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ANTI - REFLECTI VE COATI NG 5 BACKGROUND OF THE | NVENTI ON
The present invention relates to novel polyners and
their use in antirefiective coating conpositions in
reduci ng outgassi ng. 10 Photoresi st conpositions are
used in mcrolithography processes for making
mniaturized el ectronic conponents such as in the
fabrication of conputer chips and integrated
circuits. Cenerally, in these processes, a thin
coating of filmof a photoresist conposition is first
applied to a substrate material, such as silicon
wafers wused for nmaking integrated circuits. The
coated substrate is then baked to evaporate 15 any
solvent in the phNTIRESHFIHCTOVEIBOATINGS and to fix the
coating onto the substrate. The baked coated surface
of the substrate is next subjected to an inage-w se
BADKGQROURD OF B9E atveTION s radi ati on exposure causes
a chemcal transformation in the exposed areas of 20
the coated surface. Visible light, ultraviolet (U

Thelig@&dent mveﬁﬁdr%lda@@m rfwdl a&wrﬁyrs arnadhanhs@m%nﬁref@eme
radi ati on pes conmonl us t od ay in

°°ﬂ'i"lﬂ?ﬂ'§‘ﬁ‘ﬁ8@“§b’hf%’”°'ﬂ9&é‘ %‘Qg After this inmage-w se
exposure, the coated substrate is treated with a
devel oper solution to dissolve and renove elther t he

Pholiesist cOMRORHione areorsedhi migrRRperaghy RYagsEses iof making

mlﬁlﬁﬁIriQéG %le%ironla 2ohipBnérite BAcH Y\RArtHe féd?i%a!'@)rﬂd)ftdoﬂfﬂu@tdh% and
senmi. conduct or devices has led t e us

'"t%rﬁFﬁds‘t'fcb'ﬁﬁ deenailty; indDete Ripeesses: @ H“M%t@srﬂ!?"m ofa

phgtofréélét% tp%gme}ﬁ Mbt@é@ﬂed\td@s%gﬂ&te mamrtal 3UEH ak sMBon wafers
The use .o absorbln antireflective coatij ings in

usgf qudvﬁﬂi"i'ﬂ)@F%qsﬁtyd icycuitss gy Feated sireitats istBery Pales @ﬁV?H@afe
an? rs@hkeﬁm tl‘ié‘ aﬁotbﬁé%ték &oﬁ]ﬁ@m&parhﬁ@mxrtﬁé b&ﬁthfht@fhe' duBBtrate.

rom h |y reflective substrates. Two deleterious

Theraked §o:@;]ed SHH@‘F@ pidhe sERSIRAq I NeXESYRIgGHed [q 3 Image-wise

expOdRE teFRMARnand reflective notching. Thin film1l
Interference results in changes in critical |inew dth

di mensi ons caused by vari ations
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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in the total light intensity in the resist filmas the
t hi ckness of the resist changes. Variations of
linewidth are proportional to the swing ratio (S) and
therefore nust be mnimzed for better linew dth
control. Swing ratio is defined by: 5 S=4(R R2)"'e-a4
where, 10 Rl is the reflectivity at the resist/air or
resist/top coat interface, R2 is the reflectivity at
the resist/substrate interface, a is the resist
opti cal absorption coefficient, and Dis the resist
infeirfleranch iresutte 5 chahges e Etitisat linewidity dinengions waosedby tariations
. [ o | N
mStt?e? oJri g@& {ﬂ'&ﬁ§ Ffiﬂ thd ’Pe%pst Efﬁé?sntfhggfé%géﬁg °?ﬁ‘eér .'éag.ye,t danges.
Varédions ofginelidts \amgropattuonal tRéfd sdng vatio (50 aod theyefosrmostsbe
mﬁtﬂﬁ?&&fo?%e{tgﬁlr%w&tﬂrcﬁﬁfrcﬁtS\#/lﬁgrl)@to lgrdgﬁﬂec?%ﬁr substrates
Ich'’'scatter
l'i ght through the photoreS| st film leading to
1 4pb variations, and in the extreme case, formng
S_r‘gg‘? O%géWI th conplete resist [loss. 20 Oganic
antireflective coatings are usually cured at
whégper atures above 180C. Thus, small nol ecul es tend
t0 sublinme out of the fllmdurlng the cure. Qutgassing
of | ow nol ecul ar wei ght conponents is a problemfor
e :
Rflgtlhé' l%i‘llegtfi/ﬁt}r \é?th%orggléygrson] lgﬁgggt%é c%%ﬁpﬁé@?g,g@)&lghtzﬁ k‘ﬁg&%w at
the residiisoigstrelé irarfddenads thetresistalpticalabsorpdian eoefiCient, and D is
thgygﬂtrﬂ c.nfe.?%i sl odged from surfaces on which they
accunu ) e current invention uses polyners that
are capable of self-crosslinking, which renoves the

ARG cotag Mo RORAEY aFHhfb L BERoR SEEaror skBodnane,
photorasigtpthatris; rechucpng R4, agd meifébys'educﬂpga tte swing ratier Reflective
théh‘.’rﬁB becomes severe as the photoresist is patterned 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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an ethylenically unsaturated conpound containing a
pendant active hydrogen and a 5 second repeat unit
whi ch is copolynerizable with the first repeat unit,
with at least 10 nol % of the pendant active hydrogen
in the polyner being replaced with an am nopl ast,
wherein the polynmer seif-crosslinks under acidic
conditions. The present invention also relates to the
use of the novel polynmer in a solvent to 10 conprise
an antireflective coating conposition. The
SUEMMARYT O THBE/INVENTTIONg can  optionally contain an acid
generator. The polynmer in the antireflective coating
further conprises a repeating unit with an absorbing
Thelpresamp meestionTemtessipeapolyrgestmprisingra firishiepgatamit derived from

or RGN PSR R e 30 i R RER e
se?'dmﬂ Rpestamit wmmistdopolymegzitde with fiteet fist repeﬂrumtewﬁh fableast 10
moldhpl g PERe Tt Bodith g hSumBriahy Rsikbedtlinan,
antinoglaee, winareintthe polymie) seléatossiks hadercgl:idmgomﬂitlcglsep a)

c) formng a coating froma photoresist solution on

the coating of step b); d) heating the photoresist
meﬁédmnmenmmkmmateb to/theasse vet@havel payrnerf inarsdest to

com%lﬁa ﬁlg }anﬁ %efle«gg/g gp%ﬁ%%o%gosﬁloﬂg Tthgeanﬂ Fé?l%gﬁ\fﬁsdoﬂm% can

mage usin
opabnkallylcoetadmhciu generg)oro fihe olyhviey jn memtqu[jecm coating further

f : . .
cobUb A1 Bl 8P b SO g
cobfaiigy) &7 hkddrbihg EthdeEhE’Mﬂ\bél’ tlne fiostespedt unityibatseoond repeat
rel at es YOEr conprising a first repeat unit

ol

U %%d‘ﬁ%‘ﬁl '% r@?ﬁyl eni cally unsaturated conpound

containing a penda_nt active hydrogen and a second
oG oL BT S0P e e
coamnsmg dn)yﬁraﬂg@ thei subshetepmtmm molmpbsngorr ecpﬂomd:ag tw\mehnwmntlon

m nopl ast th cros

b) 3‘8?5(? the §RA "fq % ep a3 %?Dmﬁé 'n?&ven"tl Pon a 'St 482n on
thé ebatingf bRptd)ed)usaating tﬁdimonmeellst qting b swtrst:mtatw veanmdve
so‘v%nt 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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conprise an antireflective coating conposition. The
antireflective coating can optionally contain an acid
generator. The polynmer 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,
the second repeat wunit, or an additional nononer. As
the ethylenicaily unsaturated conmpound of the first
repeat unit, there may be 10 nentioned a pol ynerizabl e
conpound having a pendant active hydrogen Exanpl es

0 g i o e e TR Y SRR B B 4P
comgrye% gﬁ' gntﬁl’@ﬂlédrﬁeé Sodting imoaﬁmsmol:i afvé@amireﬂeod;yd coatingetany |
op Qq%lygprét "rf%bﬁ é rfgﬁatg?/ g_rpgr in tli]]:%// tgﬁfj(ec? ééﬁ&gyfurther
comphyéas'gé ﬁ&?pgtbgmb gml/vgltrﬁaw ?rgs;(cmng lchltoﬁlopﬂb&i mnf; wpgeraghg onit
R e e R e R

unit rraesdaidhaignéondre above- ment i oned acryl ates, for
exanpl e, hydroxy ethyl nmethacryl ate, hydroxy propyl
met hacryl ate, hydroxy ethyl hexyl nethacryl ate,

Ashiel éttmenhiatlwhnsmlrhad rephrband biyitie dixst repssatl aoiy; lthere may be

R8T Kohur e P A F L RBSY k8 Y es
of ﬂﬁtémylemd:afyﬁmsaglmtedh?mwum mt::jmmmmsarssm himied td, tor

ox G RRE P B30 s PE B buca i Bomae, ycropy oo
acltyllaf(tg Hrojdromytnomi hgrllates hydroyl ethyfinesyl yacatede dwiddexy ety acityéate,
o s BB A T RS e SRR 5 B Ul i >
hydwong-at-itenpkygirepyl attylatn etc. dend hwlrcp)«yezontauumg methacrylate

mdj‘n Egeq'%rg§(t¥eﬁp\é{18ﬂ§ o {E*ehéb%(:g W&E.Xﬁ&d‘&cry@tééy ﬁ!)rr %%é(rﬁb%r ﬁyrlﬁoxy

oXysty

ethid h}]edigmwaté Imyesty owy/ mowl ma&hac#ylhtfedhydryxwethﬂhwl me;ha@néate
oy SR i Bl el AR nR B taBhY O
metbanyates diettolandeyyaol mosomglhaakylapé, a& lay droxybdrphénoxypropyl
meglq&&@g{ h}éi arT?IL 2@&%%& s%ﬂ@sn@?%yyrh?@célmglfsghol methallyl
alaobbh atkloyylaﬁcm, perlams ofcqillybapthhen(m auhpulultajcohol with ethylene
oxfd[ ag}o%gl%}‘% leldg X¥d tﬂg Q@Carndln"ﬁ&ﬁ ?re%f %Qafhﬁle@%? tWhlchne.

iC acl grou NEuh oners
indlurkd altykalachof mqaoal@pdxylate 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-methylstyrene, 3-
hydroxy-2-methylstyrene, 3-hydroxy-4-methylstyrene, 3-hydroxy-5-methylistyrene;
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 substituted
nmononer s i nclude vinylsulfonic acid, styrenesulfonic
acid, vinylbenzylsulfonic acid, methallylsulfonic
acid and the like, etc., as well as the corresponding
sul fonam des, and the like, etc. 5 As the second
repeat unit, there may be nentioned, for exanple,
aromatic vinyl conpounds, such as styrene,

a- met hyl styrene, 4- nethylstyrene m et hyl styrene, 4-

suﬁcﬁg{) ﬁ%l;&)io{n)eﬁr}g i%lud%_ %rgy (y] cyaﬁ‘?cr gp/rée%mo%?cséc\ﬁ ene,

vinydrenayisyif opioyacid methallylydxlpr:rﬁcimrﬁﬂbg litsgr cbic. has Weélkas, the
- al kyl h hyl

cor%’% %%%G?ﬁ%{lfg?gfglpﬁ e lt}fehlaclr yPgt e?s bﬁi/l ymet hacryl at e,

10 hexyl nethacryl ate, 2-ethyi hexyl nethacryl ate,

Ascmg'sgmﬂepaﬁmﬁ%we%% ?eolﬁﬁﬂtoneﬂ%hﬁ% dlé‘ta‘?om&fbﬂkﬁrﬁ){'

nmet ha hers suc S eth Vi nyl
cogtregnds, sp¢lm9§/sty<mﬁw m@thy@ityremﬁm;metwiﬁgvren@t ﬁ'éT\ethVJ§ftv§ﬁne 4-

ac\él&)ﬁ%tyr%hg €4. cal’ﬁB J}ggﬂ;éfget lfl‘-éé'rnlr’{ds'EWéneeut}ﬁéthoxy%W?éﬁé{ gtaayl

vin vin et her, henzyl V|nI
d"@ﬁmstvrer& Femy Hisorener M\"y'napmh%we & dhe "t‘jsh@ y Flkyd nyI
mgtgrﬁ Ia’{ées?uﬂa gﬁ 'n%ygglbﬂn\sb :‘(t)l’;w rﬂe'tHﬁ%rylaﬁé Gutyl a{émdctrylate

Ccr e
e P B Ry B! K
mé\tﬁﬁwylateﬁ doysA mbmyﬂylam; Ite;r? aﬁrq:ll et?eisyéuc?es yelkrgtlt ﬂ?yl addecy|
[140) .

o Yt e b B e AR e GpuBLY Bl e
eth@tybthyt yihy tether chydioxyethyl yingt etberp beradyk yihg rejtier detrghivaltadgrfuryl
vi%%ﬁne?sphenﬁr\‘)(r[y& ?lﬁ%r%lo@é gigw%zﬁ@r%étnd?ﬁé Wb aYRyFé(A%IglteQ %[uéh

ters possi Bl
asonbiby! avoylatepethyiesttata hiulyy agglaies daxyl cacrytdﬁ% 2mteylaexyt i o n

| P
ac?yla{%o&))r%om?m C)él lé%gﬂaté Q)cgpgéégﬁ{e g%&éc\fpa{r%%@o&gthh%@e@dﬁ‘@ﬁylates
orcdirylasynyatbagrylategisueh asigheny rgethaerylatg, bepan methacrypte; aryl
aéﬁseg dr LIRPSAK aéwuhies sOeiflid br%@l hotylafrd Qértﬂypmhaﬁomﬁw@s

ferent or he sane as he " second rep eat unit
ansfeeﬁt%'é gl ?ﬁéﬁﬁc%ﬁ ig FPR§5'|BI9I 10 WS anK OtGF monwaﬁr @Aﬁmﬂr&v
ustearfmha Wpﬁratfoﬁtof w%amrséd in aliekifcbfived ddiposiibRNthahgoes

yners i nvention ar

noéﬁpptp@fq wqegba@&% pgqrbq,{gi which can pglymerlzde WIH‘I 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
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absorption of the antireflective conposition may be as
an absorbi ng chronophore in 30 the polyner or as an
additive dye. It is preferred to use an absorbi ng
chromophore 5 in the polynmer as it reduces the
potential for additional volatile conponents in the
conposi tion. Exanpl es of an absorbing chronophore are
hydr ocarbon aromatic noieties and 5 heterocyclic
aromatic noieties with fromone to four separate or
fused rings where there are 3 to 10 atons in each

i B L e HBRORENS e AL components i the

anwpe&pnunlt and the second repeat unit include vinyl
conmpounds contai ni ng substituted and unsubstituted
phenyl, substituted and unsubstituted anthracyl,

Exegtpies of anabsaring etsemephiare arechyiooqaranaomalic moieties and
he‘f’érl' Sidtic Hlto%ti@'?ﬁolé‘ﬁb%%ﬁ\t fhdn Bﬁ? 1dRBPLdPHrate DH Aebrinb S dvhere

unsubstituted heterocyclic rings containin
thqzr@taéqe 84a dAatamein agsh Ry Jedmpies efgaiipmers with @bseyping

chmﬂéﬂ ny?ﬁcm s&%m?ﬂéammp@ws& %deﬁt n.ar{ andPhbaB¥ond

acrid qui nol'i n

remﬁtm pslsidesying eompaiIch @e@tammaﬁlzbst"iuéﬁd an%lﬂﬂsebatiuteéss
ph@n?ggubgﬁtated aﬁ'\oglﬁqsuﬁélﬁuteé vaﬂtfﬁ?ac%a @ubﬁnt@t@é ahl Qméurl%tltuted

al so be used, are

Phera@hpyb rsab%tauqsre e N“S‘;‘Pﬁ“@ﬁ%’r rapbEhy, ﬁ#@SWP@Pé\nﬂwsubstltuted
ne@aaa{)m@h.%se&rﬁé.ﬁmg inBMroA QB QlHiSs oﬁfgeﬁ UMﬁb%édﬁs@eraé\d

unsubsti t'ut ed nyl, substituted and unsubstit

comwmﬂaesﬂher%mdsucgm@tvrrpkﬁ'% PYFRNV MIRASISHNYVE Geadinyt, quinolinyl.
Otﬂ@PMr&Mbphcﬁ@Q afPd&scRb&S B1Y.S dp A NesEs, $14a095 %, 642637,

é/dr ox%&%r ene, acetoxystyrene, vin benzoat e, Vi ng
5.98% Ien 2381760 2BH £y184/R08, Whig @avpamw Uggchgpd are
m@tﬁﬁd’ﬂa%%erélh %S)Qéﬂéﬁb[rﬁaﬁheﬁﬁéiélréﬂQ:hrcﬁn&ﬁmbﬁ‘i@)ﬁny%&ﬁpounds

dr oxyphenox
ofgup&;mtgq({}m “Bgi‘%@‘iﬁw l, glétﬁppgecéan(wgeﬂﬂsntuted anthracyl, and
smﬁth@arammubémnéahamhwa@ﬁwmaﬁeepre&r@atrhwmybmwm

net hacryl ate, 9- vinyl anthracene, Vi n

hVWWﬂYTeBﬁt mtq)wﬁaléenq\pfpgl Wa?geywjlw éntﬁrt)i)uty?t?enzoate ethylene
gl)VB%l EI@&nyétﬂ&? Q@wat& ﬁerhaxvp.@w -oferylate! 2p0B8N2ES) phenyl

acryl am d

ORISR Byl BINg I BHSBeTSByRRRH Ferviate, pheny
mémbhérpatey bank metﬁé&ﬂaté Q-anwkravehymwﬂwwdmwm@henyl
vnr@?alm?rl\rtancgn% 2-v_|ny|nap$\tha?ene Ir\]IO\P ny?pqxha)lhmlge L‘\l (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.
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3- (4- et hoxycar bonyl phenyl ) azo- acet oacet oxy et hyl

nmet hacryl ate, 3- (4-hydroxyphenyl)azo-acet oacet oxy

et hyl nmethacrylate, 3-(4- nitrophenyl)azoacet oacet oxy
et hyl nethacryl ate, benzyl nethacrylate, and 3-(4-

nmet hoxycar bonyl phenyl ) azoacet oacet oxy et hyl

net hacrylate. 30 6 in sone instances, the nononer
cont ai ni ng the absorbing chronophore can be the sane
as the first repeat unit; for exanple, hydroxystyrene,

In%h%hnsqgﬁgeé' [ﬁé n#UPIBFﬁ ?Eontﬁﬁﬁ@ A &&o%ﬂﬁ@éﬁiﬁmebﬁore can be the

mponent an ant active hy ﬁ‘}l} hi's case,
sqmﬁea%@e i r@t@@b%lt Em.es(ar@aﬁ wr@w?tva h GeaIns bRy an
alsRbIRPEM SR HPe %ﬁlboﬁ_érﬁ‘ﬂl‘i’d Qbéﬁddhf ﬁétﬁ‘/e hlyﬂro@bﬁefn this case,

i nst ances vvheet e fir e Erl[ af
thﬁ@ﬁﬁ%{mrepeaaévmflearh ABY SR er mﬂ%ﬁ"%fﬁ 2sapon é'ﬁ%’c"\’{ Runi t
hyeRdkyBi§renBY IMBIReNBStahdut wrmé Wm‘rrstgéﬁeat whit bnlyy has hipeadant

tional no

acigR P RO, Mgy the St rees AT e e Tt o B o tsees
witttlthedirst @épehhems mmdh caqeeat additionalcaondmesr Lm't)comarmrgﬂn

hat.
ol MBS ol B80! A EEREBhol o2 B
arpt momrcblnat lpetymelnzeﬁewiﬂathleylrat aemeat anmtjas well 3 k@)tammg an

f .
B(%&Hﬁ cﬁﬁgrﬁg onglg%kram ustPé}ng&;r bg@?{lgﬁééﬁﬁéﬂgcﬁﬂ and the like),
inprhidhegage lap audlaonamamorrwecqmtalsmg reapbaerbingi dhraneRhoryord
bPERFARL 18E Péf&abl'ﬂﬁaﬁ%%ﬂ ithd 1€t RBEANGILRRAREs aipd rfdant active

contal ns an absorb mq chronophore. 15 In st|II ot her
hydegesnthesecend ieggatpt @eWéF‘iS@F‘é’le?@""@cF&‘r%“%l%l duri ng

the reaction when the active hydrogen on the first

r Eeat unit is replaced b%/i_ an am noR,I a&}, TBe )
Ing8H ptebiRsBRces & M Bropenetirialie apd 8 noye! guring) tie reaction when
th@@ﬁxfﬂyd%eﬁain&ﬁ@hl%f vepeht dniitligiepiaeed®y ankynihdifast. The

S & epesl o, Erples, of Usel ul yaol el
b;ﬁ?}e@dﬂt@ﬁﬁctﬂé cbl&ﬁosntlon. Exampléd of useful polyols are shown below.

o) ? o
/OWK\/\)LO/H\'O/[ O—);
@ O
OH
—CH, CHy—

Poly[trimethylolpropane/di(propylene glycol)-alt-adipic acid/phthalic anhydride],
average M, ~500
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2 20 Poly[trinmethylol propane/di (propyl ene
gl ycol)-alt-adipic acid/ phthatic anhydride], average

Mr -500 7 SII! /n OOH where Ris -CH2CH2- O CH2CH2
or - --CH2 CH 2 Poly[di(ethylene

gl ycol )l gl ycerol -alt-adi pic acid], average M1 -2,500 n
C OH where Ris -CH2CH2O0 CH2CH2 or ------ 1;'r f

i,j?. CH3 5 Poly[di(ethylene

gl ycol )/ trinmethyl ol propane-alt-adi pic acid], average
M -2,300 The term hydrocarbyl as enployed herein
means any unsubstjtuted or substituted aliphatic,

cycl oal i phat,i c, omatic, or aryl groups and any
conbinatiomgﬂhgr : 0X G§gyl refers to an
al koxy group, &% defined herkin/ appended to an al kyl

group, as defined herein. enppary al koxyal kyl
groups include met hoxymet hyl, nethoxyethyl,
i sopropoxynet hyl, and the like. Alkylol refers to a
hydroxy group, as defined herein, append to an al kyl
15_( refqer Hranched or stpajght chain
Wg%gc Pe algtﬁmg?ou% cgﬁ%§|§ingggne to-GHiputCHivent y
carbon atons (preferably one to about eight carbon
Paly[difethylems glyeni)¥dlynesdhaji-adipicacid], avaiage M x268Pbon
atons). Exenplary | ower al kyl groups include nethyl,
ethyl, 8

OH

where Ris  —CH,CH;—O0—CH,CH;— or __ CH;—
2

CHy

Poly[di(ethylene glycol)/trimethylolpropane-aft-adipic acid], average M, ~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
(alky! refers to branched or straight chain acyclic alkyl group comprising one ta 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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n- propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
t-butyl, pentyl, neopentyl, iso-anyl, hexyl, octyl,
and the like.) The pol ymer of the present invention
can have as the first repeat unit a formula 5 -R L

I T-Hwherein Ris the recurring first repeat unit

noi ety which is part of the polyner backbone; 10 L is

anidrogil ngogopy pu-batydl isokusyl &ae-buBBa-b@tyl, BentiRAeofEMNIAT iso-amyl,
S, ,PG3, or, S. . R7 wherein R7 is a hydrocar byl
r%’fy&'éf(‘?ﬂ’ra’}ﬂ@%gg' , and where at |east 10 nol % of H

is replaced with an am noplast. 15 L, as a |inking

group, includes divalent hydrocarbon radicals such as:

a|Tta9 pehr@er of {nel Riasf inueatioR Fgn bake aag Wl teReat wit a formula

al karyl ene radicals containing froml to 20 carbon

atons, nore preferably from2 to 12 carbon atons.

AHyRene refers to a divalent group derived froma

straj ght or branched chain 20 saturated hydrocarbon
having from1l to 20 carbon atons by the renoval of two
hydrlogen atons, for exanple -CH2-, -CH2CH2-,

-CH(CH3) -, - CH2CH2CH2- CHZC(CHS) 2CH2- and the I|ike.

Cycl oa yI ene refers to nono- or bicyclic dival ent

ri ng-containing groups containing 25 in the range of

about 3 up to about 15 carbon atonms which can be

uyysersét iR Lﬂ dep Securdng Jirstt [@peat bt gReiebr Wiisneis part of the polymer
SpRSdbheents as set forth below 9 Arylene refers to

di val ent aromatic groups typically having in the range

ok issa lipking gotip; @ad bon at oms whi ch can be unsubstit ut ed

O iSER3LE5E 8 PNRINEONR,TBLE, B89 SUNR Swherein 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,CH>—, —CH(CH3)—
—CH,CH,CH;—, —CH,C(CHs)2CH;— 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.
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as set forth below 5 Alkarylene refers to
al kyl -substituted divalent aryl groups typically
having in the range of about 7 up to 16 carbon atons
whi ch can be unsubstituted or substituted by one or
nore substituents as set forth bel ow Aralkyl ene
refers to aryl-substituted dival ent al kyl groups
typically having in the 10 range of about 7 up to 16
carbon atonms which can be unsubstituted or substituted
one or nore substituents as set forth below Aryl

Arﬁén%t%?é#s &%IQntra%rﬁétﬁ: dr&ﬁa 3 ey hQ(nnB '|rFtY1§|rérﬁ;e of 6 up to 14

car pocyc Vi n two aronmati c
captjon @iomwhlga Pﬁ@ e Ueﬁubﬁwemq&’rﬁg‘&@tbﬂ%ﬂ bY:prghgn morgsyRiHygnts

asket fofth balwdr onapht hyl , indanyl, indenyl and the Iike,
whi ch can be unsubstltuted or substituted by one or

nore substituents as set forth bel ow. The above groups

Alwemegm %!iﬁéﬂkyl-tsluﬁﬁflnétl ?lsalbmtarw Wk sWgidnllg wbghd intpst s
n n sel ecte ro
il G AbRg 7 O 1 BT AORS sk AT s fnSdbsyrat & sybgtyted by

onalok moye stﬂiskmmaldstswmrtﬁbklowycar bonyl ,
al koxycar bonyl al kenyl , (aIkoxycarbonyl)thioalkoxy,
t hi oal koxy, am no, al kyl am no, di al kyl am no,
Aralkyleraadeteys to aryksubktityled divateat &yl greupsrymeailp baying in the

raﬁgI q?%&iﬁong}’ OQMon é%rjﬁéﬂlﬂ H:gh Bun Uétl%éiﬁ&ﬂ%substltuted by

cyano, car oxa
ongar bowsub@awbotsmlsmamh .belOWar boxyal koxy,
al kyl sul f onyl am no, cyanoal koxy, (heterocyclic)aikoxy,
hydroxy, 25 hydroxal koxy, phenyl and tetrazolyl al koxy.
Aryligsaiged herein retais i a mgnerddr HioyrlicrenRgseyclic rifg| sysiem having one

or b &@Haﬁ@ Flﬁ@ﬁ@lﬁhlnér@t H@tﬂﬁrﬁ{fehl’!@r&ﬁh nNAphtH%ﬂ( anpl es of L

i ncl ude | ene, ~bi phenyl ene, %
tetr?étyﬁs?nemwlemﬁwé ﬂ&denvlfnﬁ o Uﬁ;w@ Cam 2 %alﬂlgﬂ“té&tf‘éi o
suBSRRY¥A BRBRY bemerd subbtitlertthias setliben dial ent 30

hydr ocar bon portion of L may be further substituted
wWth radicals that do not interfere wth the coupling

Thilaneld §aups cdrbe atdub¥tutay d.r S@sutituIed ﬁhfysuH%ti’@feﬁﬂsr ed

G BRA o 3bos i 895 967 RIELEERE L SHBEbY, HF155a
alkeaglbxyg htkoxy ratkoxfalkmay palkaKysarbom reilsoxycarbonylalkenyl,
(alkoxycarbonyl)thioalkoxy, thioalkoxy, amino, alkylamino, dialkylamino, aminoalkyl,
trialkylaminoalkyl, aminocarbonyl, aminocarbonylalkoxy, alkanoylamino, arylatkoxy,
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, naphthyiene, methylene, ethylene,
1,3-propylene, 1,4-butylene, phenylmethylene (—CgH,—~CHz—). The divalent
hydrocarbon portion of L may be further substituted with radicals that do not intetfere

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

10
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O her exanples of L include -C(=0 O (CH2)1- where n is

an integer froml to 10. 5 The group T-H in the

previous forrmula thus nay be -COCH, -CSOH OH, - SH,

- CONR7H, -S@B8H, -POSH, -S02NR7H or-NR7H group, wherein

R7 preferably is a GL.18, preferably a 01.13

hydr ocar byl radical or hydrogen, and H is hydrogen.

Pnef-interering7s upsbwpstsaare adidyk and, alieylcoroayksubstitutad sity] radicals, and

ﬁhe‘/l al kél@ o al kylaryls of 1 to 18 10 carbon atons,
YOSHURPUHENSY t hose of 1 to 12 carbon atoms. Most

preferably, the group T-His -OH or-NR7H. Exanpl es of

ami nopl asts useful in the e i nvention i.nclud

PR | nghte slaplte Treomisein B gridigenyae 1 to 10.

resins, melam ne-formal dehyde resins, 15

benzoguanam ne- f or nal dehyde resins,

d
ur be graskd-tis el eraviasfaimuladiis ek bp cCQRHny £SOk —OH, —SH,
9L yeAIH . l—'SI(%rI-{T‘dF‘&W Fl%dzﬂ%ﬂsorfﬂl\ﬁa#g{oub. WRErein R; preferably is a

preparing ermosetting ‘polyester anti-reflective
c Gaid, pepfersbiych Cearhyideocasiey radica evjhydiogeanandatis hydrogen.

agl g- itive p Si

FYABRE Ry ool G e CAGad® anvs sl g1 aliyianis of 1to 18
\ carbBB abbms,.mobte dreferatdy Hosetvédo N2 tartorsatbmet BMost preferably, the
H, an _al kyl oup roml to 20 carbon atons, an

aPpup 137%{?;)—@9 qrr_c!ﬁ%é'[to 20 carbon atons, and an

aral kyl group of from7 to 20 carbon atons, and

wherein each Ra is independently selected fr H, an
AFKITBIeS G aminoniRets aeta] Iodhs Arasent BYeRtion nglugs thdse. Such as, for
eé%mblél 'g@c M-yt ek edne XmBRInINE Bt ahytE résihen

y

R8 is alkylol) and another is ,
NoenagoManamingcfareaideirdeaniasingl gedHga-forpaldehydgresins.

al koxyal kyl ). Exanples of

N, N, N, N-t etra(al koxynet hyl ) gl P/CO| uril, may include, _

e Mgnorfigritl, metiylated glycoluril-formaldehyde resins aré 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

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 aralky! group of from 7 to 20 carbon
atoms, and wherein each Rg is independently selected from H, an alkylol group and

an alkoxyalkyl group.

11
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5 tetra (nethoxynethyl)glycoluril,

N, NN N, NNtetra(et hoxynmethyl)glycoluril, N N N N
tetra(n-propoxynet hyl)glycoluril,

N, NN N, Ntetra(i-propoxynethyl)glycoluril, N N N, N
tetra(n-butoxynethyl)glycoluril and

N, NN N, NNtetra(t-butoxynethyl)glycoluril.

N, N, N, N-t et ra( met hoxyrret hyl)glycoluril is avail able

under the tr P RLI from C I dus ries

(O§. examglmeﬁfrl Nxtfmv r@m%&'ﬁ&ﬁﬁﬁuagé i @3@50% and
”EFI@MEP&Q@N N RL IR M\‘ém;jl))ﬂycSIhMP(WHéh'Re is &lk@xyalkyl) Examples

eny( t et ranet hoxyrret hyl" gl ycoluril Simlar

rraf @rN &t&-t%traéalhowﬁbwglmwl mayEciudgee &1 RANAGN-
t [qu o, y@?@?@?%?ﬁhﬁrﬂl R tétgﬂgﬁ'&%ghk}%lycolunl N,N,N,N-

am n agents are co
atﬂnal(r&brcmokymmr@glycoluﬁl NN DIt teay(i- pmexymﬁféylr)glucmuﬁr N,N,N,N-

CYXE@}EP% %%%ég}%@ an%'“y}‘? 'f(]oth ;”e F&%&Mﬂ%&r@%nﬁ)glycolunl _

c Ndst o, Nndtrainedigedytretiepgijoblsil isfavadaté uoderptoe fidsicarask

o ORTHRG RORR: B Gt RSP G "B RR R “ERRE Seampies

t ﬁrfcruﬂgehémwprdwnémﬁmwymethyl glycoluril, and
t et r amet hoxymet %I benzoguanam ne

t Methw H%tfﬁlﬂ}? glrgiyﬁqlf.gll ugu?ari@atenals are also available
blisddntde ﬂwmsAbxﬂahénafﬁb P BaARE CHendtdYJawiner

conpounds thereof. Qher possible crosslinking agents
| ncl ude net hyl ol mel am nes, such as

¢ O B fiofia Y i ing BEEMRTRL LA ico & om Cytec
r sliuatsies fupdeethartpidersrk GYMEI and fremelpneante Shemigal §io. under the
C {288 Sk F@ésiﬂn)g%tﬂ@‘f cglrﬂé%% l‘ly ﬁﬁ \ﬂ%rossllnl?]n? n%?rgc?ﬁeﬁ(gmples of

pen ANet hoxy 1 el 'am ne, oxynet
hsuc&bttdmmumsmjé fmrhmguaearam@ acetoguanamme methylolbenzoguanamine

(Sl EpebooeL il el oy el Vet ol LR, 06 o ca
( AnaYet &Wlb&&o)gualﬁ‘érﬂmbm| trifBAsIxyASthyllsenzoguanamine; 2,6-
G e a0 12 T ther

a conpound which, when heated to tenperatures greater

than 90 C. and Iess t han 2500 C.
Other possible crosslinking agents include methylolmelamines, such as

hexamethylolmelamine, pentamethyloimelamine, and tetramethylolmelamine as well
as etherified amino resins, for example alkoxylated melamine resins (for example,
hexamethoxymethylmelamine, pentamethoxymethylmelamine,
hexaethoxymethylmelamine, hexabutoxymethylmelamine and
tetramethoxymethyimelamine). 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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generates an acid. The acid, together wth the
crosslinker, crosslinks the polyner. The
antireflective filmafter heat treatnent becones
insoluble in the solvents used 5 for coating

photoresi sts, and furthernore, is also insoluble in
the al kaline devel oper used to inmge the photoresist.
Preferably, the thermal acid generator is activated at
90 C. and nore preferably at 150 C., and even nore
preferably at 190 C. The antireflective filmis

Thp?ﬁérﬁgn {&& @ne?%élf af%eegﬁesémwem&f HRsbd €6 eaﬁqpbmﬁ

t her ener at o
whiialie Wbelmeheaiad thtempﬁzature$ giieated thag, QOoﬁi @ml s than 269° C

gengrgge% 2@1’?1 3atcgf Yhabes, togeth§r with thg crosslinker, crosslinks the polymer.

bronopr o triazine-2,4,6-trione,

The antirgflective éim awmumt@ﬂ%t)bwp@ﬁﬁ ifgolubledn HigesselMents used
forR:oEﬁH Hi‘uﬁt@ N&HdBSrthdTRidk) ¥ a|§’0 m%&'ubl@ ﬂ?%'éil@ﬂﬁé 86&veloper

bor ny -t ol uenesul f onat es,
useq 10 8iBEH B oA CR BN the easfyeﬁ q??%bs@nerator Is activated at
04C”ﬁ’id1|ﬂ6béhﬁ'6féﬁw &U'Sbﬂﬂafaﬂa evé’n iho?e preferably at 190° C. The

R p e T
Exampiek lod trennxl actdlﬁy\lem@s irtjutledbutisre abtdintted 16, adidnasais,

v B PR LR CaficRR e 0 8
tettabrdrhanyclohetduidnefe, ytiobdehpydluenesulfonates, menthyl p-

toléeriélgh\ggngp %n Eﬁﬂﬂﬁlspu‘!o WBR& frondes %yglhg% éh;lor onet hyl - 6-

enzenesu phenol i c
trusQnrcbmﬁthaneemé@r@t@,; cycletexgempthotybenzene sulfonates, 2,1,4

d.am%g %ﬁ%ﬂ-ﬁﬁ@% I @nadith g?crzxgrmha.c%umpem ﬂﬁ%beﬁﬂykyl

oric aCI esters and ot her ary
toaylf»@esmsm a%%n@rp!@ewbltoayiﬂtﬁeZ Sadinitokenzy tesviate %@rﬂmsmbenzvl
tosfatélSy. r%u@ttbnzg&iogmﬂ@%&b%nzw Ib%HiJr@amwmhfe@sa&mé anmoni um

sal t ounds generate a sulfonic

tnf&@rqanqib\dﬁ rats@tr%yl |4cfﬂ"<HP%Bf&§H%°r‘%fPP§ﬁes%ﬁ FHpperometyl-fa|

nitebleHzyl @ HRF Ph&HzEndduBotitef icheit Aehaté @a@rsa&lcd%ts r?henyl -4-
e .NnoVv.

al t hough fr e aci d
i) POTHeBER PR B AFBaIE FalonaTydescAy Snd dysbledanand Reice
esfé\lf fandl iofRer bhﬁancﬁ&l&#l fes@tsa@md arh%nﬁ(sﬁlté bicorgaiic s@fdtnﬁxaddsesuch
sol.u e a e
as JpeveReytiutoniiy ReMV ot S8 CRSRRER) Qg that
geﬁératmhulmioohogamatcﬁvailoam geneyallyauttablat ed when the
antireflective filmis heated on the substrate. 30

Typically a thermal acid generator is present in an
Thambal reidl geokiatws emnpefterted onei free anids; althaughifier agidsfiaynalso

beE}%Q&tm 81 tu%vépﬁtlpﬁfeemtco%o‘éﬁbﬂ NinceRt i€ HBESL Yhd 5O time the
shelf stability of the antlreﬂectlve 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 lo 10% percent by weight, preferably from about 0.1 to

13
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13 7.0 percent weight of the total of the dry
conponents of the conposition, and nore preferably
fromabout 0.1 to 5.0 percent weight of the total of
the dry conponents of the conposition. 5 The process
used for polynerization can be any of the ones known
inthe art for polynerizing vinyl polyners, such as,
ionic or free radical polynerization. The polyner
structure fornmed can be conposed of alternate, black
or random copolynmers. The wei ght average nol ecul ar

7S5 RSP o AR B3 B, AR

pieifatdpomaboun® i ¢o 5.0 mmht:walbhtyoffth@meébbthwp dpy c@openents of
00. The nononers can be polynerized in an
mgggﬁﬁPé&%olvent where the solvent is the sane as the
casting solvent of the antireflective coating,

T'f‘%@ sxd%rggn%}&ﬁ%rv o TP s leabwi(ag%ﬁ\g@i@r

prop ne glyco thyl ether
paignerizing vimd oolymers, sheh esmmchq @ﬁfﬂ@t@a&noafm%ﬁmn 88
p&l\ﬂ"ﬁem ubled fd?(fnea R&n b8 %Brﬁﬁ&se’draf ‘éﬂéﬂnﬁfé BBk ar raﬁéld)rh abl e

or mxtures of solvents. Qher co ts may
capelyaeie d hegveighRpege Muegylar N’@H%HE’@‘*(PP‘VW‘F r"l’@ﬁ? R dbout

580 ©-abB o8, bé@ pﬁ?é?bbéwﬂdﬁn aHSBUt Qrooe 16abéur1©020004nd more
nmononeri ¢ and meric | ower al cohol s, surface
280d a3 o

pretagaly frgmabent moters, antifoam ng

agents etc., all of which are well knovvn to those

skllledlnthe rt._Teabsortio of Bheth went i
ToA TP RIS AN e RIS TIRa0 i B aPB So e Se b B the selyent s e
sathe HeWR| RBBAGsEVert aﬂm\e aafirefisotiot eogtirius plefertiblg pmpyteablgwcol

of su e functi

eGP R Prcieln CCRHER BeREre BYFelm R RE she) e or
etdliaadisien donating generally shifts the absorption

wavel ength to | onger or shorter wavel engths

respectively. In addition, the solubility of the
Thertoatiaf kcenpbsitopodnprisesitire @olyaert of dh wslapt ingerdion rand@
sun%g s‘f’tsioivﬁé n{)]r rgg(tu?’?%gfsso%ngyo‘%? C%BBI%HE %9 b&ARALES T
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.
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14 The polynmer of the antireflective coating
conposition is present in the range of about 11%to
about 40% by total weight of solution. The exact

wei ght used i s dependent on the nol ecul ar wei ght of
the polynmer and the filmthickness of the coating
desired. Typical solvents, used as m xtures or al one,
that can be used are propyl ene glycol 5 nononethyl

et her (PGQVE), propylene glycol nononethyl etheracetate
(PGVEA), ethyl lactate, cycl opentanone,

TF@YMW BRINGIHR re‘ﬂé?ﬁiv@%b!ﬁdgr dofpasition %Sﬁr@ééht irf 186 range of about

R o ol S5k TS LA S 5 et o

thé meleeiiialyweightofde®polgmaik armgh@meh thivkndsd dftitye Eoading desiesl.
are reflective

St n
TR e Bt DR B Breiee el BT A el &P
mendnetiol ether (RMER tpedpylege igtycolsn@ammetind ethdradetete (FI'@MEA» m

etﬂe)ﬁ[aat% SUfélogen gl'iong J: h?ﬁén%ke (0) ISBEIYtg ic 5’(9&1 e&gfs

pro perties o onduct or "devicé are
eanIeamremyEE{hydmyleammdate dhrdegamma betyslrdiores Sobvestsivdgthaa

loR & diteRbs ?éx'é“gh%&o%t ¥ o riH A Mty Gr% £xieh Q%n%ﬁall

col u or ac ani on and t|on ex ang

prefetredms, filtration, and an extractlon process can be
used to reduce the concentration of nmetal ions and to
reduce particles. Metal ion |levels in the

Sty e clistive QS BEH oaiep Ofdha Fatats LB GuNE] Suhiet o

dr?é@h;ﬂ'@ ws ehadisidefaand niﬂe.ls@vvsdfnmmyaé\ﬁ n%tﬁﬂoﬁﬂéf/& and purity
rre 20 The antireflective (:oatln%8 03|t|on

th&h%@?%% R thRseayfpaycieraeyise A ptage 9\3@91
Trsansftststch B9 passikg & baduorrbfgglri]tepcaymer t‘a’ttmbh&& .@H @;ﬁihﬁt@ge

n coatln n e S..0
ool o saumsinayon o BHH gh0 Rt pyPrdR b, BiRudh, and on
extaftibnmrodess can by u*s@d mhedicelhe (:mdehtmt)on Fmatlldons and to

to 1

rof el PR Ediiefs Wi ol oM B 50 3h oarT o aff of
prefetred, rbatoa\sm\pptharetmqnegxrefplhgd arikhigelowdtppbagre svérumbteer
pr&@ﬁ&‘id on a hot plate or convection oven to

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
fitm thickness of the antireflective coating typically ranges from about 0.01 um
(micron) to about 1 wm (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
can be any of the types used in the 30 sen conductor

i ndustry. 15 There are two types of photoresist

conposi tions, negative-working and positive- working.
When negati ve-wor ki ng photoresi st conpositions are
exposed image-wi se to radiation, the areas of the
resi st conposition exposed to the radiati on becone

| ess soluble to a devel oper solution (e.g. a

T8 5% b NHeR b Rl odsibhe  Moafiud ML HRIRRGE-
wsrdxingbweem oegativh-workisg plotoresist wmwsutlpne atengxposed inzgge-wise
to%&gr?o%dth'&eaggé% c\’fqttaé(\%ﬁﬁlt Q&nﬁ@s‘ﬁloﬂt g’bééﬁ 18 tl‘?éegé%ltaﬁ Bfi'become

causes reno expose
lesthenldhiets = devstaper a@jumm(etme crqssélakmg ma@tloaomgs)twlvl@ the

uﬂ&p?seeo'arﬂe%sh& tﬁ@ﬁﬁdt sist %b%'hﬁg Yerhidhs A &ReRSofubieR) sru§ﬂ

he un strate surface on
sdm@npﬁwotre@n@nt Qf@wﬁme opliee-workinggesipt with a @ﬁvetlmr

cd&%@@ FerftRRCht tH41RSh- Qﬁﬁgs eéfea%f {ﬁb%oﬂﬁéglﬁrcﬁﬁﬂlrﬁ and the

03|t|ons ar e e-wse to ralatlon
cr@w&f.\@f ama@t'\@ﬂmaa%lrpmtceawr Shergby Hraveringha 8sitrskierion of

thk BRderlyR stbbPhte REARIFIRAIBh &l pHatdRedi®t dofositys Warer
solution (e.g. a rearrangenent 15 reaction occurs)

depesked. t hose areas not exposed remain relatively
insoluble to the developer solution. Thus, treat rrent
hotoresi st with

of an exposed positive-worKi P
O i g Hedeb sl K ing PhatalBeh S BReion v g
mfagatwls”egoaagiaﬁdiﬁ Enbes akdazrof tf pmtcnegsﬁdowq)ositﬁag expc]lzse?h@ the
esi st coatin ortion o
TSR mhrrb o R oBvchel SSLESEES A o8 e
rephﬁirﬁce&'s)swmmmpasaﬁeae net a«ges@djrermn reyatlvalymnsexmube/tythe
st ecau ener a

oy2BRol A on” Tk o et R iEr P e aestie b RS RFdsRt whn
the elsvdloyiar causes rdmbival el tlmembsedsarah$ efsthe ceatingrandshe cteation
oftapf()ecisgﬁ%gsé 1) lgqﬁ ijot%r%te.lst %o%q V\é r@éﬂ %r eﬁfr%éﬂgn 8 the

urekbgwng 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 manufactuting 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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25 acuity after exposure and devel opnent. In many
manuf acturing applications today, resist resolution
on the order of |ess than one mcron are necessary. In
addition, it is alnost always desirable that the
devel oped photoresist wall profiles be near vertica
relative to the substrate. Such demarcati ons between
devel oped and undevel oped areas of the resist coating
translate into accurate pattern transfer of the mask
image 30 onto the substrate. This becones even nore
critical as the drive toward niniaturization reduces

the critical dinmensions on the devices.
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I'ncorporated into ner to replace the etch
regigianes lgpidy ¢ligdnating ﬂeq a ﬁﬂ%? Fqﬂgﬂ?rr?étVaFemﬂrmere at lower

waveRAEING MR HitkctionUfd e BRbStratd bebSM&Y increasingly detrimental to
the lithographic performance of the photoresist. Therefore, at these wavelengths

antireflective coatings become critical.

The process of the instant invention further comptises 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 sufficlent 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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wavel engths the reflection fromthe substrate becones
increasingly detrinmental to the Iithographic
performance of the photoresist. Therefore, at these
wavel engths antireflective coatings beconme critical.
25 The process of the instant invention further
conprises coating a substrate with the novel
antireflective coating conposition and heating on a
hot pl ate or convection oven at a sufficiently high
tenperature for sufficient length of time to renove
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N an aqueous oper
ma)ebmwrlem euttin e&uttable etgh shamber to prrneredihe Reased @omoe@ of the

ant{Fef e?ﬁ/e fillh o\ﬁlﬂptrh@tr%q'alhlﬂgsh&ja?esgsq aP§rRCRSHh &Eh Rlasit. Optional

opnent and Xxposure. The process of coating
hegtiag stenwau@epmmo@ﬂé@ PBtt'%'Z*? ﬂwwnmﬁr@msq Yatipysaiching

teétﬂdde@@nb\ﬂnﬁmﬁe%ﬁtmﬁ% dsagoptim zed for the specific
type of resist used.” The patterned substrate is then

dry etched. The etching nmy be carried out in a

Th%UdbtséJi&@n h@hwe@mﬂttﬂ! khel ribvéﬁémstﬁbﬂ r@g@asm Vit DANG

i
abBHH 8*(95@? b'ﬁ@?mﬁéc’%@ 1a5nt°@ib8Ht Q'rzéﬁ me&wr gaﬁlgmgfg'psometry
THagafradige ﬁi@ﬂi’(n)l'fﬂw&ﬁ\tlml@bm%af iy QMSdbmlmlztdﬂleTBé nhhog

ﬁ’&g%géﬁﬁ §8@’ Ia?eu us?ntgcamI e I%so err] ns!u as tr‘fe”.? VK] V{Icpollgrrﬁe\NeAEE
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 antirefiective 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 refraclive
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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The absorption paraneter (k) of the novel conposition
ranges fromabout 0.1 to about 1.0, preferably from
about 0.15 to about 0.7 as neasured using

el lipsometry. 20 The refractive index (n) of the
antireflective coating is also optimzed. The n and k
val ues can be cal cul ated using an ellipsoneter, such
as the J. A Wofam WASE VU302 TM El li psoneter. The
exact values of the optimumranges for k and n are
dependent on the exposure wavel ength used and the type
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I'nvention, I's one osensitive can
becﬁylylgtqdyqa geggnqcb ap kmym;@ tl@ma@ttg fse one capable of silylation. [t 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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15 resistant mask for etching the bottom coat. Such a
process conprises formng a coating on a substrate
with a bottom coat using the conposition of the
present invention, formng a photosensitive |ayer,

I magi ng and devel opi ng the photosensitive |ayer,
silylating this photosensitive layer with an
appropriate silylating agent, and etching the bottom
coat using the silylated photosensitive image as a
mask. The 20 concept of silylation is known to those

il grebht Sl ok T8 EBRAIES o D ARyo/ €557

prddessipg otciude sfad teduoed tesist agpeictiiatios; (i) the abijiyde Useas known
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present 1 nven ul 1si1ntri aﬁer
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dégpﬁé@ﬂﬂé’hibmﬁgﬁhﬁﬂziﬁdpi cally uses roughly 270-350 nm
of" resist on” 32-80 nm of bottomanti-reflective

coating--so-called single |ayer processing. For

THe' bR spRifik iek@hples wiill bAd® tasilsd illistaabmesiars methods of
nu ess t e |layer

- 150- 200 30 are. much, | an for singl
régecaeigligho Geudiions of oritrenl Buetoh T s fapdisSare
not neeridet | ryeive &3 lirifroeuekirict 1€ kegdd ofeheinattiog in asy wayland

about . 300- 700 nm thick. and..the 19 o
stRphtr Socorpti i Rt RRuts rekindb S by Fhich Fs
be @iliret exclusivelyds origr ionywrhctite thd plesemtdasation.esi st aspect

ratios; (b) the ability to use conventional or

ultra-thin photoresists rather than silicon-containing
Exampldsyal mofietdditive fqrinulatipes gontaiging asself crsshinlifianiegia @re shown
bdidiberaction of resist with the substrate; (d) optinum

t'hi ckness control for the inmaging, masking, and
anti-reflective layer; and (a) inproved

E%ﬁr@ﬂéﬁ .Ol‘:Flaéé?;ﬁaﬁ of %&F&)auﬁ laReRoItdAEHrEhé)ANMBI N RGIINM

I-reflective coatings are designed to be highly
teadmesioymagy)atyolyrdl | owi ng specific exanples will
provide detailed illustrations of the nethods of 10
r oduci and utilizin

2Q.0g, RojvéHiy! aterhokcassty, égg @gelrt(lt\%?igh,%wg}q(?afyrl gl%c%‘o 33
mol %), 10.6g N,N,N,N-tetra(methoxymethyl)glycoluril (Powderlink 1174, Cytec
Industries), 0.15g of p-toluenesulfonic acid (Aldrich), and 1559 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. Antireftective formulation

1.0g of functionalized poly(allyl alcohol-co-styrene) resin from Example 1, 0.01g
dodecylbenzylsulfonium triethylammonium salt (DDBSA:EtsN), and 40.0g 70/30 ArF-
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not intended, however, to limt or restrict the scope

of the invention in any way and should not be

construed as providing conditions, paranmeters or

val ues which nust be utilized exclusively in order to
practice the present invention. 15 Exanpl es of
antireflective formulations containing a self

Cthasr (AR iBMEtioR R Mat@ﬁ@ls&]ﬁ)ﬁl\ﬂor;b)e\lrvém cdmxtsingd and rolled overnight in a

Reaction of Poly(allyl alcohql-co- ?Eren%ywit . .
NPiRstig hettle apg g(mmﬁ%@pwhﬁ LB Fipore titess %n&ﬁstmg
IOFEJH&Q/@& 'by'baﬁins%ﬁ‘Qbo@fo‘é%)zsfs%/g&hs%emkémﬁ ra IR tHid &duld Wt be

al cohol

Namwenaf@t sedltirg MoAristrmer Regd m?dﬂtalmthe eamedém|thigkness (FT)
1
ag:flgfére? %{J Sker o%gfgﬁg Vfgéémt%{ﬁgggétg CB&EL?QEQ‘)\#M% '?f'gc41 nm: the

drich), uran
soptimieed atflactamrintex{réraat1O8 enf was 3.8l thElabspedioniparameter “k”
rodldc7t was precipitated by 25 pouring the solution
i KE'D @ooom distilled water, separated by vacuum
f| [tration and dried in a vacuum desi ccat or overni ght

| BxinaBohasathelisat A s SRR e B v Pohsiay o Brcrvite)
3 bbrdlgated HBynct i onal i zed pol y(al Iyl
al cohol - co-styrene) resin from Exanple 1, 0.01 g

dodecyl benzyl sul fonium tri et hyl anmmoni um sal t

(E8550¢ BESN) rﬁ@teo% -é%oo'myd‘rro'iyetﬂﬁ tﬁ@t‘haﬂﬁ;/laté (’féed ratio of

El ectronic Materl wer e’ conbi ned and

r wmzybm@mcml@tﬁthvﬁ roxyethyl| ragtha@rv@ieﬂSQ/?&ioﬁQ%nT Hfagsédg AIBN
dt9 &8Mh ﬁ]ﬁ%ré@rga %y r%)ﬁﬁé %Qlaggﬁﬂé‘%l tion  was refluxed
vve B 0 n

y 'baking at seconds resu |
afofr iR wrivter nittagied. Atier dmling ghe vetyms s reoavdred by rpremplta’uon

éfngd {llrgf '?\%%ra@rfﬁ?er Al o ﬁlzdt H%\)ga%?]gg{ %ési@r?tarﬂé'c kﬂ?ec‘ EOIWTZ{Q was

efore an |ng
Speduced napH8.5F yipkio et e B0KTGPLC hRS dtdmelara)pt | m zed
reflective index "n" at 193 nmwas 1.81 and the
absorption paraneter "k" was 0.76. Exanple 3.

Serapieis Hedeabl ohmereity BINIM NReé the eyt adymetiop Yo il

nmet hacryl at e)
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, 0.01g dodecylbenzylsulfonium

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

21



10 (abbreviated HB) 83.2g of benzyl nethacryl ate,
25.8g of hydroxyethyl nethacrylate (feed ratio of
benzyl nethacryl ate/ hydroxyethyl nethacrylate -

80/20), 500m. THE and 2g AIBN were conbined, in that
order, to a 1( round bottom flask. The sol ution was
refluxed 15 for 12hr under nitrogen. After cooling,
the pol yner was recovered by precipitation into 41 of
hexane, filtered and dried in a vacuum desi ccator. The
pol ymer was produced in a 88.5%yield. Mv = 30K (GPC

ok VBTS2 B e, SRR e g o,

forfifl senendsfresutieBbimarilne tt@t caildgot be removed after soaking in ArF-

i , t.at. | . i nk
iyl o Bk T TR Y Bt P Spaihg. YRRl i
Speetrascopit Eipaameteranio40rpsdherpptingiggdredective dngextn'ra d@s nm

’ . ing reaction product

wﬁ%ﬁtﬁ%?ﬁ?fgtﬁ %ﬁﬁliﬁgtte?-ﬁﬁegﬁg\?/gﬁar 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. Qg of

functionalized HB resin from Exanple 4, O dg

dodecyl benzyl sul fonium 30 triethyl amoni um salt

(DDBSA: Et 3N), and 40g 70/ 30 ArF-thinner (AZ Electronic

Mat erials USA Corp.) were conbined and rolled

overnight in a plastic bottle and then 21 passed

t hrough 0. 2pm PTFE pore filters. Spin casting foll owed

by baking at 200C for 60 seconds resulted in a film

that coud not be renoved after soaking in A rF-

thl nner and maintain the same FT before and after

soaki ng. Variable Angle Spectroscopic Elipsoneter FT

4Qnm the optim zed reflective index "n" at 163 nm5

was 1.56 and the absorption paranmeter "kW was 0. 76.

22 CLAIMS | A polyner consisting of the reaction

product between pol y(hydroxyet hyl
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met hacryl at e- co- benzyl nethacryl ate) and

N, N, N, N-tetra(mnmet hoxynet hyl)glycoluril, 5 wherein the
pol ymer i s capable of self-crosslinking under acidic
conditions. 2, An anti-reflective coating conposition
conprising (i) a polyner selected from the group
consi sting of the reaction product between poly(allyl
atcalas- co-styrene) and N, N,N,N-tetra

(et hoxynet hyl ) gl ycol uril and the reaction product

bet ween 10 pol y(hydroxyet hyl nethacryl at e-co-benzyl

gt hack poRher c@ﬁﬁsﬂ\l\d\bﬂ\ﬁw@reactlon product between poly(hydroxyethyl
t et r a( met hoxynet hi/ g] ycoluril ., wherein the
fé‘@ ac

C I e ashanzy] Bt mAtaLAnd NALK s A B e ST Bigvcolurl,
(lvhdrein B cﬁﬂ%er i Pné‘bzlémﬁﬁérﬁbrog firfki r%elﬂ‘ﬁj' Ao efGeidic gbndﬂlﬁs

conp03|t| erein e polyner is
the reaction product 15 bet ween pon(aIIyI

I\#coh%\p %RP ?éf%eﬁg?x%é E}gt% %ospl)ggo omrplriﬁi_ng (2 .a plchlsémer selected from
cthepgreup commstfngodf&lnerreﬁa%ne pmdmcf betweeh potykallypalcghnaircor-styrene)
uct et I d
s MR e BT me R P ale Pea e Pt between
t pblv@(yﬂ'&ixlyéthyhméhmlcmﬁtymeemzyll meth@cdte) and N,N,N,N-
tetra(methoxymethyl)glycoluril, wherein the polymer is capable of self-crosslinking

under acidic conditions, (ii) a solvent; and a thermal acid generator.

3. The composition of claim 2 wherein for (i), the polymer is the reaction product

between poly(allyl alcohol-co-styrene) and N,N,N,N-tetra(methoxymethyl)glycoluril.
4, The composition of claim 2 wherein for (i), the polymer is the reaction product

between poly(hydroxyethyl methacrylate-co-benzyl methacrylate) and N,N,N,N-

tetra(methoxymethyl)glycoluril.

23



