdRgRs.ON 2

t he substrate With
t he conp03|t|on accordlng to the i nvention; b)

heat i at t , f ' . j
e ESub I biIRacaE dedlo B b el 8L IRET sF AR o
compHise i arftRéfiédiige ichatifg ebmpesitish. Thetantigeflective coating can
substantially renove 20 solvent fromthe ¢

optionahtroniians3qid SPRgraltre Tieoryass gtthe@zgt'rﬁtécﬂv? doafily further
comt%fs\égla% B&lrgg;‘uhlmﬁ BrifiAg RAFSIRGIThGRE K hkNBpeating unit

evel oper optional ly, heat| ngt; the substrate prior
containingrath alfsoevingd ehesinogphire can e the Tistyepeaininig thengecond repeat

onit, 6P R ARBRARAoAFEER, coent T nvent i on relates to a

pol ymer conprl SI ng a first repeat unit derived from

an eth Ien| turated co und cont.ai ni n
The BiesaaIv BRI UG HRAER (SRIPoaSs L oAnG dpe diadisrf & substrate
commﬁll ?%05 tﬁé’@]ﬁs’}’rﬁfé RithRd cdrhpoditiors hcdstBmgttodhé invention;
‘at | eas 0 mol % of the pendant active

b) hq@yag agemoatmcpfestmaymomngmg qoattm&trem aphatogpsist solution on
tno BRAIPH G5 )y 3IcERa 1HG RRGIRIERT RO e Mol REHs
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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The present invention also relates to the use of the

novel polymer in a solvent to conprise an
wésohhefisective coating conposition. The anti pefthBobénveso074

coating can optionally contain an acid generator. The

polymer in the antireflective coating further 5

conprises a repeating unit with an absorbing

chronophore. The repeating unit containing an

absor bi ng chronophore can be the first repeat unit,

t he second repeat unit, or an additional nononer. As

the eth d f
Tho tBEa RN S SetAED B B RRRI i g
comp¥ ?W‘trﬁfa?m'w ce?tlmgrmtanpomri \rghehaMreﬂmtweanlatrgg ean

0 e e eni ca un ur e C oun cl ude,.
optionglly sRAtainia Ak G REratopy T xnéﬁﬁ'r'%r in ﬁ%%@{fﬂé}w&ﬁ% fing 3 irther
compiisey 'a%SeQMbou'mf Wwitt$ HA '&b@érbﬁ@éh@?fﬁiﬂiﬁbfb Thedtepaatiref dnit

acryl ate, droxy propyl acrylate, hydroxy eth Ihexa/
contaiding |aatat§>sortyrm ehpniaphpre eat he desfirst rgnwbwt, the geegnd repeat
auryl acrylate, diethylene glycol
unit, &Cé'}{g%@?n?@é%‘? hydr oxy- 3- phenoxypropyl acryl ate,
etc., and hydroxy containing nethacrylate nononers

o EHATERE eb el bR BT IO RO o008 M o e

mentlﬁﬂehaﬁpMZmbﬁzame! dbmpysu?cﬂ h‘;ﬂnhg wenﬂahhaahw Wd%ogen Examples
I oxy at e,

of th%mmgﬂ"wesatﬁgﬁa?@ Pauwfn Oﬁﬁweﬁ%}/fwﬁesttﬂ;ipéne
exarrﬁet hacryl e |H|ﬁ§ra)éhifét% m&dm@ﬁs%h%spf&'é%ﬁ@i@ﬂwwox%thyl

etcC. lyl'ic nmonomers, such
acrylatea hpdirexy arcmm a@wla@mdwdrwertaylh?xyl aary&&molnydroxy butyl acrylate,

hydrSYy83dS3A hiaRL, qg,p&;@ 124 P%éﬁﬁllat@'&&F@bné@&cﬁfgﬁﬁané&?ﬁé& °-

hydréxw:e—phandxym’owh aewlat@,emeo hnd éwdrquezsntaimmg imdgthad¢ryiateide

mondiphiRsdiisppaiind T RS/t nBh fot wdlualeh, B EHMnle, nyaroxy
ethymngtgdé@ﬁ@t deds»q/ OFrﬁpWﬁémymaue emeiroxy digihexyl shethaaglate,
a e ro

hyclragor Brtviang hac kst ISk GiekeseoH methasrylate. RudToyy AYlene.

meth% ﬁgr&ébhg% )566‘1 frorofft@ackylaisd oM dxy BIdRBhXyHrE R
roxy net'hyl styrene; amn no roup-substl t uted

methﬁ@ﬂ'dﬁf@f@ch allyligcraorameise sugh a%»dpyemreplet alp algohol, methallyl

ctoof 85 o (TEALEEEY ) S BREHBHEALAT S ityene

ox1der¢irdxa§der)é axide, shdathe hikpy anpy mixtertelsdbergbftexamples of which
i B HEHGL PO S BT OB IR Y
derivaii¢édslechodd N—lhyaroayst?l:ene, m-hydroxystyrene, o-hydroxystyrene, a-
methyl-p-hydroxystyrene, 4-hydroxy-2-methylistyrene, 4-hydroxy-3-methylstyrene, 3-
hydroxy-2-methylstyrene, 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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met hacrylic acid, crotonic acid, vinylacetic acid and

the like, etc.; sulfonic acid group- 4 WO 2007/052132

PCT/ | B2006/ 003074 substituted nononers i nclp¢d@aB2006/003074

WAL oni ¢ acid, styrenesul fonic acid,

vi nyl benzyl sul fonic acid, nethallylsulfonic acid and

the like, etc., as well as the correspondi ng

sul fonam des, and the like, etc. 5 As the second

repeat unit, there may be nentioned, for exanple,
subsfitutstabaomeryihclud® nipgisulfenic acidhsigenesylf@ieacid,

G ey BRI W S i Vo ag

corredp8RdiRg SMBdNENGIBSs, ahd3he ltaTRtdY| st yr ene, _
tertb yl styrene, V|nylnaphthalene, and the like,

etc.; alkyl nethacrylates such as nethyl

As th’é@e’&@ﬁ& ?‘ép?éa? uni?ttﬁ‘é(lje &} Bé‘ﬁfe‘ﬁh@ﬁ@d fBHéﬁQm;ﬂBt zi]@ﬁfalrib gl

0 hexyl ‘nethacrylate,” 2-eth Xyl nethacryl ate,

comngwusmoywl asﬁvneae,rqrmtwlstmr@nyl 4 m@hviame;neaﬂbmeérw&éwne 4-
I

acet&&%@?éﬂey r opy‘i’fyts nyrl eIP ?&t&?&n% i\tjﬁ %t}f/n??ys‘?%rgﬁé %%tn zl

dlmemym}yreaenenbumstynmq; atriyhaphthaﬂéneeahd the liket, lstocyadky |

meth\élpn ee%lgq} %%g%ﬂyf m\é ) Iate ?[ﬂ;\ I%tgﬁﬁgl;ylﬁg;%&{k Métﬂébrylate

hexyﬁhbﬂfacrwatby.’e ethymdxylehbmac@mﬂe tdyeldhleky! mahacrylaaé k)ptyl

methgg l ata(%qg%gfr@et%ﬁg)\(%te e?é‘f yylgy !g%tés(%ﬁp B @ihy)fl vmyP/eti?\l
propﬂQﬁ'Wl airfer, &Mﬂ'\ﬁ}ﬂﬁéﬂﬁbr Qféfyi’ k/mypeth@ptnyéth@;qremmmyl @taslecyl

rylate, etc. nmet hacryl ates or al ky

ethoxu@ttm&&wi elhes fwdmy%tbylmh@fhﬁth%bmFwﬁteéherbt%r@wdrofurfuryl
vinyl 'E‘ﬁwﬁ ﬂaﬁgﬁw ahd! tolﬁ"?/frb(/l %(‘n%?‘a § 1t I'ﬂéé] ety aldf %&x‘yﬁét@sssuch

acfylate, benzyl acrylate; vinyl "ethers
as mathyl esnykats, etlyl @cryia'qe dusyrca/ater hexyl powisital 2ethyihgsy any

s B SRRTBG I AOLAY bt ) ol B T s
or alkigaxg! mlemachaitbasuch;]a)ﬁm?ﬁhmaﬂuaurwatdmdnqg metlaam:tylam ahyl

th t t
ccry SR A PTE LA ek b PhER S TSR 3 b Wt

and 64tbfsCERNtIn@ssémR, ﬁwpos%ﬂalé Wu@éwdthéembnm bustomaaly
can be made part of the polynmer to form for ex%n;iéjoes

used;fer gl BrARRISLOR 6t Pcawapwﬁeg i atikgIpRiye GRRosiNaBA
not cBAtaYTRY nBIanttan:%vé’ ngér@ﬁén hRY WM dHOEhrAbSyHEREL With the first repeat

antireflective co i'tions,
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
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absorption of the antireflective conposition nay be as
an absorbi ng chronmophore in 30 the polynmer or as an

dye It is preferred to use an absopoOi/NEL006/003074
w@%ﬁ’gﬁ%‘r{) or 5 WD 2007/ 052132 PCTI | B2006/ 003074 in

t he pol yrrer as it reduces the potential for additional
vol ati|l e conponents in the conposition. Exanples of
an absorbi ng chronophore are hydrocarbon aromatic

noi eties and 5 heterocyclic aromatic noieties with

in thd E)@[Wéﬁpﬁs i3l Qits thE @)@feﬂtlﬁl foF adidifienhl Volgife camigsrtentd inahe
are’3 to 10

atons in each ring. Exanples of nononers
compasitionabsor bi ng chronophores that can be pol yneri zed
wth the first repeat unit and the second repeat unit
i ncl ude vinyl conpounds containing substituted and
Exanoplesi biar absmblngﬁmuynbph@a lase hydrosarhancaramatio snaietigseand

bstltuted d
vte o1 PRSP AT b B8 R, voer
thereSate s ot 10 @l@gﬁid g46h vipg! Exarhglds of atomoomys Iwuth ablsngmg
oo o S G Y ot 5896 secona

repeQB’lErﬁﬂfmb[%?Wnyl 8oth ﬁ&Yﬂds donBhihg isOpstituReIrdrid lﬁhdubstltuted
gul no her chronmophores are described |

pherwhtsubmgted@rmlmsugstltued@mh@gw; substitiged ang U"SU@%@JTQS 6,
phen%n?rﬁ’)?Sg Tos giﬁﬂgd gnﬂi%gn ﬁ@ﬁl’tut%‘ I?t'ﬁ?b’ sabstiuteg dithsuBfluted

orporate rein erence. The preferred
hetexdmydmpigsrmtaameg\hetqrbatommh@@ oxypesuttogentsetfura ay

comiRHFR b By AR ERRGHOE Sl ot
Othda @ﬁl‘dn‘ibﬂhor@@ dra@sseriped fred 1S dPattvosTE, 151 45085,8,§52287,
oo R B Er S aaE R S 8 280, WK SRR P e
mco%%?é’tbéh@reuﬁ’ RG REreYeHc@PYhe Bﬁ‘éféfﬂr@d ehro'mdﬁobﬁlal@)«hn)ﬂ c8fpounds

dr ox henox et hyl t
of supsh « H y acr){ si@g@m@deanqm@m;qstltuted anthracyl, and

subs‘fﬁ{tﬁ@ﬁﬁa luﬁgﬁ’bst@ﬂ@a Y]'agﬁfﬁxp aﬁ& YiGk Fﬁn’ef%f‘n@ﬂtrmlﬁﬁﬁé% li@ styydne,

acrylate racene, 2-vinyl naphthal ene,
hydrbkystymh@,rndmd)xMﬁWme Nlr(beegmatﬁqy/}rpfh érigtt-butylbenzoate, ethylene

glycﬁ&{rﬁgglr%b%ﬁ%glatﬁpbénmpw abylied F2PREBNIRAS) phenyl
hydrbwb‘r@mky)ét@ﬂ hovlata rbbydrbphapheasxyrbpylydcrylate, phenyl
iR SR b A o RIS AR 8
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.



hydr oxyst yrene,
3- (4- et hoxycar bonyl phenyl ) azo- acet oacet oxy et hyl
net hacryl ate, 3- (4-hydroxyphenyl)azo-acet oaqaati®sy06/003074
““é?ﬂ?&ﬁﬁéthacrylate, 3-(4- nitrophenyl)azoacet oacet oxy
et hyl methacryl ate, benzyl nethacrylate, and 3-(4-
met hoxycar bonyl phenyl ) azoacet oacet oxy et hyl
met hacryl ate. 30 6 WD 2007/052132 PCT/ 1B2006/ 003074
In sone instances, the nmonomer containing the
In somissiostenees. dhe BIPHBAEK @oetamlrwmwév%él%%cié@mmom ¢ayy be the

samé 58 flrgﬂlggeﬁ{ WHit; ?dggég%b@d ﬁygﬁd%g%’gF% € Which®nEdins both an

con fe conponent an
absotbipg nhia)mOmOte wnmmm ged a pendant activadwdrogeine I8 diisnase,

the sEERGiepEaLInf &b 88 AR R) B lRE Mt bty e il o
5 hydr@*}efWerid? elnfdthértlnﬁapeéﬁ whigretthe lﬁfs;t rdamt anip entiams a peridang
. repea can

n t he secon an .
actvRHOE: Al kP oaut S8t YR Nsca MERomBE Il bamerizes
with tHe It rePediaff, A WREH chi®BA hdBRMIBAARHonGér WRHNEGHAINIA aan

absor bi ng chrormphore woul d have to be added, or t

absoghing Alromapbare watld haye tobe aghpd @iibasecenmiepeat unit can be
any rﬂBhéfrﬁEf ﬂhé?ﬁoanbnzé%ﬁntﬁ 'tl{esﬁrsf @Qf urﬂf‘éé W@ﬁ’ a%bhtaﬁﬁTg an

contal nin sorb I Ng hore (for exanpl e
10  absoshipg ehr@nmpfbem(ign emmla,csﬂyneoam beazw rmeibacprykcaye,, ang the like),

w5 o R o T S 3R OfBpre wou
be opticraér A metdndble\ﬂmm/vhdnsthé |firs=.ttrepmiemﬂ onhyi hasom pgndiead aative
nydrBgaTL SiéaStand BReA SO A AR AD RIS ARGRRIE. of her

i nstances, it may be benefi ci aI to add a pol yol during
the reaction when the CIIVG h drog,pg on the first

15 In stifl giheginsignaes; & mayiebene qg&al i@ dyringrihe reaction when
the a"%ﬂ% hy@Bgéh oh ite Rt ¥&eal amt rsqaaﬁeea 69 ak dfﬁhHﬁlast The

asorgtlon araneter, of films forned

additign ofrtae pelyel san ohpe #ie k value @&&@mtw nﬂrarr@terruof fvop yomed
by tHa' ntidRMVPESRBbsitAY EkarfleLof i Polydt dre Shdtvn Rlow.

0 j ?
0 R }
A MO/ o @) )
o)
OH
where Ris —CH,CH,—O—CH,CHs—  or Hscx(
CHy—

20 —CH,
Poly[trimethylolpropane/di(propylene glycol)-alt-adipic acid/phthalic anhydride],

average M, ~500
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where Ris -CHCH- OH z 2 OCH2CH2 or HsC 20 -CH2
CH2 Pol y;tri met hyl ol pr opane/ di (propyl ene

a/t-adi pic acid/ phthalic anhydride],pc1agessgeso74

wﬂoﬁ%@%b 27 WD 2007/ 052132 PCT/ | B2006/ 003074] On O%—I

where Ris -CH2CH2 O CH2CH2 or CH ~I CHz
Pol y[ di (et hyl ene gl ycol )/glycerol -alt-adipic acid],
average M 2,500 O -f RRp @G n OOH where Ris
-CH2CH2 O-CH2CH2 or -CH2 CHz CH3 5 Pol y[di (et hyl ene
gl ycol )/ trinmet hydol propane-a/t-adipic acid], average M

2,300 Thestermlhydrocarbyl as enpl oyed herein neans
any uns_ub% i al i phati c,
cycl oali phati c, aromatic, of aryh groups and any

conmbi nation thereof. 10 Al k@xyal kyl refers to an
al koxy group, as defined herein, appended to an al kyl
group, as defined herein. Exenplary alk al kyl
gr oups [ ncI ude met hoxynet hyl , net hoxyet ,
Like. Alkylol refers to a
Whegﬁjg oxy gr o%p as de? I@49{1& ', fed €bsam al kyl
group 15 (alkyl refers to branched or sttai ght chain

Poly[R¥fHylehea]iyonl)/ dhcerd)- Aeaampic Sicity, dvaeadeoMabaiBoo

OH

where Ris  —CH,CH,—O—CH,CH;— or _oy CH.—
2 2

CHg

Poly[di(ethylene glycol)/trimethylolpropane-alt-adipic acid], average Mn ~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 alky! groups include methyl, ethyl,
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twenty carbon atons (preferably one to about eight
carbon atons, nore preferably one to about six carbon
wab@me32zEXenpl ary | ower al kyl groups i ncl ude pratiBydos/003074

ethyl, 8 WD 2007/052132 PCT/|B2006/ 003074 n-propyl,
i sopropyl, n-butyl, isobutyl, sec-butyl, t-butyl,
pentyl, neopentyl, iso-anyl, hexyl, octyl, and the
like.) The polyner of the present i nvention can have

s, the first eat unit la 5-R L | T-H

n-prapls SOPFORY DA %@em'w%%? iyl Ehuiie ReatvLuIRoPeRivl.degramyl,
hexymbg,halnatﬁgq,kepf the polyner backbone; 10 L is a
inking group; and T is C02, CSO O S, NR, CONRL,
SCB P03, or SOZNR wherein R is a hydrocarbyl
%

The fhEFoT Be R FREnIcH Ca HELE o8 e 2R Lopkat Rl firGimdfa
gr oup, |ncludes di val ent hydrocarbon radi cal s such as:
al kyl ene, cycl oal kyl ene, aryl ene, aral kyl ene, or

—_Rérkarylene radi cal s containing from1l to 20 carbon

atons, nore preferably from2 to 12 carbon atons.

Al kyl ene refers to a divalent group derived froma

%straight or branched chain 20 saturated hydrocarbon

Thaying from1l to 20 carbon atonms by the renoval of two

hydrogen atons, for exanple -CH2-, -CH2CH2-,
-CH(CH3) -, -CH2CH2CH2- C}QCXC}B)ZC}Q and the like.

nerGNCHORL 6, ot S EBoAP G g SR, % et e gpimer
backladrmjt 3 up to about 15 carbon atons which can be

Li aLSJl ubstituted, or substituted by one or nore
IS QHRtAGs set forth bel ow.

Tis CO,, CSO, O, S, NR', CONR', SO3, POs, or SO.NR' wherein R is a
hydrocarbyl 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 —CH;—, —CH>CHz—, —CH(CH3)—,
—CH>CHCHo—, —CH,C(CH3),CHo— 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

9 WD 2007/052132 PCT/ [ B20(16/ 003074 Arylene refers to
di val ent aromatic groups typically having in the range
of 6 up to 14 carbon atons which can be unggpsdlobetiosds
WOR00EYBER t ut ed by one or nore substituents as set

forth below 5 Alkarylene refers to al kyl-substituted
di val ent aryl groups typically having in the range of
about 7 up to 16 carbon atons which can be
unsubstituted or substituted b one or nore

Arylese bafeis toalivalerisargaatid groups byl haying kylherrangeoied up @14

car b e G RlERl K BIRIBEGAE 8 Yottuen
as setfartisbeMvch can be unsubstituted or substituted by

one or nore substituents as set forth below. Aryl as
used herein refers to a nono- or bicyclic carbocyclic

Alkaryieﬁls rcgf)éﬁd mgh?-\éhﬁfamft_aa _di\@geng weyi gfcﬂﬁé}iy"mcaﬂl'ymgﬁinlg in t1h5e

I nCcl udi ng, u no Imted . to, en ,. N y

range Bt 46Ny BRI ARYRON FIREAVICH (bR SRy ekl spettited by
one &8 %E&itﬂ@nﬁ%%ﬁﬁﬂh@eﬁﬂv.or substituted by one or

nore substituents as set forth bel ow. The above groups
can be unsubstituted or substituted with substituents

' t f , L
A ERAREE  AEL AL A B0 Oty i o
rangabkabopt 7 alpkioxigatadaoryatormiskhuhisit earbbe yhsubstituted or substituted by

| k I I b | ) thioal k :

one Gt G L BRI S R o, i o Kyl aminor

am noal kyl, trial kyl am noal kyl, am nocarbonyl,
A 55 YRBiPro RSB 16 TIRpanG! BRIGIF Gerey B R Ehaving one
or twb Ak GAANG rivgd IReNMiAG Kot imRéd 2 yyehK oxaphthyl,

al kyl sul fonyl am n

o, cyanoal koxy, (heterocycljc)al koxy,
tetrawwrhw,snw,d&%wgm thﬁﬂ@ﬁy\rvhéa §ap é’?ﬁéﬁﬁ?ﬁﬁ?‘%ﬁ& 8ky .
subslifdtcdds} ShBr mOHPSUdstiticRE A 36k f@HrPb@ASw. | ncl ude

tetrafl uorophenyl and pentafl uorophenyl. Exanples of L

i ncl ude phenyl ene, bi phenyl ene, napht hyl ene,
The S G oL O L6 Bsilecip R R AT pdepilofieene:
indeﬂgrmlenthas@ectep(ﬂm loweoalkyl, I’@;», hajoallylt h@palg@tys hydr@xyajlfyl,
e, FFE AR 1Rl B, SR bolRE o "
(alkogycatipdrad)ttadalkosh thioalkoxy, amino, alkylamino, dialkylamino, aminoalkyl,
trialkylaminoalkyl, aminocarbonyl, aminocarbonylalkoxy, alkanoylamino, arylalkoxy,
aryloxy, mercapto, cyano, nitro, carboxaldehyde, carboxy, carboxyalkenyi,
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 (~CgH,~CHx—). The divalent
hydrocarbon portion of L may be further substituted with radicals that do not interiere

with the coupling function of the active hydrogen moiety. Preferred examples of such

10
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10 WD 2007/ 052132 PCT/ |1 B2006/ 003074 non-interfering
substituents are al kyl, aryl, alkyl- or

washosypstituted silyl radicals, and fl uoropCT/1B2006/003074
substituents. O her exanples of L include
-C(=0 O (CH2)n-where nis an integer from1 to 10. 5
The group T-H in the previous formula thus may be
-COCOH, -CSCH,-OH, -SH, -CONR1lH, -SQ3H, -PQ3H,
-SO2NR H or-NR H group, wherein Rl preferably is a

non- ﬁierﬂe%ing%ﬂﬁéﬁﬂéﬂb)aré afiyl, Hoyl hatylo opatyl-subssaitiited lsilgiradicals, and
en, and His hydrogen. Preferred Rl groups are
fluor(ap;@qt e’E§fcI oal kyl s, aryls, arylalkyls, or alkylaryls
of 1 to 18 10 car bon atons, nore preferably those of 1
to 12 carbon atons. Most referabl y, the roup T-H
Other §X@mP|@SQHRiFPIU®<a'ﬁB;§#@§,0UFC|'éah'nWbﬁ@s@ is Yy ivfegerifipm fdo 10.
present invention include those, such as, for
exanpl e, glycoluril-formal dehyde resins,
The gelupM-Hen thor pmlvﬂmhydﬂnmlammmayse —COOH ~CSOH ,—OH, —SH,

i pe- de
~CORFLEL PERRR o RpHe R LK S S e B! Woeraly Rl pugferably is a
C1-1e9pietarhblyia C{ ﬁrmk@t@{mgﬁeaduealmmytar@en$aﬁwH "fsthyd{ogen
In er npse I N ester l-re (|
Preferiad BL@@%%% ayls: 5@'9%5@8,. Vo !@sﬁ% S a s of 1 to 18

carb@ﬁ hﬁ)h%'ﬁ%rb Y@fepétﬂ;‘l fHReicttie 13.Q:arbon atoms. Most preferabg the
col uri |l -formal dehyde resins can have a fornul a

grou —H is-tPINoreNB+O N N\ R2 Y R2 25 wherein Y is
selected fromH, an al kyl group of from1l to 20 carbon
atons, an aryl group of from6 to 20 carbon atons,

Exaraplds ahamiradpkadts gsefupindhe presen?inventkih ineluderihose, such as, for

example, glycoluril-formaldehyde resins, melamine-formaldehyde resins,
benzoguanamine-formaldehyde resins, and urea-formaldehyde resins.

Monorheric, methylated glycoluril-formaldehyde resins are useful for preparing
thermosetting polyester anti-reflective coatings which can be used in conjunction

with acid-sensitive photoresists.

Glycoluril-formaldehyde resins can have a formula

RZ
R Y
N

N
0= »—o
NTTN

RZ Y R2

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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atons, and wherein each R2 is independently sel ected

fromH an alkylol group and an al koxyal kyl group. 11
w/'Ro29{4052132 PCT/ 1B2006/ 003074 One exanpl @CiraB2006/003074

N, N, N, N-t et rahydr oxynet hyl gl ycoluril (when R2 is

al kylol) and another is

N, N, N, N-tetra(al koxynet hyl )glycoluril (when R2 is

al koxyal kyl ). Exanples of

N, N, N, N-tetra(al koxynet hyl )gl ycoluril, may include,

e.g., NNN N N5 tetra(nmethoxynethyl)glycoluril

One @x&lvng\e'\i'é Wﬂrﬁﬁ%ﬁﬁﬁgﬁ&{%@ﬁ Lﬁ!ﬁﬁ%'ld’rﬂ '(\}vheﬂ\hNié\ElWol) and

(n- propoxynet

anotheniz N NN, Beistelalmmtyitopl sy (it B i alkoryMIgN Examplos

| uril
of N NN e b TN Ry B g NNNN-
tetraoméihbkw;étaymgi(mmmmpmm Nstét}gbm?‘(wfetﬂ |)tgﬁycav:|@4:}I |Nifll| N, N-
e rom ec naus
tetralfSErgbox SRRV Fat 1 MY AL - BsenepVEstuDolvRekEh &L KN N-
tetra(fﬁlﬁ&tﬁkyﬁﬁélﬁyl??l?édlmmtml’étreq{ M&l@k%ﬁéihyl gﬂ}golunl

| phenyltetranet hoxyme{ ycoluril

N,N, Ne¥ @tiaém@tW¥mtw&nglunw§| eyall@mg e«ndeh@emmnmk
I r
Powaljmgﬁgpi st&lcérsg%fi [ nE| ng ag?gnts are comrer-}clﬁ C?ther examples

include meltlatbrbl‘@pylt&tmn@the)&yméthyk@lmmlumleandj nder the trademark

metr PGB AR S ter Bt re iS5 avaiatle

undec trasNIKALM O radgeahs froa8ahwa GHemisalqPagegipounds are
f or mguanam ne, acet oguanani ne, nethyl ol benzoguanan ne

or al kyl ether conpound thereof, such as

Othet ahirpRid etadshaa ﬁgéﬁl@'ﬁré‘ ®ommercially available from Cytec
t et ramet ho@%meth benzoguanam ne and

Indugtries,apdrsihetadompeneyikinamd frem Mogsamntg Chemical Co. under the

T —

Such|qwmn@dadmtdﬁfprmBMrmThimesacestagmamnine methylolbenzoguanamme

h t anet hyl ol gel ,
or alf AT L ONpRUTT LRI s 85 ARl o PR AfG REan it no
tetramemoﬂymefm]tbeazamdnarmhb @nwtmmeﬂwdxyh@mw&rfz@guéﬁarﬁfn@r 2,6-

bis(h}ﬂérﬁf(ﬂﬂﬁ 62 F‘ﬂgﬁ %‘ gtlhgglﬁggpgg&@ﬁﬁ?ﬂﬁﬂfﬂel am ne,

hexabut oxyrret hyl mel am ne and
t et ranet hoxynet hyl nel ami ne). Vari ous nel am ne and urea
Othey pagsifie gr@sﬁmagerﬂsu@clude methylolmelamines, such as

hexamethylolmelamine, pentamethylolmelamine, and tetramethylolmelamine as well
as etherified amino resins, for example alkoxylated melamine resins (for example,
hexamethoxymethyimelamine, pentamethoxymethylmelamine,
hexaethoxymethylmelamine, 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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avai |l abl e under the N kal acs (Sanwa Chem cal Co.),
Pl ast opal (BASF AG, or Maprenal (Cariant GrbH)
tradenanes. 30 12 WD 2007/052132 PCT/[B20(1 0003074
WOTHRT/ASAB2 mal aci d generator of the present(iﬁ(\e/g/%%i@on,

when used, is a conpound which, when heated to
tenperatures greater than 90 C. and | ess than 2500 C.,
generates an acid. The acid, together with the
crosslinker, crosslinks the polyner. The

The themnal abidegnnevaeto:f oflthe afasent inwantian; whenwaed e ee@Ewpound

e

genetah!@?c ah hgu:di Tiee deidclogeitier with ¢tk trosslimikges ctdsslimitsahe pelymﬂr
Prefera

The agtetieciu fin i heALreatmsny basohagmevabie f 1 RCeAei et
for cdlftlﬁ?%h@ r¥sigit, élrﬁﬂu@nerﬁ’ﬂﬁe igRldor |ﬁ§él@l§1éIln/mefallkaﬂmasieveloper
for a sufficient gt ime to crossli.nk
usedii énmthﬁr@wtor@@nﬁreégraw, ﬂ}?e?"ﬁﬁva'a?&l%g YeRaphEAcivated at
90° C'bréﬁHW(?re [ﬂyﬁatnﬁo°b rﬁﬁneé{/én%or‘érbréfé‘r&ﬁil F190PQC. The

enzoi n tosy at'es

antirefiectiyefila igineaiseidpr @ pyifigient lengthiaf tige taergsslinis therGogig.-
I

cuarods e A PUBRUE AR R4 i G S

benzbiortosllatps i a@aébmmmrapﬁbj S@tﬂazhie@# 6-trione, 2,4,4,6-

el AR R AR B G AR o

toluedegutfona%bt bergyli prohenestitorates, cmlbhe)dyydr oxy phenol i c

visoSPBSRE ek e e SRR B Bne i B ape. .4

di azo%a?htﬂ\bﬂuhbﬁ@ @B of rﬁ@lﬁw’c&b@ pHermnt: bomomydis nitepeaky;
rob enzy benzenesul fonates s

tosylatess sushrasmsbitfpperzyhiosy i @z@-pmltro%enzﬁ tosylate, 2,6-dinitrobenzyl
tosyldteC Al RiHRARATOZRAL i éhzyPBortzehbs ilomatee Baich 15 26-

i trobenzyl Itro benzenesu onat e; f enol
triﬂucygmfemyéﬁg\ﬂggq@zyﬂ 4selierohenzanasyifonpte, as tnﬂuoromethyl -6-

nitrogeg\ngfe.%f@egg&amfe%% h@rg%\gghlf&na?é‘ b&@ﬁqcﬁ% pradwh

oric aci S esters er ary
methanybemzeyesmisnmesamnarsulimamndes, ajkyl and anil @hgwhablmaﬁlds

coeBShoBiEb B3 AR BSHRNETR AL D LIS AT

as daRicdibepayiswiohiuvvatriethylammeogiemesait (DDBSA:E&N) eCompeumds that
aci d erators are preferred qver freﬁ aci ds,
genergte ﬂnlﬁaé:gl{ lg:tqno%ctl S/Jrh@r&gener ly 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
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25 be used, in the novel antireflective conposition,
since it is possible that over time the shelf

stability of the antireflective solution w lplThBg2006/003074
WOAPEEPEE by the presence of the acid, if the polymer
were to crosslink in solution. Therrral acid generators
are only activated when the antireflective filmis
heated on the substrate. 30 Typically a thernmal acid
generator is present in an antireflective conposition
7.0 péi‘cerﬁ ngmtdf #d m’al of tHerdryncaimpaner@is b the0senprosiiion; akg more

prefgg@l%/fm§ ou ot % L Owggﬁ%fptht gf é‘ne tgl;aé éﬁ{h 5o 4% Cﬂ onents of

thegdﬁg)gsﬂml_ of the dry conponents of the conposition,
and nore preferably fromabout 0.1 to 5.0 percent
wei ght of the total of the dry conponents of the

The g&maeé h&?&’tﬂh@r éé IyFh (zE iQFESPhY %ﬁ? of fHe miswmwmatmeam €N

nown in the art for polynerizing
polymenylhgwmwlaeis'merswnh 88, ionig o7 #eg ragicalPolaperizafion. The

polyﬁ‘%k%ﬁ@%{k?eaﬁo'rrﬂpg gEH %{e ecBﬂ'{gY; F’élféiﬁ I BlokR Bf‘%dSﬁf‘ be

rna ran om copol yners.
copJVmemeTgbMeigtﬁmgﬁagenh@emlatrwelghwtth@potyn@rps@ngﬁmfrom about

soo BT OB b0 b BB oo AR ogRep] S

pref@iadfyareh lapolir 2,00akpabol? AOMOOt 0 about 40, 000. The
nmonomer s can be polynerized in an organic solvent,
where the solvent is the sane as the casting solvent

The%oﬁd?n‘?era%h 15 paifrhéivRdGR ahlcmanupe@memta%yrqomemhenels the

gl ycol nononet hyl etheracetate EﬁﬁpF’Yp veol
samg| 92D CABRDBRVGHH o6 MAATTESIEVEYS Gpatings PIslePb RtbWRe olyco
riRAStRR leti (PGMIE) or
mon%tﬁ}ﬂ%‘ili\é%g%@%ﬁ%a\\?llgﬂpp suit é?zccgment igsﬁ m xt(ur es )
ethybfackdévents. Ot her conponents nay be added to enhance
the performance of the coating, e.g. nononeric,
pol ynmeric and/or a m xture 20 of nononeric and
Themdayln@ bompdsﬂeen cbmprsesathe plobyinssr of the instant iyentionyand a

esi on not.er t
suitg Sghvonfrcrndres pEP IR b o N MR el
enhaﬁée thelerfpeahed bpllheQi)aﬁriig: e trhdrefrhentd, polymeriatanddpr @amixture
be optim zed for a cer}al
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

25 wavel ength or range of wavel engths by the suitable
choi ce of substituents on the dye functionality.
Usi ng substituents that are el ectron-w thdr gwrig2006/003074
““bﬂ@%@?ﬁﬂ donating generally shifts the absorption
wavel ength to | onger or shorter wavel engths
respectively. In addition, the solubility of the
antireflective polymer in a particularly preferred
| vent can be aqh@?ted by the a g lﬁ@éate choi ce of
The aalygen of dbn AatiGHoETHE Coatng GpReH B dy thesange of about
1% & &lduk &%@9% §WéghtT&%ombM e Slack (RigHT L6 1< @ffehtént on

coat Ing CO osit nits resent i n the range of
the mioleeuiay vwm@iuttofztlm@/pdymeoaad thediligHhiclnessoofibe @natmmteswed

T3S 8y 45 YRR Oy DBt g

moncnmethyl rejhe*e(ﬂGMEl) prd'gminneeglycxﬂ) momotrethyl etitbracetaiexXPGMSA),

ety i Brenypesiingh e sleh ot S aBY TE B bfdinat,
exariid) fhﬁéiﬁﬁtzahﬁdrbm)tyratwhhd lgatniea bﬁl?rol@t}tﬁh@r&ﬂ%m@mﬂh a

cycl ohe anone i spbutyric acjd esters,
loweicdkaiin o OXEADIERaSYD 83 SOLPURED ORRteg Bingenerall
prefefi@byr ol actone. Solvents with a |[ower degree of
toxicity, and good coating and solubility properties
are generally preferred. 10 Since the antireflective
. " I
e e e R R T
dry efahingfit iseivisioneat that theiimis e suffipientlyJew metal ipn ieveland purity
I re
that thQ @?og ﬁgerégéfﬁﬂs %@?éqnagc&i‘ﬁer\g«g{’bl% rﬂg%gihlg{?e Sé%’{)e%ﬁesoﬁng .
Treamménm suoh as paésmgpa Isplution bhihe pgtyrzer thaugkertian gactidhge

coluR ot e oITABRAY PR AR Eaiat SErRE e JUELN A

extrauﬁcgdpxb@ef,@?wae ubed eoreacs th‘éltddm?ﬁtﬁ“atmh: @rl mel@nﬁ)néladd t®
uce partl es on tevels LN
fedu‘E?eP%mP'S Wi @&dﬁvelﬁtrhihew@m% oSy ?@@P B\Rﬁ/%' #Bb

prefeg{eg ; lgﬁrlb\ﬁ 10 @@&k%o%eﬁ%e@‘ﬁn@ BRI 3Tpb 8 BVER Irore
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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The antireflective coating conposition is coated on

tEelfugstrate usi ng techni ques well known to those

skilled in the art, such as dipping, spin c HBE06003074
WOMPEGRRE. The filmthickness of t%e agtire?ﬁgg??xe

coating typically ranges fromabout 0.01 m (mcron)

to about 1 gm (mcron). Thicker coatings, especially

up to 10 m(mcrons), 25 can also be used if

necessary, especially for planarization of substrates

Therdiatditwd igpeg bBpHvioresise compbsiiians, sefativeheorkingaaretpasitive-
hot plate or. convecti on oven

workifgy oD nesaty s wOHGHH BEMPISET cBPPRITS B dPhoRed LdeE wise

to raeuﬁﬁén? %@M@astd? ﬂmeaa@bist ebmpésitioteexpdset ¢a thedadanipndiecoine
ypes used e 30 seniconductor indystr VSP

less S0P 06 A TiEye 0T SN FTASS BT ACHoR R%Cl{f%)p‘eée lig e

unengQécpél%éb S tr%%m&’e&s%@atln@@gﬁbanr%tdﬁVélly's@ﬁjb@é‘fb such a

Ive- When negati ve-wor ki ng phot or esi st
soluttamibbig$, tiieairpeniras ae@@ge@d nmjwew@@ngt@ﬁt&wﬂa@ idgMelopere

caus%gﬁ?rﬁg&ag ﬁ)“ E]ee r{o%sé 0s&d 3R ucgltﬁé‘ cBQtlﬁd:Snd the

econe €SS SO evel oper sol ution
creafien ¢f.a negatlvesmnagmkl thg coeting. |Td)\eremldmc@)/emg # @esined portion of

e SRR S8 SyPlee B oG8 Bl B

depdsité@t ment of an exposed negati ve-working resist with a
devel oper causes renoval of the non-exposed areas of
the photoresist coating and the creation of a

On tﬁ‘@ Bfet H&ndl TR pdsithBewERigl torérﬁlgtf &ipasitméetre kgpdsed
desired portion of the un er%é %substrate surface

imagenwishiie Fadiationp ose Beeasel the AB [FOosHign &éBB%‘?‘f todhe
raduﬁ%ntd%oﬁ%nﬁéremle W@ QelopbVoid H((}e@ Rafangshent

nposI Itions are exp OSG I mage-w se 10 radi ati on,

reactmnmeecms)e\wsledhosmerq@mob exmsgd remaporelatively iasqldle do the
devegcgﬁ?ebr @lﬂ ﬁ“rr&l% RESRTEN TPLE oRO njgéé?ilg)ﬁor eR/el\:V@rkﬁjlg‘c’rﬂo?&@élst with

a rearrangemnen action urs
the dwelc@et tasesacmasalul thegxmsed areamdfithe epaling/and the creation

| ubl e t.o the | ut
o Pl B 8 e VB e Bt el Borh PR
und%mbe@umefmval of the exposed areas of the
coating and the creation of a positive imge in the

phot oresi st coating. Again, a desired portion of the
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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underlying surface is uncovered. 20 Positive worKking
phot oresi st conpositions are currently favored over

negat i wor ki ng resi sts because the fornerpcaapesoaiodinr4
Won%fgggsﬁgﬁt er resolution capabilities. Photoresist

resolution is defined as the snmallest feature which
the resist conposition can transfer fromthe
photomask to the substrate with a high degree of inmage
edge 25 acuity after exposure and devel opnent. |In many
manuf acturing applications today, resist resolution

Posit& Oa%cﬂﬁ%g)hgt%ies%ts Csﬁﬁﬁg'pag’]‘)&g@é %o%ésf)?%(ghg npﬁgt%%%ﬁfé/ I'n
compd:&mdé ap @tiotmholr]]\m m:kx)pctundaldre pretifkinbera it thenard rNavelaki reains are
| ati,ve t.0 the subs

e
typicqfu et B ot ceBea I Hlaltenyg Aod iR ko B RS SR ed
phenbl%am&hégﬁesieﬁ%é’ oflﬁt@ amatoattawétt; w@hég @it ecido Phbtoactivs k
onto e S rate | S Ven nore
comp@Hn3$ am g%eraliveohi@m@é dﬁ%ﬁtwgrﬂwa&tﬁﬁ wg'?nefp fpRRINdSs
with ﬁ gt u‘irﬁcﬁ@' dis2iiBSHE BB tHRYr dwathRs. FRE sendifivifRf these types
052132 PCT/ 1B2006/ 003074 Positive-acting

of reqmetlmi@sllwa@ge,sdm OPHBHLIDIta4P&8.ns and
qui none-di azi de conpounds as photoactive conpounds
are well known in the art. Novol ak resins are

High reguidioinl, ghemicdicaplifiedc deele nltianiplet ¢ 0RxBAR hy gositive end

negafffe [ rerkais 418 pVA L fon oA Cimddes WiE BHE B fiarer
mlcrdmgﬁtm?]é’tdés arrerg amleﬂmi nytjod Uba% nkchvinjetr(@gadxpogure technologies
TR A S T I A

that érhi@?@héﬁﬁ?ﬁaﬁ 248fnnfi 8AH 308 rﬁryrﬁmmys oBA@ADHotaEBRAIE given
00 nmto 440 nm 10 Hi resol uti on, chenjcall
%dél &@ and

in th%@ﬂPWﬁQ&Pterﬁééﬁd incorraratsddiergindyy.rstrienany, Usesiat
4,491 S?z?tu %€ PaP Mo. W@ﬁ Elefi‘)sgﬁ% FPGB B 71 @ Photoresists for

erning i magés Wt ss than quarter mcron
248 ryedmwe tyrically bieen dased on wubsiitjited polybydimystytans and ituv)
Y, I t
conoR 0 AHFEMRPHAR ot b P Bt Bl .
aromhtiapolqmdrs rsiriecdromaties a@®idagueat thQ. 9avalengiix Sepeeslyof

alicyle RSB S 4 acgBncteli S taf Rolihards eordetielflen
resistate |89 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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4,491,628, U S. Pat. No. 5,350,660, EP 794458 and GB

2320718. Photoresists for 248 nm have typically been

bas substituted pol yhydroxystyrene and pdi$iB2006/003074
“K%%B§&Vﬁgr On the other hand, photoresists for 193 nm
exposure require non- aronatic pol ynmers, since
aromatics are opaque at this wavel ength. Generally, 20
alicyclic hydr ocar bons are incorporated into the

yner to replace the etch si st ance | ost

b .
planag haﬁrerrappar@pmﬁ o basraRies, Therrelesies) "Rpge o-{ernRE e 8 from
abouf¥0d @& EboUrBRP &) Btdisrabliardif hbsat 160 d chéBdLﬂ Qoo° % If the

substrate becones increasingly detrimental
tempeiatureds bplove7 PG faeminsuidicient o %ﬁ@lr/emtéwesufﬁcrent degree of

rnsolJﬂ?ﬁz{aﬁéﬁ gﬁbesiﬁlaééjﬁﬁf‘ "Y@Mﬁle?e@%‘eg%bo@@ bEhet! tﬁ§ bﬂf{gner may

one ¢ritica rocess o
becomre&ﬂmmrcalry\mstabdm maraxaeirterrmpertusﬁe’@ beoagechig datermined by the

Ssubstr t | t fl t.i i
specii ARBIRIBA T oS pPRSEHs T bl fuhgT SR Rtpp o the
anti rererMea&o?m;gwfrfdl tiaked td suttst;gﬁaﬂy rme?m tlreqor}‘omsresisf édurzérgnThe
t (0] | or ve cQatl n SOl vV raer
photqrSISh IS dnags os EXePE I ARSI ST UL DOVSIPRRI IO 0 g
remo@é thitPlredted 36siE AR %Fﬂ@r‘reﬂ hthrﬁ@@teFQﬁh' HROinESHhBEIEd Pifo tHee

photoresi st or in the aqueous alkaline devel gper.
procegsriento devalenmentangaiien expesUR: Hia PiRgesHel GRating agdch

magﬁ"rp g#g&?r@ﬁrgﬁ% wRll knovd thHo%Q QK fiea ?r?-ﬁr% eﬁ%ﬁ& fﬁer r e@)”he

ave topography or have
Specrflartrgre offresighypsadal be paitemnped snbsteaje s thﬁocﬁrrcetqbledbﬁm ebing

e X
may G GBI ¥ SRR B8 Shet B e B exired pibng Bfine
antrrakebtmmlllnn erihrtherférharhmgtpmt@eeret adtingi ensa)‘l ertbhlmasﬂxt Optional
pl ac at above 2 t he )

neatip3 K 5 A fo Skt h SBBIRR LY FTbGsre. VarbUS sicting
techrii QUSRI 1B the aRenaisisslused. det ermined by the specific

application. Afilmof a photosensrtrve material is

then coated on top of the antireflective coating and

The Jbﬂé?&ro‘h a?rﬂﬁﬁe'r"ﬂﬁ | Alihe/ nbRITBY S BQ@ORW%Q%F&%bé&'O’ ¢rd -
photor esi st is inmugew se exposed ‘and devel oped in

abOUbih anwée“@blydéqre labpir0.1%10 akauhPe/ as Maasupdadpsingellipsomery.
The r%ﬂhbtﬂfé%hd@z?grf)'o{ﬁ% dée f%ﬂv@?o%@é%ﬁ&é;ﬁﬁnrkéﬁ th%h‘%ﬂr?k

rocess pri Vel opren er 'exposure
valuqsrawet&scaiéulatedtusm@ ameilrpsometer 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
k is 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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i magi ng photoresists is well known to those skilled in
the art and is optimzed for the specific type of
resi st used. The patterned substrate is the T82006/003074
WORRHEQ32The etching may be carried out in gcgﬁFtable
etch chanber to renove the exposed portions of the
antireflective film with the remaining photoresi st
acting as an etch nask. Optional 15 heating steps may

expoBRTBHHHS AT HAITEE AoRR- O ihS R eARe N reipens asdal fine
phot&HBSiet, Eb?%tl@ﬁ%ﬁ%bt%hsﬁ&@of@ﬁe Ed?ﬁar@bkﬁton@ @Bﬁgggg éuﬁtl‘optical

ranges fromabout 0.1 to about 0, from
charamenﬂtlc@ of thet subsiyatgt Since the baiiem @p@(ﬁfl@gﬁl\@coatmg must be

remo%{i b? %?(EE%LE% and?u%vglldﬁm%ﬁ{ ét@ § Mg okﬁﬁﬁﬁe@m tP%ie(néé’sqs

've coa 'S a So o n and
deteviihetbby awoiding tha bpunadmedemwhn@ raamllght labpeipiien @rpresemrn the
. .he J... A Wollam WASE VU 302 TM El |i psoneter.
antw%lsegh\ée(g%qtlr\gal ues of the optimumranges for k and n are
dependent on the exposure wavel ength used and the type

. of atlon T icall for 193.nm the ferr
An inferrgatats fayer Sy 1P S Bdiwerd ineaarRIRANE BrirEiicie
photén@glgﬁof&évé’rﬁ uKterrﬁlx land B é?w&orﬁiddasf I9rng3ﬁﬁ1|mmetd¢©pe of this
preferred eis fromo. . Tethlcikness

inveriios. TR INtemasate (ayeE 5o HigtPoDraRIccash B VT CRARIGs
exan‘cﬁleétﬁ!’g aﬁﬁ\}fﬁé@%’é BolyStifonerf fiiiiflidest he film thickness

ectlve coating 1s less than the val ue
of (wavel ength of exposure/refractive index), and

AnotEB mﬂﬁg?ésesf t?\hf"rélﬂ)(uréé aib%tterf\sc%ag haBn tagq e BAL Ut pr s t)

eng exposure nes re ractive In
inventioar B drieewhererthe photes@tsitivedayeri cantbreasilytafted t@eproduce an efch

oo LA NPoTREbATE BOR, SR SRR o

coatmgtg?;%%tjztﬁl?wg’t_? ?gigtotgg\/ %%é gerng tive nehpbsitiom of the pl\&ent
74
inverriaPy (RETHA PHACSESTOR RYR! BRYEATCEYIRbBgans AP Ginpsitive

|ayet0§n;1|éi gtﬁ&%m&s%ngﬁwe #Hyepwvith afmpphedrts silylatingeryent, ahbe
bottom coatings, and optical _characteristi %s

etchlog tmmbom SopbpgEng merﬁilwat%ofm@s%wwﬁﬂmaa? PE& MK T
conc%p%f' glguaﬂyms Ig%wrft%r{ﬁ?ls‘;ﬁj?@édqﬁ maﬁ%na@dgef@ba RiBRt

mum fi I ckness 1s 5 determ ned by
referancs, ebgld atealoeﬂa; ¥ol. 18623 spagesag8ri3 T, .1§ao Hissphgieresist to

be s;'lﬁat@d ?ssc?&tlgnéd, taE %noﬁmr\ {h%féré ) b¥ %ng%%béﬂlg 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

interm xing, and is envisioned as |ying w t ich/Biv86/003074

WOBHE2b2 this 10 invention. The internediate layer is

an inert polynmer cast froma solvent, where exanples

of the polynmer are pol ysul fone and pol yi m des. Anot her

process that requires a bottom coat, such as the one

of the present invention, is one where the '
middjehayerse abouti 3021 SpmrthicknT heeadvanjagesad theotritavsd irsistan

procegﬁt?ﬁﬁ |gél§g%3ég l‘zetc@géd PERSd afsﬁéct%ﬁcgg; gl% Ct]ﬁ@ Shiiff foQBecoat -

Aprises rornin oating on a
conventivsial ait witrathih photuoesisisrathat thasisiligonteontainipg and hperophobic

. the present . invention,.formng, a. t gsensitiwe ..
(ieyef 5B lgninbmaemrigpaiosEr oo B i EEE e etimu
thickh@ssedontrdi foy tad infa@irid) infasking) ase aaii-réfleetivalsger; sintitfelan
) appropriate silylatin agen[?,t and etchin he bottom
lmpr@\@a!tde\ﬁm-ﬁtgfos:ﬁ%@OF%I&%%H]%‘H V@é@ﬂ%‘?f?iav -refirgyiie gaatings are
desi K b@hﬁgﬂf RABRARG. Of silylation is known to those

dg%al ?ed I R

e art and is described in the reference,
Sebald et al, SPIE, Vol. 1262, pages 528-537, 1990.

The {Hl5wR SpBERE ERAmbRs AR pRVIH dUh & d iffutaRbAS BFinedRet DAy of
I'n re, torB one gapaleo S|l|'ylat|on. I't has
prodbeieg and utiizingheampdsitidnstaf tine presenionveniion. Thessmexasmples are

.especially well:suyi ' A '
ot i3, Rowbedt s Bl ot sl s e AR oBUd d tonc
shouldeotbeaestruéd us ptoviding sondidns, pammetetsrorhvajuss which must
l.ications. For exanmple, in 193-nm exposures, the
be Uﬂ%ﬁ §& Pﬁ“’?‘bfd'ﬂjefq%& 19 9@%‘&? fhe W&%@qﬂ%‘{?&ﬁf’ﬁ- 270- 350 nm
of resist on 32-80 nmof bottomanti-reflective
coating--so-called single |ayer processing. For
Exarnples i antirgiipative Jermyiations WQP@%@Q apeff ﬁf@éh@g%éfﬂsm are shown
belofy- 150-200 nm 30 are much less than for single layer
applications, resulting in | ow aspect ratio |ines.
The trilayer bottomanti-reflective coating instead is

t - ' 52132
EXW@»@%&J%%&?%@&B%WW '?é?@?gégﬁr?@gﬁ@u@%ﬁgls nm
tetra{rhetblxymiéibylglyeobtriges of the tril ayer resist

processi ng include: (a) reduced resist aspect ratios;
(b) the ability to use conventional or ultra-thin

20.0ﬁbg?glyﬁgglisdléoﬁoﬁbb%tyréh@mopblyhm fAlcieioh,aViwi 2K atipicalcohol 33
mol %), 10.89 N,N,T\l,N-tetra(methoxymethyl)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 10000ml 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:Et3N), and 40.0g 70/30 ArF-
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(bilayer) resists; (c) mnimzed interaction of resist
with the substrate; (d) optinmum 5 thickness control
I magi ng, masking, and anti-refl ecti vect/ae66/003074
W(g%)gw%ge}?n i nproved dept h-of -focus (DOF) since the
trilayer bottomanti-reflective coatings are designed
to be highly planarizing. The follow ng specific

exanpl es w | I provi de detailed illustrations of the
nmet hods of pr oduci n%m;nd utilizing conpositions of
thinner A% Elesianici M@féﬁaisdpﬁSA B¢ Were apnbinedrand rated overnlght ina

pl ast'nﬂ&ﬁpéj & tﬁ&‘éﬁé@%@g rt]ﬁ r%wgh B é#éﬁ’ be%ﬁﬁcgb ‘ﬁf’ter‘sﬂ Spirf ‘ﬁn

I nventi o not D& COAStr
followsd py bakidg ag26©‘1€blfdr|6@rmacopds msatted & afiny Hab esuldtriot be

remfiDatof Sodf S-Sl B Frebuealy R seme B e ) °
befofecdrildfedrisonkingo r‘vt.aaautablengqgkla:e spbatﬁt_r@s“c@p&i [ElpsongetsresT 81 @hiethe
eactl on

. sh bel ow. le 1. f Pal [yl
Opr@Fg%?ﬁglﬁgtg\@?l\évg?fExéﬁ t 1§ptrﬁn Naﬁl,1l\§1l\?n‘§) the gbs%?&%ory parameter “k”
was bl a( met hoxynet hyl ) gl ycoluril 20 20. Qg of poly(allyl

al cohol - co-styrene) copolynmer (Al drich, Mv 2K, allyl
al cohol 33 not %, 10.6

Exafmblglzi3 g/bg{g%%(w g‘W%Q“?Jeﬁ@’PH&“%‘%’%Fﬁ%ﬁ‘gséﬁ‘%n. C

metmtywte)ﬁdabbreyl‘e)tedhlﬁj 1559 tetrahydrofuran (THF) was
stirred at roomtenperature for 5 days. The reaction
product was precipitated by 25 pouring the sol ution

83. Zg of berizyD@@ﬂidcrylatet 25]8gd)f \h@deyemgznaemaed/Iém feacuatio of

benzy|mekBEniRa ey et hmehetpiatge B/ A S b SormhtE ng 2gi&lBN
were(éaﬁ%lv‘led’% ﬂfa@@%’rdﬁo a EN@[IHB BoomAldisk! Fhd %btldr?wlas refluxed

ormul atjon 30 1.0g of functionalized pol y(all

for 1RINAGST N8ty Aldle0aliag; the pobymervanlesoyered by Ryecipitation

m
o R o T P o RO P Bovpss g
prodecer inB2IRDE7eld7 Mw +IF0K(EPQ APSHitandardni ¢ Materi al s
USA Corp.) were conbined and rolled overnight in a
pl astic bottle and then passed through 0.21tm PTFE

Examppled f Reaetion ofSiBwithalN N, NgN-tetra(methoxymethyl)glycoluril

7.2g of the polymer from Example 3, 3.6g N,N,N,N-tetra(methoxymethyl)glycoluril
(Powderlink 1174, Cytec Industries), 0.0549 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, 0.01g dodecylbenzylsulfonium

triethylammonium salt (DDBSA:E3N), and 40g 70/30 ArF-thinner (AZ Electronic
Materials USA Corp.) were combined and rolled overnight in a plastic botile and then

21



foll owed by baking at 2000C for 60 seconds resulted in
a filmthat could not be renoved after soaking in
ArF-thinpner and mai ntain the sanme fil mthi ckass2606/603074
WazgY %Fg and after soaking. Variable Angle
Spectroscopic Elipsoneter FT 41 nm the optim zed
reflective index "n" at 193 nmwas 1.81 and the
absorption paraneter "k" was 0.76. Exanple 3.

nt hesi s (hydr oxyet hyl net hy
passerl PFaliohy0 an. IDE S SRIE IS (Sa ARt pliawsd by bakieg Rh2GRC
for 6‘!@&(’@% %5 Me HE TR R BRI Bl FemBUe NGl gonidng in ArF-
thinneraaridaroaipkain mmmew udiigrie amltai@c soaling. VargieBnhgle500mL

Specp St EoMar P T0FnE P asy Rabtle RiEhr 2t Todpi!

was 1186 and traeabsurptiarggaramstdreék” wao0indg, t he poI ynmer was
recovered by precipitation into 41 of hexane,
filtered and dried in a vacuum desi ccator. The pol yner
was produced in a 98.5%yield. Mv = 30K (GPC / PS
standard). Exanple 4 Reaction of HB with
N, N, N, N-t etra(nmet hoxynmet hyl ) gl ycoluril 20 7.2g of the
pol ynmer from Exanple 3, 3.6g
N, N, N, N-t et ra( met hoxynet hyl ) gl ycoluril (Powderli nk
1174, Cytec Industries), 0.054g of p-toluenesulfonic
acid (Aldrich), and 56g THE 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 25 afford 6.7 g of
white powdery resin. Mv = 34K (GPC / PS standard).
Exanple 5. Antireflective formulation 1.0g of
functionalized HB resin from Exanple 4, 0.01 ¢
dodecyl benzyl sul fonium 30 triethyl ammoni um salt
( DDBSA: Et 3N), and 40g 70/ 30 ArF-thinner (AZ Electronic
Materials USA Corp.) were conbined and roll ed
overnight in a plastic bottle and then 21 WO
2007/ 052132 PCT/ 1B2006/ 003074 passed through 0.2m
PTFE pore filters. Spin casting followed by baking at
200C for 60 seconds resulted in a filmthat could not
be renoved after soaking in ArF-
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thinner and maintain the sane FT before and after
soaki ng. Variable Angle Spectroscopic Elipsoneter FT
the optim zed reflective index "n" at pkSABN003074
WQ/\%?Q” 288 and the absorption paraneter "W was 0. 76.
22 WD 2007/ 052132 PCT/ 1 B2006/ 003074 CLAIMS 1. A
pol ymer conprising a first repeat unit derived from an
ethylenically wunsaturated conpound containing a
endant active hydrogen and a second repeat 5 unit
GL '&l"ﬁ ch is copolynerizable with the first repeat unit,
with at least 10 nol % of the pendant active hydrogen
in the polynmer being replaced with an am nopl ast,
1. wAdralymer Qmﬁprmmg/ﬁélrst s@efat umbsignveﬂ@ommthwen@aw
f
unsaﬁ:?é‘rg& tcf)f?\g)%uné cg@t{é %ar{]ﬂ g ﬁ\éégh\{rjﬂrrﬁpw %8 L"sebbifd repeat
unit wmchmlmbpbgydmnzabhenmth ihe [fiestirgmedt anitpiiie At ast Hsmok% of the

u m ne- for de [ e I NS, for
pendB RS PARORE I IR TRuES T EPiAckt wifL 5 g erBin
the p6llymiersali-ohussihis dritier asidicaiondiionss a
glycoluril-formal dehyde resin. 15 4. The pol yner of

claim3 wherein the am noplast is a
2. 9 fmg %Wmérdf @rarml 1d\ﬁﬁé/|€ﬁ| thé ptiRoAst .s §e§8ie%mcﬁﬁ| lgfyb@lﬂihl-
(_? ycoluril, ycoluril, eth gl ycol uri
formg @thgﬁygqslaﬁyn@[anym@?qr@aq?hyqie resins, enzoguanamlne-
I
formél&%ﬂrya% oxy ﬁgﬁ%ﬁ%%? ré’éi&, and derivatives thereof.
tetra(n-propoxynet hyl)glycoluril, tetra(i 20

t ;‘ﬁ? ?(SW %ﬁ%yﬁ\%%'n the |arr}|nﬁ)pla§t is & ag(l)(colunl-formaldehyde

resinbut oxynet hyl ) gl ycol uri |,
tetra(i sobut oxynet hyl )gI ycol uril,

met hyl propyl t et ramet hoxynet hyl gl ycoluril, and
4, werhbwomm%ftcﬁirhamhé\@mtahﬁhoplaém@l gwadmmi&rﬁfaldeﬁyae
ynmer of claim4 wherein the glycoluril-forml dehyde
res'nraé'g|'%S$'§Cteﬂém9%?'%&VI?@'%MWIVFO@W @yl glyepluril, 6. The

tetratR/R | uRNRt{(metndkjRethyh§ycolfi ch further
tetra(ethoxymfat%syl)%gliiﬁﬁls tetra%n -propoxymethyl)glycoluril, tetra(i-
propoxymethyl)glycoluril, tetra(n-butoxymethyl)glycoluril, tetra(t-
butoxymethyt)glycoluril, tetra(isobutoxymethyl)glycoluril,
methylpropyltetramethoxymethyl 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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unit with an absorbi ng chronophore. 30 23 WO
2007/ 052132 PCT/ 1B2006/ 003074 7. The polyner of claim
6 wherein the unit with an absorbing chrono 182008/003074
qugwosszzst repeat unit. 8. The pol yner of c?gﬁva
wherein the unit with an absorbing chronophore is the
5 second repeat unit. 9. The polymer of claim®6
wherein the unit with an absorbing chronophore is

nejther the fj eat _unif nor t second repeat .
e Pohgier ! olATE By AR g ik P AOnan g C RGeS the
first répeft @nithe chronmophore is selected from conmpounds

cont ai ni ng hydrocarbon aromatic rings, substituted and
unsubsti t ut ed phenyl, substituted and unsubstituted

a [ : ,
8. CThapBFor oF L RE Lok AR e BRI s the
seconthigpeahignibst i t uted heterocyclic aromatic rings

contai ni ng heteroatons sel ected from 15 oxygen,

nitrogen, sulfur, or conbinations thereof. 11. The use

9. offha pplymaref ckaio Grwtiergintibe anii withearodbsolriaingrshrbraphbee isn
| n tive coating conpposition. 20 12. An
nelthqﬁpfzﬁsi{?%eatlu\p negh %?508%?9&&9%@-n conprising (i) a
pol ymer of any one of <clains 1 to 10 and (ii) a
sQ|] v 13.. The conpposition_of cla 2 which further
o She PPlins & ahions o Beres b §aacHafis the sBromaphare elatied
from &&h?&ﬂfdé‘ d&\taﬂﬁmg 'I‘??Ql%cﬁfboﬁ a?@:'ﬁﬁhé fh§s, SOBRftLRUHhd @)
coa rate with the conEosHlon of claim
it

unsubsiityed pgenyj) sq@ﬁ@%amm@ng@gﬂm@ antheacyl, sdystityipd and
unsubtfibd ghé?&ﬂﬁéﬂ @qféﬁtggzsuh égpg{ﬁgbgﬁuéh rithith), BpGRuielnd
unsulstiguies hetasocyslie Rramatisl ingsroontaining bteroatoms cwelectas from

: ' - WM. Se. i ng the photoresi st
oxygééggitlo%%p, gg"fdd’e@eﬁ' Eﬁﬁ'ﬁdﬁ"’i‘% tﬁ%ﬁg@ usi ng an aqueous
al kal i ne
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 (ii) 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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24 WD 2007/ 052132 PCT/ 1B2006/ 003074 devel oper; Q)
optionally, heating the substrate prior to and after

ey and h) dry etching the conposigdim26b/003074
W%%ogﬁbsgfﬂew The process of claim14, where the
phot oresi st conprises a non-aromatic 5 polyner, a
phot oacti ve conpound and a photoresist solvent. 16.
The process of claim 14, vvhere t he phot or esi st
npri ses an aronatic a phot oactive conpound

devekq@@r &) prHepallys heatingdhe éﬁbstrafe piipr torang Piescisyslopmeatiyand h)
dry eg{}ﬁf,eg){he%o%é&,t,’bﬁ &fgtel)q) where the coating in a) is

t'enper at ur greater than 90 C. 25

15. The process of claim 14, where the photoresist comprises a non-aromatic

polymer, a photoactive compound and a photoresist solvent.

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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