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(54) Title: FAST-ETCHING, THERMOSETTING ANTI-REFLECTIVE COATINGS DERIVED FROM CELLULOSIC BINDERS

Anti-reflective compostions are prepared from cellulosic binders and alkylated aminoplast cross—linking agents derived from melamine,
urea, benzoguanamine or glycoluril. These compositions are used to form bottom anti-reflective layers with high plasma etch selectivity




In the secend teehnique, the polyner binder is designed with thernosetting
features, so that after application the coating can be insolubilized by
heati ng. The binder contains inherently crosslinkable functio nEo8ses OF
groups whi ch caW&&*€¥Bss|inked by reaction with an added readr%gt I'n nost
i nstances, the EN®T+RICRINGhZEERMOSEETING ANTI-KRELRSEE(R iGRATINGS- PERIVGER | ve
coatings are rapidly becom ng th@mcum@mmmns for sub-0.35

m cron mcrolithographic applications because of their superior resistance
to interm xing with photoresi stBACKEROEND OF THXarﬁNY@NTHOE att ached,
fhermosetting bl nAE sCRAILALISE S d1axesPEg boeNs, O %% They-iasl aia wrhenol i c

bi nders such as those escri Pat ent . 597,868t o Kunz;
acrylic bi nde?@ﬁts-@QhCaﬁp?%E@QfeS@telfBélenm'Elﬁﬁﬁé’% PRLERTSRHDT iIREAGESH °Ro.
94305124. 3 byydfaRarel calarl FUriaPean sPakend ﬂmxﬂ@s@tﬂt@agl\bneﬂﬁmmtavby
Thackeray, U.S. Patent Nos. 652, 297 and 5, 652, 29 gl:lloch

and our co- peFIRRFiGIgNs PARBHIY ARnTeaserfoRl ?\ﬁna(ﬁ’ 46af89 By Mo J‘é:tmgl
nodi fi ed epO)@/rd‘&%lsﬂ_ngl nders such as those descrl bed in U S. Patent No.
5,693,691 to Flaimet al hati.c %?!L ter ders such as,t hose
described in our (?Stﬁ@ﬁ‘af’lﬁﬁ 254 %\BEJFY%a‘f o P98 859, 138% by shao et
al .; polysil anecdnsideny sncﬁumdﬂmphdescesm pnvdésSeSPaDeﬂllmate the
5,401,614 to ar.a_ et d- vi HIE 5 s t hose
described in %]Seq Pacent © éc%"ag@? sg%(‘d% ATgfra ege'iafl EHE?T& f which are
i ncor por at ed prerminesiiytr ekpeswice. They Bnesmml%%%rléﬁlbﬁbbés%ﬁ fg, the
phot or esi st pat{Gld} Fﬁnﬁ&f‘nﬁﬁ&ra{ qqdhr&tgbgbfbﬂm | cdngfduael, i ¥e_&paf Imowmay

pl asma et chi ng, "usua gen as the active etchant. The ]P%

et chi ng proceds Cé%@é{tlbieab\zﬁ%féﬂ%éﬁostth%?é?d%‘f alfhst CCREI8gHe?
erodes the anditd Q:fﬂee‘éhb‘éErQQ@tdrﬂﬂ tHieRC OvBOEbatd® wiltparthe pnoﬂateme;t Th|1$

| eads to two probl ens: P1_1) | dewal E @ hot reS|st features are
etched | at er at3 y:™RO4F&Phgt aﬁe e[ lf’éﬁ? F& Js‘féz3 |éL§Ig Ad g? t he overal |
t hi ckness of pthﬁ:qodmerteslosnot sintechrded atmbke n:grmetrﬁdeebstwééecthe/etwmsk
for subsequent, af? Pé”%tﬁ%?.gggg &im@%ﬁa‘gt&sgg@k&mm ARORLEEE & EHGEN: vyt

critical tom Ze t ree o i ckness requlred
2 will be degraded significantly. ThlS requirement to prevent

intermixture between the photoresist and the bottom anti-

reflective layer has been met in prior art systems by invoking
one of two techniques.

In the first method, the polymer binder is selected to have
a highly aromatic structure which contains polar linking groups
such as amide, imide, amic acid, sulfone, ketone, and urea
moieties at regular sites along the polymer main chain. This
combination of structural features prevents the anti-reflective
coating from dissolving in the liquid photoresist and makes it
resistant to intermixing with the coated photoresist layer when
the latter is baked during a typical processing cycle. Anti-
reflective coating compositions based on this concept are
described in the U.S. Patents incorporated herein by reference
and numbered as follows: 4,910,122 to Arnold et al.; 5,234,990
to Flaim et al.; 5,294,680 to Knors et al.; 5,554,485 to
Dichiara et al.; 5,578,676 to Flaim et al.; 5,607,824 to Fahey
et al.; 5,654,376 to Knors et al.; 5,674,648 to Brewer et al.;
and 5,693,691 to Flaim et al.
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for an effective anti-reflective coating, increase filmoptical density
(i.e., the light-absorbing power per unit coating thickness), and until now
it was critical to use |low aromatic content in either acrylic or polyester
bi nders. Anti wae$dssci ve coatings prepared fromthese i nproPEHUSIHE¥H S

ther moSet tng. StUGhYr g5c&idilchaphasTRRd Ho1AbEShinderl 3 LeBRgnbliat of

ol der-generation anti-re tive coatl ngs prepared fromhighly aromatic
pol ysul f onesith thermggeteing degtuser eatUrtdiai 2EEPE FRDVAFQBpEBEChi ng 0. 15

m crons, nmmgaexnag@umsdlﬁlbgnhe@lWlmt\&lnk;l behélkg:md‘ezcaahtamns
conparison to the nom nal £1.28 Fur.t her nor hot |sts used

e
to print thEEISRELY Fﬁﬁfﬁ@%ﬁiﬁs %%?h?'éalatgrgﬂpﬁx%Bﬁﬂ p\ﬁa\‘?’ g‘f% of 193
nm and have:,epamoe;rslﬁ)hasasbxetmcmanswmtceaxt laaidetiheeagarg] .ac Iangiost

DL Oy 3t O3 PRSI QLERLRLS " MIBIRAERT R AU B ONET

wavel engt hs~ VEr t or esi NN ng can occur I ng
pattern tramstfmafn'eotihe cmtmngef aeetxwddoaﬂolengml@g/éma foreferkadter is

very thin Igrq, Ioﬁgnf% S oPRO QI &8P microl it AGGRIH Ty p16 BEESohS @

need for ranti-r ective coatings which exhibit a faster plasm
etch rate rl@ecmaﬁeosfotbm oTupSird px | EGTHELANee ter EBFCEMX A Ydsht i ons,

i ncl udi ng t%g&gsqrsgn%j,@rgcryl I.cs and pol yesters. Since the polyner
bi nder is usually the ngjor constituent of the ant| its

efl ect i, | a
properties larg aflé‘Bﬁtﬁib‘F attachedh F’é?ré“‘%ﬁe‘:ttl’ré‘gct‘}h’?ﬁs .C?ﬂ(éf“ll?égr%ﬁ%mﬁé‘f%
those skil sk Ricvie@oped. ( SBRey] inElagéd r;mémmcsmtndeﬁnlsimtr&aat ehGseéence &

Technol ogy, an ) th at ed . hal a ner s
etch nore r%%‘iﬁlg’egnagr{fgygfl@%eﬁl atg?raabﬁ:o '%l%gnqs: tﬁ%g'p(%%f&g?g %?%%Q_l’y
contain prisweeh las ctapbenqlesaqnibeslpenl&lhltcypqalio?@tpotymlsimi@h Yont ai n
carbocycli cg ﬁd%%'r gssg%%@ai\s pﬂ?,&weaqma@am%pﬂaa&aonm s property

Is believed t e for replacing the hig Ir%’raromatlc copol yners,

e.g., pol yslﬂFHQ%ié-é?Oaﬁdfap'@Yy']ihﬁcéFéﬁYus‘écﬁ aHedér Nogema®3 -89 'peBluct s with
| ess ar onat i Ces3G 97OEE BXMPARchi b &Ll yldrd dwd [aal-yersdﬁrg li.sdepsatent

SH&@W ﬁ\gﬁﬁa@@gﬁ%w@%@l&% b%nr%elafd'rsoé‘ Iegtrzl ?\Slaplg%d %lye%c gI%tsP'?l on
and net hod resin binders such as those descrik@d in U.S. Patent No
5,693,691 to Flaim et al.; aliphatic polyester binders such as
those described in our co-pending U.S. Patent Application
08/954,425 by Shao et al.; polysilane binderé such as those
described in U.S. Patent No. 5,401,614 to Dichiara et al.; and
: ‘vinyl aromatic binders such as those described in U.S. Patent
No. 5,482,817 to Dichiara et al., all of which are incorporated
herein by reference.

In sub—0.35.micron processing, the photoresist pattern is
transferred into the anti-reflective coating by plasma etching,
usuially with oxygen as the active etchant. The plasma etching
process erodes the photoresist laYer-ét about the same rate as
it erodes the anti-reflective coating since both are organic in
nature. This leadé to two problems: 1) the sidewalls of the
photoresist featﬁres are etched laterally, causing a negative
feature size bias; and 2) the overall thickness of the
photoresist is reduced, making it a less effective mask for
subsequent plasma etching of the substrate. Such problems

render it critical to minimize the degree of thickness required
. _ 5
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of using the sanme which provides --h'ii__.i':ghe.r':;.. plasma etch selectivity to

phot oresi'st |ayers than prior art tonpositions conprising acrylics and
pol yesters, while retaining their nost desirable features whi i :
t her nosetti ng cR¥EFEPi stics excellent coating quality and fggfﬁlﬁgimﬁ
coverage at utdd ant biffectidé |amttihirelfdessive wrertimgpl Ledreysepf e owtiingl

met hods; . excell.ent ;adhesizgn;t i r astrat-88it - cdPNhst or age
life at room eenr?ﬁgﬁlat(ﬁfgf’*' as]tq'ggl&ma%ggg%g%%; hi%gh optilca(I: densgisty at

the desired Wiltirckniessdt @n@oBitig nownatevengeritdral, tROUEE sk rAmatic

interm Xxing Wij N pROGAr g8E8dr | A%81Sc or polPéestdPbavadrkher apsptidMGctive
anti-reflective coating conposition is substantjally corrg{llsed of:. 1) a
%

cel | ul ose esteyatdnast REPPIHRY L ShEBRe I BRFP{RD L NEEF Py AR P TR IR T %ay or

may nolt c?ntaéiwé’c%rﬂel_ kj cakkiiigdd %g.)f&%%ad)éecﬁﬂi:ﬁé£ls.u.22)l.8 miﬂ(rjtéés-tliamoiﬂ onal
am nopl ast crosslinking agent, 3) an_.active or_ |atent aci atal yst., a
sui t abl e sol MﬂeW"&?i“E%QFg%%o‘?mﬂﬁtrie(’}llrﬁf:ﬂr‘,’e 5‘5°aat3§‘(9lsuB’Ir8p3§%go#r?f§}lr%hé%yur e
mi CE i Shcapa@icﬁnéﬁid’ patysBDEMdedN t he am nopl ast crosslinking agent and
i ch enhances the optical ,densit f the,coated fi.l ma [

wavel engt h(s). THEYFEEDr t PRy SOSESERoRFE %?aﬁpeldgb( %Bégng?gﬁrr%gfadtq%rse.
Cel | ul ose estmicrdimsyemeanibheamastmoubeentf et chilksiteed nignwé 1l hee nobanifirgnt
coatings for Usesdiieh <8R VOO QLAY RULlefOl ik CORLRASAOAL 0UGS 1O
anti-reflective coati ngs. e Use Of cellulose esters in t he nonanal ogous
coatings are peetriasddtsf bpedxeamzdnti fhepe $EAoWSTFUBSSS1Pat ePRYrate at
i ncor porated Qﬁré&;{bs@)ﬁgr @B%fég}?%h & 903, Afdat® nardebsrer Blasmd, dibh 783

to Brewer et al.; and 5, 382,4 o Niziolek et al. The suitapility. of

cel | ul ose estEPELFHNCEsEDaR RaRAYOLIRE APEr BRM LY RRY SESREPRGL2IT more
sBeci fijcal |y, phék rdsdistefl Lrchidesmrald ngs, today wiphishey aoaléheths. As
above-descri bed pri.or art because such_art.requires very di I.tical
requirements Fromitidt S67F RTINS o (t,}r“%?rl”f grapmic pr ngtégég%%ﬁehr%
requires 1) theambidn tiptbothesamsti-nufdegtsivageed tingmdjeyeant fpbhy nkatexydss,
not abl y,

very thin in comparison to the4photoresist.

Accordingly, there is a need for polymer anti-reflective
coatings which exhibit a faster plasma etch rate relative to
photoresist layers than prior art compositions, including the
low aromatic acrylics and polyesters. Since the polymer binder

' is usually the major constituent of the anti-reflective layer,
its properties largely control the etch rate of the coating. It
is known to those skilled in the art (See J. Electrochem. Soc.:
Solid State Science & Technology, p. 206, January 1982.) that
oxygenated and halogenated polymers etch more rapidly under
oxygen plasma conditions than polymers which contain primarily
carbon, and especially those polymers which contain carbocyclic
aromatic groups such as phenyl and napthyl rings. This property
is believed to be responsible for replacing the highly aromatic
copolymers, e.g., polysulfones and polyimides, used in older-
generation products with less aromatic and more oxygen-rich
acrylic and polyester biriders.

SUMMARY QOF THE PRESENT INVENTION

It is a principal object of the present invention to

provide a novel anti-reflective coating composition and method
' 3
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photoresi st |layers; 2) the ability to formdefect-free coatings at -
ultra-thin filmthicknesses of 0.05-0:2Q mcrons; and 3) the ability to
formsolid solutions with a broad range of organic dyes. Pat ent
5,382,495 to WPHIBK, et al., strictly prescribes the usePG'f’"sé.?”oss“l

hydr oxyl at eg Geih@ (1Y @haealhycra ﬁw&aéylhiw ip0Baha astaH Is@lééﬁiﬂ)ty n
conj unction Fh t he ceI I ul ose .ester., ose o% trpe h oxyl ated resin
accordi ng %9 RPOFRFeILSTs 1E¥ShE d a&epE?'SgsT H‘§°§F 153 sfor:%iFﬁe ans no

crossl i nki rgrggeas . antheplgkatems,sebiCeol uerl:al@,lnlg tbeb8 mopldesnrFole | ne 4)

that if th%eg\g_gggg(y&haitc%d LEPLdLJ s absent, the coating conposition will have
poor al cohal M cal Fesistance. We, or course, do not use a

hydr oxyl at ed tbsimoses:timgaahaxaaheriigtdaf anti-refl ective coating

.conposi tions @Qgeﬂﬁgﬂﬂjd@QElQ@QﬁHﬁ%t&taH@U%ébﬂﬁ¥@U%6véké QY gakademnsity.
Nevert hel ess, we surprisingly achieve al cohol and cheni cal resistance

wi t hout the hf‘éhl@x‘;)}’é’tké’ﬁsl"*é%l‘ﬁ’%fhﬂpa égﬁe‘?Y SR SSARIRY JIPYIRAE i s

achi evabl e bYeHS,éDDer{th%dﬁelsiM ase s@ﬁ\ﬁ.ﬂfm@hﬁtﬁf stbetdhzés! ek conpositions
are used at 0,15 - rou mcrons) versus anti-reflective’

h
coatings whi chP8feS 'i%‘a? 21[1 Béo%* s % % Iﬂ‘i’%lf%r?sr *The conposi tion of the

present inventasth ¢wriapplspeddonto a sem conductor substrate by spin coating

and then heat gd fxycgﬂt?acj_alhd%g% £ A°CAR05eL rd P Tk Babb 1O BrpdSiagt - T 1 e,

crosslinked coaf S inproved et selectivity to phot or esi st
| ayers and hi gavépenatdi(sdeénsity at the desired exposi ng wavel engt h.

DETAI LED DESCRLPE N JaplEE: ANMENLIQY with pHutdiesdst s1Hfedshe present

i nvention are cellul ose esters and ethers. The.thernpsetting
anti-refl ecti veTE®aAMRRPYEINHBSTMISEF tdPIt Wét’prre?;éﬁf:tf‘ﬁ?/e‘fﬂﬁt&ﬁ‘gpr eferably
conpri ses: gympasteldnliasisebbtaeraligl echerlifedbmift:he) ga ougl ladeskesestrgr of

sotvent- SOl 4DLEEe! sl RIR -8 G, ¢ Vgéﬁﬁgég'&&qv%mgswhpah A 2bkvhay) ed

ami nopl ast ¢+ 8 I'hg agen Fom am ne
benzoguanamate contaip ydemicpl ly it taghadi dlma%%e}sssoﬂh 3 a‘t"é-ﬁtl aci d

catal yst whigheyBRM hedlloplast &YAL 8%iAg CAfaityt BFakh YadGivie @ ratatent
speci es; acid catalyst, 4) a suitable solvggt vehicle, and, optionally,
5) a soluble dye or dye mixture which is capable of reacting
with the aminoplast crosslinking agent and which enhances the
optical density of the coated film at the exposing
wavelength(s). The resﬁlting'composition is stable at room
temperature. '

Cellulose esters have, in the past, been formulated into
thermosetting coatings for uses such as wood coatings but not
for coatings analogous to anti-reflective coatings. The use of
cellulose esters in the nonanalogous coatings are described, for
example, in the following U.S. Patents incorporated herein by
reference: 4,007,144 to Sanders et al.; 4,133,783 to Brewer et
al.; and 5,382,495 to Niziolek et al. The suitability of
cellulose esters for use as binders in microelectronic coatings,
and more specifically, in anti-reflective coatings, is
surprising from the above—described prior art because such art
requires very different critical requirements from that of the
instant microlithographic process, which requires 1) the ability

to resist intefmixing with adjacent polymer layers, notably,
4
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d) a solvent vehircle with hi gh sol xvency - for the above-descri bed

conmponents and effective surface wet'ting and evaporati on properties to

obt ai n good dekggégdige coating qual ity and feature coveragerm'swmmli ng

t hi cknesses of 0.05 to 0.20 m . crons when the gongog %I ontj EE ed onto
Prad 8o *§61 GBf

mi cr oel ect r oAPREOrafisst LaYeEs’ #ld EPEpRPHHATY yFo Rt Y% or
dye m xt ure sentpxﬂzsa—rtglaf feht ithe cknbuges | @hdl . 0§r-0uRe hiorrareactendn3i time t he

am nopl ast sslinking agent, duni thermal orth
bel ow for th3 P ALY egrtnl %%%lcdogtoﬂﬁggoé%%ﬁéhz ng_&g_g(ﬁ%&?g% %Ylagglé

Cel lul osic Bdmi@rs A variety of solvent-soluble cellulose ester and
cel l ul ose ethers l?:asn RS tH§Eds tﬁzpr‘jgga{:g &gﬁb diidy ece0gPosiddQrs1yf these
two groups, cellul0se esters are preferre ecause of their gSO|UbI|Ity

in comon spPreseRitiarg t6| yemtat %éﬁdagxﬁéﬁﬂd |r&&L At EPTERAR Yeacel | ul ose

esters incl uggaesl)iulresetraseiBtoryiek! vbose ﬁ%k@hﬁub@&ﬂdrﬁtﬁtm@hém ose
acetate propionate, cellul ose acetate hydrag ew {late and cellu

I
acetate trinBEHULASE SBGFTapiNG EXEPERE At Wit MKAEOKEL 2 ESDISHG \ﬂ/ﬁﬁgf&ﬁﬁ hs
of 193 nm ando 2dfzivnekc ekl Ub o;s:&:ﬁ@et akessyihiogen sphebatat ecrendmiabl ul ose
acetate trinmellit re_es eC| refe red bi,nder nce the hal at e
and trimelli fﬁ?%sgs‘ﬁel(' gFSﬁ'E ﬁf"& [ T ﬁg Y5BEi %afﬁlcflensaltst y g R?Iﬂ%
coating, thu3, reteidlgthhe néetche‘ dnydadzlgl;latmas:esm isGabdartosehet beatisgich

as methyl, &Qﬁ(ﬂf?sm%nhmﬁwmeoworcs'! L@;@sﬁ%n@ﬁ@h@ﬁeaper&%@a}ﬁeprﬁ@ar e
the new anti-reflective coatlngs
preferred coftieeuess veet §°'an‘€PQ:@nlf‘éﬂdﬁ°§¥l¥41F EF51Pedt difaladingRnEt h@r‘P‘F%d)

hydroxyl grogps;tQ ald@wykNsodsitid icoabboit thd aaet ba@ﬂl&\/l ﬂch: tﬂ&aaab nopl ast
crosslinki ng agent cel | uI ose deri Vvél ves

cteritied SPOBIReiauSE ERUN GHAPInOaRe bt WA IRPOIRET o A UFYAELPBHE |

react ants t oachieven ghoe altalediechrii remscal tﬂ‘edmaeasenllﬁhcghi talesor bency at

ul'travi ol et E ROs) fh]gat""%"%' gE‘QtJ}r’;a a8l ?%3’?‘5@ s%%t %EEB' daaéé % ‘é"cmev ble
eép °uf Jrét riGr art

9- ant hr aceneca f)o% I C acl ravi
pol ymer anti byefi$ing ibhe cellulose ester alone. The NlZlOleB comp051tlons

coatings, W hteiféda%e QR Cad, MeRgit xoatré%%lwaadmzé&m wayelgngt hs.
Esterification with substituted cinnamc ac , on the 5())ther rband wi |
i ncrease absBPBETRSSIRCtAVE- 6PATRESoMEich are used at

The composition of the present invention is applied onto a

microns.

semiconductor substrate by spin coating and then heated
typically for 60 seconds to form a uniform, defect-free,
crosslinked coating which exhibits improved etch selectivity to
photoresist layers and high optical density at the desired
exposing wavelength. '

DETAILED DESQRIPTION OF THE INVENTION

- The binders of the present invention are cellulose esters
and ethers.
The thermosetting anti-reflective coating composition of
the present invention preferably comprises:
a) a cellulosic binder selected from the group consisting of
solvent-soluble cellulose esters and cellulose ethers;
b) an élkylated aminoplast crosslinking agent derived from
melamine, urea, benzoguanamine, or glycoluril;
c) an acid catalyst or a latent acid catalyst which upon heating

generates a catalytically active acid species;
5
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wavel engt hs. Such nodified polynmer products can be prepared by well .known
nmet hods such as reaction with acid chlorides and acid anhydri des. The
extent of these nodifications nust be controlled, however, so that all of
t he residual hHYy@e¥s81¥8 gr oups on the cel |l ul ose pol yner are naCTAiSa%esseld.
Qt herwi se, §fie, csealanS%eHwﬂ@rwwhl hlaﬁt sbfvér{aplfwel khéesb Vel crived

crosslinking agent during bake cyCle of the anti-reflective coating. b.

Ami nopl ast Cr GSEPPARPTY a}ﬂ'{@jeﬁtffe‘:t”?h’é“’rfé\ﬁeaf'fﬂ:t%%‘i |4 i@YePeEaEE Y

ﬁorrposu tion i @r@péedlém ﬁ&%bi?ﬂhﬁ@é&ﬁlﬁdﬂeciubiﬁéaé@ﬂlmgt la;eaappgl &id Ih 03 of |
eat. Heating_nduces a crosslinking re n_bet we es ydr oxy

substituents gﬁa RE® cETYThoFSe® %o??/?‘r’g’rnga%gl %Eeﬁﬁ?%o%{as{&c&&é ?ﬁkl

agent. A si nmiigrongaeiterorhec comgobistiveerd st Iappi:xe@sintmkmﬂgragbad:tmﬂd he

added dyes, if; r tructure is highly sol vent-resistant

and i npervi ous ng?ﬁ%s n}gl?dl ??gg’%n 3; phot or esi st. conponents. Such curing

processes atk awddlviensnaolvlie tdye. pri dye apixtde capbeismnafifestive

crosslinki ng gRBESoAIC!dilpd! ¥6P! Mddvlenl WRLACENE Guli 8RS s

mel am ne-f or mal dehyde resins, benzoguanam ne- . formal dehyde resins, and
ur ea- f or mal deRyaESHbakMg apeBt dRr g e tPSEREL HRIIFT BUEYE SRl FoRts of

theSﬁ ;esl ns balbwgﬂcb? ﬁlfeefaa!tiﬁﬁefmciﬁ.l%}eabagﬁﬂn ong st]g)rageI LII Led(3 12
nonths) in ca z orm. . Hi met hyl at ed nel anmi ne-f or mal dehyde resins
havi ng degré@%bﬁgl Qﬁe??bi%qﬁlg[gﬁ%f“ess than two are generally useful for
preparing tae tddllmlastt-Biddeact i ve coatings. Mononeric, nethylated

gl ycol uril-fornmg| deh re|n es caII ef ul fo A eparl

t hernosetting po ygas%{g%y S°S"‘V fnl%ec ?1\?;%1 ¢oa |lr‘%§s\?\h| T can é:e&ggéof%

conj unct i onewiexs az@rndbesemd thwmppetgrﬁm stigleThempos ifoisirest 0 pheserabl y

added to th@w&Qﬁtddﬁg | Be 231 RO fs‘tQEs"‘Qf&*bﬂHﬁ‘f‘rQQSchz?@sez o(}ort]:‘ﬁ%!rv g@ts

of al koxyneth crossllnklng function per reactive group on
bi nder and A i5HopBr EPBIPWEPLR BPY Jr‘éfésSQF]-"EGti ech eaa"cteit@éf'leqw vaI ent s

per reacti v:eacgiamep | SuRSHET &Jdmumbeé e¢$6sks GnclAak dcdblvillosst Scetate,

7 rqn ot.Q cnds h as o) uenesul f oni c aci d,
dodecyl benz%%lelsuu Ogonlgcggg{léed oY >¥§Ia a%edi] chsteha%e% Jém%ro 1h6’55ﬁ6r| c acid,
and m xt ur eselhdrosef apayate Wgyedpbmamey avdcaeblylsise fagetahe

t heL @sett;mﬂé&szhgl ONpoMagie88e 1408 45R10%aRib0btgYihgni ¢ acid is
r rr
'ghty pre S;véiengths of 193 nm and 248 nm, cellulose acetate hydrogen

phthalate and cellulose acetate trimellitate are especially

preferred binders éincé the'phthalate and trimellitate ester

groups contribute to the optical density of the coating, thus
- reducing the need for added dyes. '

Cellulose ethers such as methyl, ethyl, and hydroxypropyl
cellulose can also be used to prepare the new anti-reflective
coatings provided they have adequate solubility in preferred
coating solvents and contain sufficient residual (non-etherifed)
hydroxyl groups to allow 1nsolublllzat10n by reaction w1th the
aminoplast crosslinking agent.

The cellulose derlvatlves can be further esterified or
otherwise chemically modified with aromatic and arylaliphatic
reactants to obtain dye-attached binders with increased light
absorbency at ultraviolet exposing wavelengths. For example,
esterification with 9-anthracenecarboxylic acid, a deep

ultraviolet dye used in.prior'art polymer anti-reflective
) 6
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Latent acid cat aLyst S whi ch f orm cat aI yt i cal | y ‘active acid species upon
heating may al so be used effectively in the new anti-reflective coating
conposi tions. | es of such thermal acid generators includ

tosyl ate; 2-nitWM G%ﬁi" V§ tosylate; and %c'?ﬁBZé?dsEbl
tris(2, 3-di beeappngpy wi-1l, 3pbreebazopieidy 4 denstitivoat,. 196 YSOIé\ﬂé’ntz"%ﬁﬁ“cl e
and Addi tivesg 5l 2Dl 801 ¥e0L 5; Ll e o8 Belited & :aRkie a60ak] nen

conposition |ﬁcFu%% a coh s, esters, glynes, ethers, cyclic ketones, and
their admi xt thesowhéxharsi;| widlt heCFeRsR ahﬁ%@@&CYE%be‘&Jr%wvrﬁr"éP FFed

sol vents and Q9e§9£§%¥§*3'§Hihuﬁ6difﬂgﬂr58®&mé%'@&Bﬁaﬂﬂb é&ﬂ3%§,prepared by
cycl ohexanone 2- heptanone, ethyl 3-ethoxy-, propi gnate op g yCcQ

met hyl et her wadét kpewn é‘terNHOdlsaéPﬁPeasa’FﬁF Iy L5t m@fh%x‘g}b]r 0%’1“2 N §8ld
Sol vent syst gpByaen&ad Ni "Igaeaiéxlteaatoﬁ&meg]htodﬁélicaﬁiomé rarstalbkeohol such as
PGVE and et hyl F

actat are preferred for_ abt ning | f
The coati ngs SRRYTBe! ‘ﬁﬁﬁlfé’c?v\ﬁrfhsgnﬁP?t (%I k’upr?olgbﬁ CH@O ot’J o?gfmps
sol veﬂt 3) ?f of@;OIament:eDnalloé?d pollomkki age ynddutoomslumetioneQthemivise, the
t et rahydr of ur oh to.i . Wi SQal
conmponent s, g\]/}ébig tckh Aso \Vérl\?p §1‘ée%%[‘1'%}:s;ofjisuek1éég%?ﬂn9§ {11;? ty OSIrl%Lklng
phot or esi st |a|g(emtrpatmmcj|ttl3e padiel ewsle Sof fiiva @mtd - §a§ %%lwm’ﬁﬁélﬁy S
FLUORAD[ err] ,FC 17 L QdhPr onot ers such as
egC|doxypro i Hype added to optim ze coatin
per f or mance. e. D?bg new adeJ'\?—'@rftle?élLIﬁ%I%O%fy‘@ ﬁﬁ’?‘Pﬁélﬁﬂﬂ%dl? ch’t‘??él on the
antlt-reflfct | 9651 €8RAHL Ao £ UMRTrhiaNb Othéﬁd;ﬁﬂ.si;ta&:ﬁenObEIE@Atden&iatty.ngf t he
coating at one or nore expaosi wavel engt | f t es_ar e naqt cal |
attached to tiREUCEF| &l D7 “r’fgé‘lg, rFﬁﬁ'?g%rhi‘lﬂtdveﬁé‘vgh r?%ladlfaf% d% ?tll onaly
grlczup V\:h: ch Is:‘ub@s&ﬁ&béﬁt@forfea@tIcagl\Mlbhetﬂimlmalsghldnkhﬁgafa.mlmI ng the
ake cycle of_ the.an VE. £a3tdN | eachin
and t her nal cﬁrﬁsﬁél‘%nm? af%eentd e m?kff'# B hot otr&gs?gfuggr%%%é?a@%he °
phot or esi st coatsisAgnking bedentg a@ylcltés e‘é‘ﬁ\e%eﬂml dédpreyest havihfy t he

follow ng funcldQralq0LOHRS e iR BiGhLE dséwerﬁf‘—me%\ibﬂsnefém@lﬁﬁﬁerrv&aetsl on
w t h am nopl ast crossl I nki ng agents: car boxyl i c acid, EEI mar co hal ,

secondary al dehdibe pRERBHT "rﬁy‘dﬁnoﬁl PRoRPERS YN STBRPPERERY ami? CUring
mnosubstltut;ﬁdz)cesaaa aﬁénﬁel(mnﬁmbr&t Et:umedbarpknmn(asmbstStutmibe O these

I
R T

coating at rammins, melamlne formaldehyde resins, benzoguanamine-

formaldehyde resins, and urea-formaldehyde resins. The use of
methlyated and/or butylated forms of these resins is highly
preferred for obtaining long stofage life (3-12 months) in
catalyzed form. Highly methylated melamine-formaldehyde resins
having degrees of polymerization less than two are generally
useful for preparing the title anti-reflective coatings.
Monomeric, methylated glycoluril-formaldehyde resins are
especially useful for preparing thermosetting polyester anti-
reflective coatings which can be used in conjunction with acid-
sensitive photoresists. The aminoplast is preferably added to
the coating in a proportion'which provides 0.20-2.00 equivalents
of alkoxymethyl crosslinking function per reactive group on the
polymer binder and dye. A proportion which provides 0.50-1.50
reactive equivalents per reactive group is especially preferred.
c. Acid Catalysts

7
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tenperature and high reactivity with am noplast crosslinking agents. at
curing tenperatures in excess of 120[err]c. The dissolved dyes should
have volatility characteristics such that they do not subline fromthe
coat i ntg dur :Agg,vobgsl.sf,nri n% cycle. They likew se should have PETQisP4/4ssas
properties ich.allow them.to renmi I ;EE he dried
coating w thout réftor rr?n%r s‘gonalrcataeﬁggyg%gg)laﬁé %Egéggé éﬁ'ﬁﬁqzeg%o1Ei sui tabl e
reactive dydslemydbengeeesbefanic acidpl @xallla‘colacééchplémfb"slfcrlg’%vel engt h of

interest. | h opmese ng&i t t
wi t hout | osr%hndg thﬁzﬁrunggl%cta%nviﬁgggaggs <58/ mbf E@ &“myéw%uwbg?ﬁléeg >

Exanpl e Read% iSA¢apy&ss for the erpasebhidy AAPORLEIR Y| W &bgeengt

Conposi ti 0nuséNﬁfebeﬂBlheﬁéﬁﬁlﬂ@ha&phelﬁbﬁs highly preferred.
Preferred

193 . . phen n I
X . Latﬁ@ﬁz%?’c:d acat&i ¥s v?hlgn Oéorm catar%tlc ]hlﬁ ﬁl %;?&E%ano
2, 2- |soprop3@édimedbpheneéting may also be u@hlemﬁféc’esmly rial the new

gyg:]?ﬁglaz]gg%é %%]fpggnr.\?éyetaqyln)geEQ1%15031tlons>( Examplegd'c?f such therm%l

4- hydr oxybi gpdighydenerators include bénzeinl tosydpheho?chieiahkenzyl.

X 2, 4 tar
1 £ Pf‘ﬂ}é SUELRLE
4, 4" - di hydrox éartl:zeop reurilo%rls( ﬁ%g&%@/ Q H Bhydﬁ)&?zblenr?zgpﬁegone

8- hydr oxyqutmriene
TABLE 1 (cogti m4Adknt Vehicle and Additi@@rrpl e React i ve Dyes

Suitable solvents for the new anti-reflective coating

| phenol

composition include alcohols, esters, lemes, ethers, cyclic
ketones, and their admixtures which boil in' the range 70®@-180®C.
Especially preferred solvents and co-solvents include l-methoxy-
2-propanol (PGME), cyclohexanone, 2~heptanone, ethyl 3-ethoxy-
proplonate, propylene glycol methyl ether acetate, ethyl
lactate, and methyl 3~methoxyproplonate. Solvent systems
containing at least 29 weight percent of an alcohol such as PGME
and ethyl lactate are preferred.for'obteining long storage life.
The coatings may be amended with small amounts (up to 20
wt.% of total solvents) of conventional high boiling
y-butyrolactone, and tetrahydrofurfuryl alcohol to improve the
solublllty of the coating components, provided the solvents do
not cause coating quality or photore31st incompatibility
problems. Surfactants such as 3M Company's FLUORAD® FC-171 or
FC~430 and adhesion promoters such as gljcidoxypropyl
triethoxysilane maybe added to optimize coating performance.
e. Dyes '
Solvent-soluble dyes may be added to the anti-reflective
coating composition to increase the optical density of the
coating at one or more exp051ng wavelengths. If the dyes are
not chemically attached to the cellulosic binder, they should
have at least one functional group which is capable of reacting

with the crosslinking agent'during the bake cycle of the anti-
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for Inproved Anti-Reflective Coatl ng Corrp05| tion Wavelength (nm Exanple

Dye" iy Preferred 365, (see
structures bel %99?46?79 see U 'S. Patent No. 5, 68$cPRgosionsol
Meador, et al.) (preferred
[err] reflectlve coating. In this way, leaching and thermal diffusidn

of the dye into the photoresist during the photoresist coating .
and baking cycles can be avoided. Dyes having the following
functional groups are preferred for achieving efficient reaction
with aminoplast crosslinking agents: carboxylic acid, primary
alcohol, secondary alcohol, phenolic hydroxyl, amide
{(unsubstituted and monosubstituted), and amine (unsubstituted
and monosubstituted). Of these groﬁps, primary alcohol,
secondary alcohol, phenolic hydroxyl, and carboxylic acid are
preferred for obtaining long storage life of the coating at room
temperature and high reactivity with aminoplast crosslinking
agents at curing temperatures in excess of 120°C. The dissolved
dyes should have volatility characteristics such that they do
not sublime from the coating during the curing cycle. They
likewise should have solubility properties which allow them to
remain molecularly dispersed in ﬁhe dried coating without
forming separate crystalline phases.

Examples of suitable reactive dyes are listed below in Table 1
for each exposing wavelength.of interest. It is assumed that
the same dyes may contain various substituents without losing

their effectiveness.

TABLE 1

Example Reactive Dyes
for Improved Anti-Reflective Coating Composition

Wavelength (nm) Example Dye ' Preferred
193 phenethyl alcohol
phenoxyethanol X

benzoic acid
hydroxyethyl salicylate
2,2-isopropylidenediphenocl

phenol/resorcinol
hydroquinone bis (2-hydroxyethyl)ether "X
248 9-anthracenecaibokylic acid X

4,4'-biphenol

4-hydroxybiphenyl

1- and 2-naphthoic acids X
2,2',4,4'-tetrahydroxybenzophenone
4,4"'-dihydroxybenzophenone
2,4~-dihydroxybenzophenone

8-hydroxyquinoline

9
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10 TABLE 1 (conti nued) “

Exanpl e Reactive Dyes for Inproved Anti-Reflective Coating
Composition Wavel ength (nm Exanple Dye Preferred
436 (curwamnwssi7ssee bel ow) [err] Anot hercgrussypssit

suitabl e |ight-absorbing agents conprise dye-attached, hydroxyl-functional
resins such as those disclosed |3,9F§ I\ﬁt ent No ) 5,693,691 to Flaimet al.
and co-pending U S. Patent Appli F 5°° 6%715%‘%1 425 by Shao et al. These
| ow t o medi um nol ecul ar wei ght =SS c%@vé”ﬁ;} dide 1) reaction products
of epoxy resins andf@f'ﬁt\éﬁb@lﬁs}\nﬁnﬁéi i@@o‘a@;ﬁ&ld itiBpepared from
| i ght - absor bi ng nono- di carboxylic aC|ds ed to increase the
opti cal dengwabvy¥ledgdhgnant examsid @gki ve coating and prOV| dec@eed®r
crosslinki ng dens3dy than (ase st raktaiesbaliowh sisplse UQW.T Parada Noei ght
dyes. Method of Preparatioh, 688,98Theoceédddrosiee d#inder and ot her solid
conponents of the inproved anti -refle % ve coati ng are di ssolved in the

sol vent _ - (preferred)

EO

CH 0

8O

oz (preferred)

£3C0 N - @
@/

HO
ot cN (preferred)
O .
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vehicle and then-diluted to the desired total solids concentration. The
order of addition generally does not affect the performance of the coating.
Heating may be applied in sonme situations to aid dissolution

conponent s, but“ﬁ’e’ﬂ’ﬁ@f’%tur es in excess of 50-60[err]C should %&T}é@%‘."’é"e"a to
prevent premature reaction of the crosslinking agent. A total solids |evel
of- 2.5-10.0 wt. % in the solution i $abypi Taldontiagedyed to achieve a film

t hi ckness of 350-2500 A when it is spin coated at 1000-6000 rpm for 30-90
seconds and then cured by baki ng. ERample tReddtiiake Oyésiti on, the coating may
be treated, for exanpfer ImpriooadeXchiarRedlpcbtes skaattingr ampesitdoal i on
contam nati on. ) 11 Preferred

Coati ng Conpo¥avelemgth (nmprBxampks] Dyenpositj onal ranges (ex@kei&ZZ8din w. %
based on total resi436olids) (FaEcymda,cSPEUPBLYW bi nder, ami nopl ast
crosslinking agent, acid catalyst, and reactive dye(s) are as foll ows:

Especial ly Conponent Usef ul- Range Preferred Range *
cel lul osic binder 15- 904 o 30-80 * am nopl ast
crosslinking agent _ 5-40 -35 * acid catal yst

)

0.1-10 =353 e attached. r esin ~%C4: 0- 60 _
0- 35 When conbi ned 3 proportions, nt I -reflective coating
conposition exhibits e t conpatibility wi KQ-pHetoresi gpsefdrred) NO
i nterm xi ng, as wel |[¥2as good room tenperature stability¥*and rapid curing
characteristics at bake tenperatures in the range 150' C-2250C. Method of
Use The i nproved thernosetting anti-reflective coating conposition can
be used effectively on all sem conductor substrates including crystalline
and pol ycrystal | i nenstiHeércgmnpusi¢f coritdbdgi Hightsiabsoshit®@geantsr camprise
al um num al ung pu | 1. G0N - : t i n&h tds r8ids@CHL¥&1 osed
coating is apg}( Pe%‘%%/éﬂseg?nhgggﬁﬁl f?{%@f%é%ﬂ%oﬁ)blrn %mg??rg A?,s %lgl ssegc)nds
Spi nni ng speed® BfS 4RFFEBGONOr pn 69dptej E}3yp et al. and co-pending U.S.

. Patent Application No. 08/954,425 by Shao et al. These low to

medium molecular weight resins, which include 1) reaction

products of epoxy resins and acidic dyes, and 2) aliphatic
polyesters prepared from light-absorbing mono- and dicarboxylic
acids, may be added to increase the optical density of the anti-
reflective coating and provide greater crosslinking density than
can be obtained with simple, low formula weight dyes.

Method of Preparation

The cellulosic binder and other solid components of the
improved anti-reflective coating are dissolved in the solvent
vehicle and then diluted to the desired total solids
concentration. The order of addition generally does not affect
the performance of the coating. ' Heating may be applied in some
situations to aid dissolution of the components, but
temperatures in excess of 50-60°C should be avoided to prevent
premature reaction of the crosélinking agent. A total solids
level of 2.5-10.0 wt.% in the solution is typically required to
achieve a film thickness of 350-2500 A when it is spin coated at
1000-6000 rpm for 30-90 seconds and then cured by baking. Prior
to final dilution, the coating may be treated, for example, by

ion exchange processes to remove metal ion contamination.

11
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preferred for obtaining uniform defect-free coatings on 6" and 8"

sem conduct or substrates. The spin-coated filmis then cured at 120-2250C
for 30-120 seconds on a hot plate or equival ent baking unit. Bake

t enper at ures ovo3%8EI*82000C and bake times of 45-90 seconds POraIsen(seai al | y
effective fore G H.0VeAFt I dnSsstapgs to interm xi ng with photoresi st
fayers. The 1]’ to 350-2500 A and, nore_typically,
to 500- 1500 A. Ereéepredi camuqstifopel nfandskiesBreeseM ridy Wo® PREed on

appl i cat i ontc:!u'dﬂ rdeﬁansloyn_ﬁn tfee eRél @@Ihlid[ﬂds)icpf)ihb@rﬁlﬁif&i;[dogtlgsand_ t he
properties of the photoresist. _, gtoresj st _is.applie spin
Poating overr et IEhian BoR1ts ariacerbelitie Pa FRpRriEndMaIeA S50t 2haked,
exposed, anfbllows: ' 12 - devel oped to
create the desired |ithographic pattern. An optional pOStt%f {f bake may

. ; . RAsY
be applied to tg%§€£%#9&35|st prior to;dexsl %Egggﬁ.b;hsppgg f?éﬁ“Rﬁﬁ B?L}ﬁén

i's then transfA! s ;i dds anti-refl T
(al so known as dry etching or plasma etching) using various gases or gas

m xtures whi AMECRIRABWPEITFIRELRT C2DP1E hogTHbhic art to be EFf¥ctive for
et ching organjgdpehyseyss €.9., [err], anditheir adm xtures. Qid uent gases
such as N2, Ar, and He may al so be present to inprove etch control and etch
efficiency.'AthPrtﬂ%e%ﬁﬁ'qchqgfF@Efﬁve cod®dg 1 ayer has been%&fehed, the
sem conductor substrate can be selectively etched, inplanted, or deposited
on through the paehecombidteredni phése pimicartdshsi el antii-reffe@bbetée ve.
coating | ay i’ t . .o L h esi st and
anti-refleé%%@%n ong%€§§$%§}§%§¢§%¥%fggﬁgg%ggg%gq%%ﬁlgﬁﬁfgrggﬁésolution i n
a |iquid stehqysirmgisheniicd .., Theintedpiddgsubst vallk 4 adednrpemdy for a new
processing 4)e@ature stability and rapid curingEeWFi&Rristicdhge fRddoW ng
non-limting exanples are illustrative of the”invention.

Exanpl e 1 tempegatpgedsin ddet zprgnyHRGky28htdal ate (2.5 g), methyl ated

gl ycol uri | el dehygle resin (0.25 g, PONDERLIN err] 1174, Cytec

I ndustries), and.p-toluenesul fonic acjid nmonohydrate (0.025
‘ ' ) Thg Emproved thermosetting antg—¥effgcti e coatg%g

composition can be used effectively on all semiconductor
substrates including crystalline and polycrystalline silicon,
silicon dioxide, silicon (oxy)nitride, aluminum,
aluminum/silicon alloys, and tungsten. The anti-reflective
coating is applied by spin coating at 1000-6000 rpm for 30-90
seconds. Spinning speeds of 1500-4000 rpm are especially
preferred for obtaining uniform, defect-frée coatings on 6" and
8" semiconductor substrates. The spin-coated film is then cured
at 120-225°C for 30-120 seconds on a hot plate or equivalent
baking unit. Bake temperatures of 150°-200°C and bake times of
45-90 seconds are especially effective for achieving high
resistance to inteimixing with photoresist layers. The film
thickness is adjusted to 350-2500 A ahd, more typically, to 500-
1500 A. The precise final film thickness required for the
application will depend upon the reflectivity of the substrate
and the properties of the photoresist.

A photoresist is applied by spin coating over the cured

anti-reflective coating layer and then soft-baked, exposed, and

12
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were dissol-ved in 97.25 g of 1-methoxy-2-propanol by stirring to forma

t her noset ti ng anti-refl ective-coating conposition.--The solution was passed
through a 0. [erry]y fl uor| nated filter to renove ni cropartl CUlLrRRodAREA" €
Spi n coati ng. $#1&8 sol ution was spin coated onto silicon and quartz
waf ers at 25@@vepopédrtGzatentbe adelsitroh lidihodranhic AT R e @tn 1750C

for 60 secon r 04,20t bak&fhar e @ppaakiingo | @ phobite ik
t hi ckness of %ﬁhéggggtﬁlgtgégp e%lgr m %Eed IJ\ifeel [ pg)ometr Ovvas E{ﬁé A. eost i cal
Tcating an

absor bance (A&riet thedeY¢IARMERTO. 7'5#%@%%%%%% s

optical densit¥nQkerrddbime tWeChABifidMddUiGNasyer by reactive 1on
13 SUBSTI TUTE SHEE ( RULE2

coating of | iekGhdngt h§tse dtoe 3sa9EB iy ld}ﬂ)u})c?&FE{“as%T?}éJrﬂg’ (51\/Selrngt he
cured anti - rerfalr%hsvga§@@tomggalsamekt@r@siuﬂaobmcarfel krmwmndmetss change in

the anti-refl e_ct| | nd| a | r]gggﬁ
sol vent - r esi §P§ﬁf’ }:\1’8% % %g ?)e?? ot rreg)eg%% or rru'll’%t pr epar ed
wi t hout the Qiasillymph:astecgo,ssﬂzb ndzl;ng Fage¢1l‘4,c§G§ed She anditkeipadmHigtusepe

removed. The plagie Lehs 'l 3k KN ANl i Chehbl e £Oald BaoSaRROgLLI ON

was determn To an ol def- géderation an | eCtive coating
cont ai ni ng arrg@roveat ﬁchwmﬂonedbﬁh%rei@r@\ﬁéﬁCYSm Bhker AOASAT ). The

test was perfz%rffI%@ts!%nsoMrﬁge 1%9gbaﬂasg§§eﬂne@dye@s tiaesémxxcm&r&
t abul ated bel o ch Etch Rate

Gas M xture sqg§§rR§g|6§n be se@gpﬁgﬁfly et¢&ﬁqnl;m§lpatgfxl?r deposited on

ggfgg/*gg/ He/ th%%hlzﬁgoﬁattern ff@iﬁed J.n the photoéfe44st aﬁéldrHa/-OZ

4158 reflecfl’f% °°at”‘19ne’raé’r°-§ﬁ|f|‘€%%‘%| sestsérepétlé%"%g'?e of the
i mproved conpasidliecedy ethe|p&muoaeshetohni@rar]:trlochﬁﬁl,eCQSMectalenq &€ he

advant ages { drorinedy DY’ BLAP SR HARGTRASAEL A LAVUINCTRR 18% CXRREES

osI C
Exanpl e 2  stxdsplingoshenterlat e ThpdFbRiPREd HHkatEates. 83 ghen meRafd H0&d2

glycoluril -foifipldebydsi igséytilel- 30 g, POADERLINK8 1174, Cytec Industries),
p-t ol uenesul foni ¢ acid m)nohydrate (0. 13){%4’9&9(1 a

The following non-limiting examples are illustrative of the

invention.

‘Example 1 )
Cellulose acetate hydroxy phthalate (2.5 g), methylated

glycoluril-formaldehyde resin (0.25 g, POWDERLINK® 1174, Cytec
Industries), and p-toluenesulfonic acid monohydrate (0.025 g)
were dissolved in 97.25 g of l-methoxy-2-propanol by stirring to
form a thermosetting anti-reflective coating composition. The
solution was passed through a 0.2 pm fluorinated filter to remove
microparticulates before spin coating.

The solution was spin coated onto silicon and quartz wafers
at 2500 rpm for 60 seconds and then baked on a hot plate at 175°C
for 60 seconds to form a cured anti-reflective coating layer.

The film thickness of the coating as determined by ellipsometry
was 997 A. Optical absorbance (A) of the film was 0.757 at 193
nm wavelength, indicating an optical density of ~ 7.6 per micron

film thickness.

13

SUBSTITUTE SHEET (RULE26)



dye-attached, hydroxyl-functional polyester resin (3.36 g) were di ssol ved
I'n a mxture of 84.94 g of 1-nethoxy-2-propanol and 9.43 g ethyl lactate by
stirring to forma thernosetting anti- reflective coating conposition. The
sol ution was pae9wssitshrough a 0.2 pmfluorinated filter to rROTIIS29/08801

micr oparticul at 9§plbzefc%€1n§péf‘ GRAL UNGthyl 1ac1E'&%e5Okuééﬂﬂbd\%‘%o’i@r@s?g@t ed
onto silicon and quartz ers at 2500 rgm or 60 seconds and t hen baked on

a hot plate %}V%FBOGVGFOFhﬁoc%@?oﬁ&?fBe Wehiyec GPabinntiayes Peedrged
coating | aygs Mncfthm&nwsfa{arngwdndeﬁecénﬁ:r-&%flzbeﬁréIm;td?d ckness of the

coating as de er ned y e rretr S 15 The opti cal den5|t of
the filmwas® per lp‘ VO% }éjtg éfmgl er‘_“n 5? ré‘{) st ﬁ; andX4 8
per mcron e@mpﬁiismm test performed on a formulatlon prdgared without the Spin

coating of J”h éjqa%tthggoggﬂ,gzﬁ%%’e?gg ﬁ%ﬁ&?%ﬂ%eébﬁir%@o%ﬂ%& télefé t he

cured anti-re tirve coatin a neg ness
change (< l1eemgvddy t fheaplasmafdtebt cebe | @f dihe ianmcaeﬂﬂftutvwgamggl y

crossli nked:gbSi®i¥aNhas ' &St h@Rbd relat AP khVE1 MU QRS ash HagnAPP! | ed
over the anti-reflective coating | ayer and then baked, bl anket-exposed, and

devel oped afRflacsiy@ecPRtiRY |Gt Pﬁfﬂk%@ ?%W%Flﬁhﬁ?wﬁﬁfﬁneaﬁdnﬁﬁﬁ
reflective cméviétﬁ Sl’cgﬁﬁtélexh(!?ﬂcbhﬂ)l at t'I@iref i’&ueta@@s ;(dszo&ﬁe::lnﬁgiﬂ@ ml | deayer
is present, t hi ckness_ of nti- reflectiye ayer wi appear
to increase® ta‘?r]”taé‘rt FRSt ’8’r’é%‘f%ets pr 3@835??1‘@“5% & é 3By f%feocﬂ °¥’he phot or esi st
remains linked to the surface of the antiBtchf Retél ve coatktch Rdte t his

I nstance, the Ggpdiethrencr GaseRaaps< 10 A(A ) cati nBelabiveffeedD-1&ly no

| nterm xing OGGMUERE,/ne/Ar 8/8/12/200 1513~ Example 3, ,4 An
anti-reflective coating conposition for 436 nm exposi ng wavel ength

appl i cations &3/BeéPared by2868H(4Hi ng a ce?ltfl ose ester biRd@f, a reactive

phenol i c-functigeal, dye (curcppbpdo an epoxyiggesin, an am n@pbgst _
crosslinking agent, and, an aC| d ata st i.n For mul ati on

solutio
of Anti-Reflect P8 Ehdp} olRPESH StCB Thgs PhI HiRy IMPTORE edi ont s wer o
conbi ned bycsipasiitignt neIa:lr:meatB 6hat oRdeolprdsiucont especntlilyr €bkethe ve

coating conpasidd QAsCRILESAOINNE bRyddie WL32aLehlY &8l A med the
expected advantages for using a cellulosic binder.
Example 2
Cellulose acetate hydroxy phthalate (0.83 g), methylated
glycoluril-formaldehyde resin (1.30 g, POWDERLINK® 1174, Cytec

Industries), p-toluenesulfonic acid monohydrate (0.13 g), and a
dye-attached, hydroxyl-functional polyester resin (3.36 g) were
dissolved in a mixture of 84.94 g of l-methoxy-2-propanol and
9.43 g ethyl lactate by stirring to form a thermosetting anti-
reflective coating composition. The solution was passed through
a 0.2 um fluorinated filter to remove microparticulates before
spin coating.

The solution was spin coated onto silicon and quartz wafers

at 2500 rpm for 60 seconds and then baked on a hot plate at 175°C

for 60 seconds to form a cured anti-reflective coating layer
which was uniform and defect-free. The film thickness of the
coating as determined by ellipsometry was 1573 A. The optical
density of the film was 8.6 per micron at 193 nm, 3.0 per micron

at 248 nm, and 4.8 per micron at 365 nm.
' ' 14
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Component - - Weight (g) cellul ose acetate hydrogen

pht hal at e 28.40 (as S wt.%solution in propylene glycol
nononet hyl ether or PGVE) curcum n (dye)
1.02 epoxy restMPPE1780 wt . % sol ution of Ciba 0. 74 cEEgsgssn

Aral dite MY720) 6E¥Mrlcddiihyg ©ft @¢qhadusthyledpciricnoph astmmon photogegpst

crossl i nking %ﬁ%@ht,po$é4lgﬂ%?%ﬂ EB”éﬁtfcfékﬂEE%RQxdEé£€1ng layer produc@dog
PGVE (sol ven ts)

15 negligible film thlcknessixgﬁ¢gqac§ @80%@|hﬁeﬁbe %ptyqﬁﬂflegf}gﬁ

and Testing af;y8nti s ReflactiyvetCRatki Rghly crb@1dnkbar ghd esdiwmtcoat i ng
conposi tion was appl led onto two silicon wafers by spin coating at 2000 rpm

for 60 secondssSdf42Phen baked for 60 seconds at 168C under vacuum on a hot
plate to insol ubi i pBSitEtBréBQﬂidtﬂgesﬂae mt@jalmﬁebvwsmmﬁedemectlve

phot oresi st devel oper and t t he d h eth | act at n
phot or esi st sc(ﬂa\)"éﬁg E?%e{ e‘?tde t&?f‘s%ﬁﬁ%‘g t@d‘-‘l'mf e SHedi ?id' and %}Vé;iéa\?%rggge
starting thi cleagsso( basetf am Snekirmpsedelayenmeds phetenesi perandhfaartli-of t he

anti-reflecti v%l%%@gl ng go{f‘r’;g%%hg‘f{'}ran%\??\t 223 A eth I%Q%XSpe n 2 was

915 A. After 5mmersion 1 h ylamoni um i de "devel oper,
the average timtekmésedfbrye3pds masgntnctlmstéd%egssoﬁ g avpi- The smal |

t hi ckness Ch%ec@gb§aé&ﬂ; trﬂ.)atlagrgg QQﬁi'%é’ﬁs t|3' QHEYeE;‘.@Sﬁﬁélked

m nim zing | oss érrer and dye. Specinen uddl ed with et hyl
| actate for 5315%@6%%5 qu@%gvéﬁﬂc?h%rp%rﬁ&ﬁnof’ff FBed%lT%?‘?ﬁer?e‘srtem st ance
to the sol verdemaff@s 10hBedtitd pBRUsEREELERHE ChAYE-EeEedti vk nRBTiNGS) NOW

913 A (- In this instance, the apparent increase was < 10 A, indicating
that effectively no intermixing occurred.
' Example 3

An anti-reflective coating composition for 436 nm exposing
ﬁavelength applications was prepared by combining a cellulose
ester binder, a reactive phenolic-functional dye (curcumin), an
epoxy resin, an aminoplast crosslinking agent, and an acid
catalyst in solution.

a. Formulation of Anti-Reflective Coating Composition

The following ingredients were combined by stirring to form
a 3.6 wt.% solids content anti-reflective coating composition

corresponding to the present invention:

. Component Weight (g)
cellulose acetate hydrogen phthalate 28.40

(as 5 wt.% solution in propylene glycol
monomethyl ether or PGME)

curcumin (dye) 1.02

epoxy resin (as 50 wt.% solution of Ciba 0.74
Geigy’'s Araldite MY720)

CYMEL 1141 (Cytec Industries) aminoplast 0.72

crosslinking agent

p-toluenesulfonic acid monohydrate 0.07

PGME (solvent) 62.05
15
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0.249% . Again the small change was insignificant and indicated that-the
cured coating had excell ent solvent resistance. Absor bance and et hyl
| actate stripping tests were nade with the coating applied onto a quartz
waf er. The optwoadssassor bance (A) of the coating at 436 nm weaBesss@ as
determned by a UV- visible spectrophotoneter. (This corresponds to an

optical density [OD] of 5.0/ m crQn, i h(éosn 8 t)han sufficient for 436
nm exposi ng wavel ength appli cat |-wsﬁ¥gﬂr§rvr—et{-ﬁ|irygl—l'" actate stripping, the
optical absglbgnos WRIoR: 4490rdsthind ™D AH@i-Q@fl%&t&b@r Sodeshy/i rtually no

dye renoved by tne SOl Vent _wasni ng process.
16 WhatThes aptdirpeflective] coapgng niﬁ‘?RPédtéﬁPl waR{IRRYjiafe OBSSt i ng
conposi ti ontwo mnwasw WwaE8fs by spid) cdatDhy e mbUBbﬁ £61 180 @wicenBsnder

selected fromt ro consi.stin ul ose esters

cel | ul ose ana ch Sne PREPE. £0z ébol?)ecﬁﬁdﬁl ﬁ/gﬂa{ge% A HoplPest ™ c PBs3 1 1 OLki ng
agent deri vethta dr insolubihﬁamhnepoaltawg iz cgabndnvanfsr ovasgliymeksed |

c) an acid A c | vist heat i ng
gener at es afrg Erle%afﬁyé 5? aC| %Q é’é,ef"’ﬁhﬁﬁlgé’ nltEP ethyl d) a

sol vent vehl@¢1€amrt ) hpgmogmhﬁém'ysmt mﬁmﬂl:aﬂ:@staﬁ‘d resistancegekbul osic
bi nders and.gfdLeldayg . surface wetting and : evaporation properties to
obtain a defect-free coating quality and feature coverage at
coating t hi cknes&s agerage StartG“GSthc’ET‘eﬂ? FPEE8AsOF of HhIRSOMeREYr aphi ¢
pr ocessi ng.measuremateoweswaman of thaiantlifreriBet i ¢ongsd Sindd for a

SOlvent-SO|§%géiﬁ£%e Oaasygbgnﬁd”%% §%ckﬂgégﬁén 2 was 915 A. After

immersion in 0.26 N tetramethylammonlum hydroxide developer, the

average thickness for Specimen 1 increased to 933 A (+1.1%).
The small thickness change indicated that the coating was highly
crosslinked, minimizing loss of polymer and dye. Specimen 2 was
puddled with ethyl lactate for 5 seconds and the solvent then
spun off to determine resistance to the solvent. For this
stripped specimen, average film thickness was now 913 A (- .
0.24%) . Again the small change was insignificant and indicated
that the cured coating had excellent solvent resistance.
Absorbance and ethyl lactate stripping tests were made with
the coating applied onto a quartz wafer. The optical absorbance
(A) of the coating at 436 nm was 0.4558 as determined by a UV-
visible spectrophotometer. (This corresponds to an optical
density [OD] of 5.0/micron, which is more than sufficient for
436 nm exposing wavelength applications.) After ethyl lactate -
stripping, the optical absorbance was 0.4496 (-1.4%), indicating
there was virtually no dye removed by the solvent washing

process.
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conpri sing -ef fective functional groups Tmon Wt

am nopl ast crossl i nking agent during a tm“mmlﬁm ““!\m’“\ cycl e for t he
conposi tion. The conposition of C ai ol ve

dye is a phenolWQ’?’ﬁﬂ&’flonal corrpound or & nitxtbre” of PerAbstden
phenol i c- f un¥havnké Clonpownds: 4. The conposition of Claim2 wherein the
cellul osic binder is a cellulose ester and the solvent is selected
fromthe 1.gr ol remisived gt b retkRatlva CoREING.- RIRRRIAAYRP pr opanol |

cycl ohexanone, 2-4 @{H&Qﬁ; el hyI 3-et hoxypr opi onat'e;- pr opyl ene egcoI
nmet hyl ether acetate, nethy OXYRr o IOQ or th el

admi xtures. 5. Thb %o?ﬁgd’selnttl‘éﬂlB]Pl?]%ﬁ]rﬁ“f' é’rgﬁﬁ ?ﬁeé%Jeemﬁ §é°5‘sF8?s are
cel lul ose acetate, cgtdup eamsaseingecodudellallesecebtetosnd celladesat e

pr opi onat e, cellulose acetate hydr ogen pht hal at e, and cel | ul ose
acetate trimellitate BT The conposition of Cdaim1 wherein the cellul ose
esters are b) an alkylated aminoplast crosklinking agent der1@ed|@rg@e
acetate hydrogen phth an | [ I The
conposition of d ai ML %%l\%led qégg Hérgzs ula'-’lcntéum\"/ltnEe "B ‘%icﬁﬁé.% relr}ts of

al koxynet hyl cross)iakiagid ma@laﬂ!ﬁﬁtp@r a latendaeridecqtdbislorhife BBPHNEr
bi nder and dye 8. e ld wlaghes;

bi nder i's esterl%&egb 2 %bgh@% ﬁa%%dllgélcyg%? %&%ﬁl%d b aromatic
nmonocar boxylic acid @®las to | eave sufficient hydr oxyl groups on the

cel l'ul osic bindergfog %Rﬁeﬂti %hﬂ@le wmwirtlrght B@l&ﬁhﬁ@pfcﬂtstandwdpﬂgsts and
subsequent bake cycl es, osit m 8. wher ei q:m

| i ght - absor bi ng C%Jrjo‘i‘r]disllc? ﬁﬁﬁgft I‘?r}cf%é%rlae gUBtaty H’reé"cengcg Boxyl i c
acid or a substétvap@thicionnprbpesicias th.obthéncenpetedi-ciregf cChr&ing 8

having 0.5 to 1.5 re&&éi%@§ and fSQH&¥éJS%UéEJE§'aE698££¥EbEHH¥H%nesses of

0.05 to 0.20 microns for microlithographic processing.

2. The composition of Claim 1 further comprising:

a solvent-soluble.dye or dye mixture, said mixture
comprising effective functional groups for reaction with
the aminoplast crosslinking agent during a thermal curing
cycle for the composition.

3. The composition of Claim 2 wherein the solvent-soluble
dye is a phenolic-functional compound or a mixture of
phenolic-functional compounds.

4. The composition of Claim 2 wherein the cellulosic binder is
a cellulose ester and the solvent is selected from the
group consisting of ethyl lactate, l-methoxy-2-propanol,
cyclohexanone, 2-heptanone, ethyl 3-ethoxypropionate,
propylene glycol methyl ether acetate, methyl 3-
methoxypropionate, or their admixtures.

5. The composition of Claim 1 wherein the cellulose esters are
cellulose acetate, cellulose acetate butyrate, cellulose
acetate propionate, cellulose acetate hydrogen phthalate,
and cellulose acetate trimellitate.

6. The composition of Claim 1 wherein the cellulose esters are

17
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cellulose acetate hydrogen phthalate and cellulose
trimellitate.

The composition of Claim 1 having 0.2 to 2 reactive
equivalents of alkoxymethyl crosslinking function per
reactive group on the polymer binder and dye.

The composition of Claim 1 wherein the cellulosic binder
is esterified with an ultraviolet light-absorbing
aromatic monocarboxylic acid so as to leave sufficient
hydroxyl groups on the cellulosic binder for crosslinking
with the aminoplast during subsequent bake cycles.

The composition of Claim 8 wherein the light-absorbing
aromatic monocarboxylic acid is 9-anthracenecarboxylic acid
or a substituted cinnamic acid.

The composition of Claim 8 having 0.5 to 1.5 reactive

equivalents per reactive group.
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