;e3eZ: 266748 9 :6: T:Yq*2 4 0 C T 2002 FAST- ETCHI NG THERMOSETTI NG on
ANTI - REFLECTI VE COATI NGS DERI VED FROM CELLULGSI C Bl NDERS BACKGROUND @]5 DMEZ
| NVENTI ON This invention relates to bottomlayer anti-reflective coating

CONPOSi t i ONEa §6SE bty INE Mok bl SESIT TRBOART £ 51 HOTQ GL SESSr TN @rRalEbLCUl arly,
it relates to thernosetting aabl-¢BilRsivereRpEOSi tions having increased
pl asma etch rate during subm cron processing. Bottom applied

anti-reflective coatings amgcUs8RENEXIENTHY el ¥y r b cron phot or esi st
processes to elimnate the i St andi ng wave formation

—defeterious effects of st
during phot or 8diist 2BXpBEIATe FeTRESS dre ROGHPM s8¥ehramidi pafF§cotvea pol yner
bi nder anga 1rg@Rbmabs of King u@@f’@PL&nﬁ,muQFciQM?erW&Br@Ysb%Mﬁ'.' y
attached to the binder. The coatings are a p ied onto the sgﬁstr,ate and
then over'tydt &@ThiCH! ERheY pHdt SFE3TST .19 tthieg PRPOTtEne that ¢t hective
anti -ref |l egidosa teeaki ngvad ihhee phed anesinat edoh nadte ALEE A Xs@midien
interface between the two | ayers, otherw se photoresist performnce and
feature qUaIGTY™WPI'l be degraded significantly. This requirement to prevent
i nterm xture IBetweenapbeighehot eseSte@aridet heabdidomrantseef | ective | ayer
has been nmet_ in _prior_art systens by invqokin ne. Qf chni ques. In the
first net%ybtcﬁnstlﬁglﬁof@n%urbnﬁi%ﬁ arp}f%tyosre Séc'}eag %e%Sae\c/%e tgmgllgg'ﬁjf?/ytaer ggn%‘fti C
st ruct ur edendtitely icont af hsctpoledr st amdd g wgveupermaicienaguafide, imde, amc
acid, suldne Kekeng,,add ureq, opi £ld %%m?&iggﬂ%ﬁrnc§bg?§ya$9ng the pol yner
mai n chain. This conbination of structural features prevents the
anti - ref IRRMIMAE LOREPAGETTF GMIAPREIRANGINA EABPPYNGLI @TpABE or ¥3i St ™iYd nakes
it resistigntcHehiicaliepnkxiNgew 6 the morted phed arrsiists| ayerapherd he

latter is baked during a typica rocessing.,cycle. Antireflective coating
Conposi | e BaSed BACE A% SR8nchst S CABLEP | HEH | et RECEFEE IR ende

i ncor por atedinreneiantbyhaeftereecnoel andf ambeeredoaisi folahdwshe 9, 91D, 122 to

Arnol d et e, 239,,99 ElL.aim e o 8 o] al .;

5, 559, o Ter ey, Sgegogﬁ.”;teg{“gﬁ"ie%tesaf’lé)et 8%#2?%6%;%&59?;5@5{%%%8029 to Fahey
et al.; 5 BBEB7ELPErKhse Phetosksist BrFoen8ned VBrekeptere afualign

5,693, 691,10 KHalgdetadl-signific2nth wCl T200Zrtinilmenecondot et que, the
pol ymer bjnder .is esh ned w gh t hernoset ti ng at res, so t hat after

Bppl | cati O LIS CBAE RGCCET 5251 ST UM Tie2et" By HeRCrRE™ e bi nder

cont ai ns refier@Envey leyossidasnkabhemduniot iponak groupstemsgbpupsvadiirgh can be
crosslinked by rgactLop, W ih an added reagent. In nost instances, the dye
is attached to the binder. Thernosetting anti-reflective coatings are

rapi dly beconiliy thhe fpr et atatéadeotipoAalivens PordeuB-s0sgbented o have

m crol i t hogtajhic -appht catdianstbesausi@olcchbelfis BHQET Qink €54 S§rangR to
interm xing Wth phatoresjst |ayers.. Various dye-attached, thernosetting

bi nder ch@fi'std @5‘lHSVel GBVE| Bped. S?ﬁgﬁn?hc]ﬁfé’é’ephaﬂél'i“ée%i nders such
as those descridsedti nethSr RBateataNong 5he9pp888et onakunzhader ylTia sbi nder s
such as t : i hed_ | e n i cati o . .3 by
Urano et (g ﬁtﬁgéegﬁ P%{Lecﬁ;d Eg\gp |cg‘%e%ngfﬁ‘gg‘g%%%&f?%?glgbf/&?ﬁgc é’r%ay, uU. S
Pat ent No%0aGires£r297dhfelly i652inoThe d iMdd| PhetPkasigt. andre kA ido- pendi ng
U.S. Pat epds ApfnitCabl 0Rt Nani X386990: H 6% by oleadofh&tordki 5t NDEN &+ Gthe@POXY
resin binders such as those described in U S. Patent No._ 5,693,691 to Flaim
et al.: atPphHtit€IpofyRetst Praberd SiRiradsPFROS dEsEYFbRd i our

co- pendi ngetl & tiRat ekt Appldompbi ONi 6K 39260 byhiShaonetpal aze pol ysi | ane

bi nders such as those_descrjbed in U .S. Paten . .5,,901,619_to Dichiara et
Al and TR BSFong: FE b ider 6L 6UEH AETROCE BROE8d Y n LS RS ent o
5,982, 817and rDimdliradaast fallowsall, 810 vilfi2choaRenot @rtped at ed, hes 39 by
reference.olm sy 39 MLron BERCESSINs L0e,PhOLOLeS] ghopattern is
transferred into the anti-reflective coating %y"pl asma’'etching, usually
with oxygehchisarehetaeli ved 7En&nt . taHe gimasima et cHih§'pPotess Bahmdes t he
photoresi st dayer akiabopt:d heosane: rate asghl, erddespibgeanti -Jief,l ective
coating since both are organic in nature. This [eads to two problems: 1)
the si de\/\é’l"lis:"oef%t'ﬁ@lpﬁﬁt’ig)]raéﬂ &t #katures are etched laterally, causing a
negative feature size bias; and 2) the loverall thickness of esi st
is reduced, nmaking it a less effective mask for subsequent"Ml‘mmmﬁlmm’umm ng
of the substrate. Such problens render it critical to mnim ze, I he degree
of thickness required 2 40 CT 2001 for an effective anti-r8ffective
coating, increase filmoptical density (i.e., the | ight-alﬂmﬂ

r per
unit coating thickness), and until now it was critical to m’mﬂ@mﬁm' C
content in either acrylic or polyester binders. Anti-refl ecti*\ée C ngs
prepared fromthese inproved binders thernosetting structures %1 bi t
pl asma etch rates 1.2-1.8 tinmes that of ol der-generation ants-reflective

T - T



2 4 OCT 100 ' of using the sanme which provides higher plasma etch 2001
selectivity to photoresist |layers than prior art conpositions corrpr?éiorpd
acrylics and polyesters, while retaining their nost desirable features

whi ch incl ud ther msett in char ct excel | oat.d uality and
feature cove?‘rage at uf:f) % ? ?’h én grs?es%‘E 8% ap%l?%e %’y%spl n
coating wetrhcrderrr@ﬁeethemtfeaadrmeeﬁonseotlsetmadcmduepphcsmtbmrr athes; | ong

st orage om.t fast i d al density
at the dlélé%{fle ua?]r g]\e/i g{;@? expogfﬁggﬁe@ge ein I?;%S %hn%%?e&rnﬁ%?‘g

i nt er m xinexnth ypltobes esikstblleafenst i Pl iqrmu@\%edrt teewps ethtiichg can

ant i - ref beCliye 160akhngy CATRASICH Qn | on sutbalantbgbhy. comprised of : 1) a
cel lul ose ester or other solvent-soluble cellulosé derivative which may or
nmay not EBRt A TR chéhecdlV e yLartaerbad dye s dtindsr - 2) The RS Htdnst i onal

am nopl agh ¢ £¥QsSldAKivBgc88EMHys %}eaﬂaegélya;e%mllageaﬁeqgf@keqafteel yst, 9) a
sui tabl e sol vent, vehi cl e, an optionally a sol uble dye or dye m xture

whi ch i sCEERRDI e O rféécf‘i‘khd) it Hth%”aThWﬁfpllléé‘f’gE?B}%s‘Fﬁﬂﬁ%ﬁ%@@ﬁ% and

whi ch enbabgese tdie topt i Calpadanrsi kt¥softdhee cratiadetnl Mmad Wike exposing

wavel engt pé % The resulting conposition is stable at room tenperature.

Cel | ul 0sB 851 Hav8Y 5 t he past, been formulated into thernosetting
coatings for \(m:es:usudheaswmﬁdcoaherngmdmtlnrq;oblmerC@mmrmlahaheg@us to
anti-ref ive tings., The use of cel l rs,din the nonanal ogous
coati ngslog?%se a/evseg%%bed ?%ery el>?§ % en? ?D Pﬁ%\%\ﬂgnsuﬁ] g° Sat 8nt s

i ncorpordt%e@rﬁeerdellml EySreE@re@rtceio 9505)97 &@@ tte Sanderscmlaazl bindet83, 783 to
Brewer etyah.ss ams% 382: P8R d AnNEgLobekn efa@lne ARG sUk{al NSy of

cel | ul ose esters for use as binders in mcroelectronic coatings, and nore
speci fi caFPUP144r 3akyi VEene &t idde - cBAFPRYRD Hadesbr pPPE FRE 9 0m t he

above- dese6r 8 bexk qna.0r bar thdeeawse sush ratertequist es, ¥8F y2 di faherent criti cal
requirengn f t hat e i nstant mcrolltho hi ¢ oce whi ch
reqwrersT%l%g%hgeﬂ;B_’l ?Fﬁ%“i%" ESISFEI ht &P S ng oW ?Hgg acegnt %pzlleg)rtrer | ayers,
not abl y, AQprliQatfi @CN20028 p}ot,Gredsbgt Méager st 2) . theoabfiact yeroayf orm

def ect - T ree: £aatiNgs 3ol 4d artlenabLim Lok clnssesol e Gy 0. 20 mi cr ons;
and 3) the ablllty to formsolid solutions with a broad range of organic
dyes. U. 8/ Pttt =5 382imox- 123 -Ni 21 dPRREI@tPoAVesteE rPtR9SE Hriesér RBes t he
use of athydé axed atieddr es1 dud Ricebenabhy @. yiy daeenyl appincddral acrylic
resin) u t| th th ceII Ios est.er The purpose . of the

hydr oxyl gtsgggur er.bfsn cggﬁ? 6 ‘NP2 %feg TS lgdﬁrrts)vf?jcgh crogts G°hki ng sites
for the dmpabilrdssl UnRi n@ataagentNo TheyOtl &l mtlsdécbevmmet6,all.i;-nenés -

Col um 7, ki D& Pmdehat pifad e hydr Qéyjcﬁé@@' J&3i-Apks absend ., duhencoating
conposition vm | | have poor al cohol and chem cal resistance. W, or course,

do not u¥8-a> iRyl &PelitEsiT? &8 &h- adf Wbt YPACBUFT anttcTerratefve
coating eeppOHsidy arFeaBdcswul d not because it woul d reduce fil moptical
density. Neve{t helbe e, sur risi ngI% achl eve god al coholttand chem cal
resi stance w t'hout hg hOHFORY PAPER T 289 nh Wit PACSGpeTt oF HTAERE &Fch rate

i s achi e\tabhefetwreﬁsllmgot biee celtivireséeestee @lasieg EFhepMzma)leek:heogpom tions
are used 0. k. oF cro efl ective
coati ngs u\%ﬁ%?gh}lg?lethugégg abs( Qge gggglégmg%%c?nmé Eggc%%%%steﬁgn o-El t he
present PHPERES cﬁﬁFqC’@SabbFlI@EP*C(%teélatseﬁi’%brﬁu@#’@ﬁtsﬁh@tﬁf%‘t% 1aEespbn coati ng

and thenikeateged WLCBhtY-§011 £Q 198CEDEEI A 10 Bothi 404 MrHefiectsfree,
crossllnked coating which exhibits inproved etch selectivity to photoresist

| ayers aR@*Rfgh cﬁd“ﬁ cafadensy thycaPrPheeRRsi rldd T8k pdsTRte Wal &ifeigEn.
DETAI LEDpDE%RﬁTsItO\ﬂe@EuIé-IE dMVENELEN Thee binder saokifdiea preRg@Alei NVention
e_esters.and et The t her ef l'ective coating

[ t.t t
2(r)rerp8§| t:%Sﬁ%%?et%lzeprbegehta’ii\?én FSnO?S?E‘?ngt& g g S t €a) a cellulosic

bi nder sehettees fatomst hedgealip mnadnspsitng bsfssself\fentwelmftﬂ}e feel | ul ose
esters a {0 e y no ssl_i nki ng agent
deri ved gg%@%&am%ﬁtg%hgréegch%) né%g ggga%?%%&afw Btgﬁ?upﬁ{bq (I:T)S an acid

cat al yst rendar| bt erntitacid egtrezlrygtlzmtbh @Weh@étl gl gereratreguared
catalytically active acid species; 5 2



2 40CT 2002 d) a solvent vehicle with high solvency for the
above-descri bed conponents and effective 'surface wetting and evaporZdt §©h007
properties to obtain good defect-free coating quality and feature coverage
at coating thicknesses of 0.05 to C 20 microns when the conposition is

appl i ed 6ot cemiedrfeekért ron ic fistrarescoarid g . ophroedd Vi1 lg) oatical

sol vent - soh Ul dye orcfye Mt Ugocompy Ihng ghbechiy e ddinghi onal aroups
for reaction th 'thé am nopl ast crosslinking agent during the thernal
curing cybiekrrss)f,orntR bl owrfoor 1theaantiLiclleépi vee cout iafgme COMPONENTS OF
COVPCSBI TLOIN @+ Gl Lyl psi ¢, Bijnder %rApygyé&teyr ofi nael yentzsal ublre.cel Jdil ose
ester and cellul ose ethers can be use repare the title conpositions.

O thesecpé\blrgi%@ﬁ§}¢>aéé¢Iiﬂ%éh@%e#’ﬁpé@ée‘grbéﬁéﬁédﬂb%ﬁ%@seé t8fSt hei r good

sol ubi |1 5y rbH GRS LA 8R! vends 1such . 8st ghdwlcHaackate. Suitable
cellul ose_esters include cellul gse acetate, cell ul oseeggcet ate butyrate,

cel | ul osBLARETHREIBFOPY oMt ¥, reééleFEFtﬁ%eC%Pcté%epﬁ%% rFrﬁ’H“t RaPBte, and
cel l ul osegragetad epougzls{mfd)méat e. For appl i cations at ul t ravi ol et exposi ng
wavel engt hs of 193 nm,a a% nm | ul ose ac ﬁate h %ﬁen Bhwal ate and
cel | ul ose acet&t% ¢ri ﬁ%]”rﬁ & é‘FS @éf)%cji al iy § &f BRR Y Bidder's™3i nce the
pht hal at erandng r imeehlihg adrey estemtgpoupscicantasizbpgt eilb e igphitcakndensity
of the coat d n ed ul et hers
such as. pot o= i SECHE bk nPERst A i os e B s b e o

pr epar e Phetﬂmlaﬁtﬁl Uﬁeﬁ I ‘e@tnnﬂ@tcaaﬁﬁﬁg@ﬂqirhfedédr@ helz drmveegdegut e

sol ubi I'i gy éﬂp&srﬁ?cge%@glé&%ﬂ geti %@bVﬁrﬂ@ncﬁ%v@ bat &y spffdnei @Rtnresi dual
(non-etherifed) hydroxyl groups to allow insolubilization by reaction with

the am néPPASEERGOSERP Nk AP AHIFC. 2THePRBY (NG S8YERY AR iFéSeEan be furt her
esterifi gdoobr®d hesswi §ewchesp ald )ﬁsﬁDdbcﬁA}edat\Mhtll@héfQﬁm&dl('.‘erﬁymdsar yAal i phatic
reactants to ogt ain d%/g ah ached ngers Wi tch n| rgt(::r eas d I gig gbsor bency at
ul t r avi oPef € 8%pousiTiy “havRt engt e St roP - a%HNDIE, Y9 Satwith

9- ant hr acerneeaehoxydol @hacardt;l-arecféeptwermﬁtolr@tl dyen uséothen lptier it

pol yrer gt £efd a6l kufipbricdn 4D eire ToltO0o GRAINGS, Wil i ncrease opti cal

denS| ty at 3 nm and nm wavel eng Esterification with substituted

ci nnanmi ¢ aci dASCifiHeéY ot Hed ¥ Talrid 2 WE?@ e RedaBeabady betfdy eative

md-ultr a\bbohﬁ@s wamehesghiisi t SUch siedi 1l ethpaltymeraps ofkicits veanobe prepar ed
by wel | Q ssuch as reactlon wi th acid chloride cid

anhydr i dé’g ot %Slegi St ©6F W’n LESEi T eati™ nosSlrtr:ﬁéD “be 'cont dl%Igl e however ,
so that abk efondisa @srdhad:swm@)o%/egt@ws éiincheteel bl e peh?wer are

not consq@eqsuﬁmtwesmj&Pec&r?étl%gﬁ@ ant.dr‘r:'er ath L opicdbe Jensalupj lized by -

t he crosslinking "agent during the bake cycle of the anti-reflective
coating. 55 ARPRRHES 1EF 6Ly |9ﬂﬂtﬁ@lA§%‘ﬁteWb Ré% aht FRT F9%¢rPve Toating
conposi t ii@NkhswE WELdheBet Hiei SRIE Gandyet ort suhst vat El@@’tﬁchﬂxe&ppbbcail on of

heat. Heatin uces.a cro i nkin reactl gtween t hydr oxyl

subst | tugLDntlég dthee Eéfapﬁ'foégllepc r]rglg Yand t am&'rnl‘cj)p’f%lth1398 ssﬂl hki ng

agent . Aoswgﬁhatecr egact hehoperalesi b@tlmenste‘rte:mmssl Faki ghlgy agert and t he

added dyesyqkf pt?iaesﬁr%nt;onab&&%l{lhfalnngoﬁ,rﬁé&cg YIS chScHh M ¥ sakygentyresi st ant

and |nperV|ous he interdiffusion phot or esi st conponents. Such curing

processe$2aPe wettd IBFBRALE + bin TR epPPOYMRF ISPt G4BT B Hii GROICAEE L 1C

crossli mélrféﬂ\aag@r%r%dp@c%ugﬁ &4 Yorainyn i bn&%i@ir@qhy@ags esnmS property

mel am ne-fo rrﬁ de esi ns, benzogLflanam nef or mal g resins,  and

ur ea- f or Hdl §7%I\ée §. TTFRONP 16 ThEt RESHRED %ahilf of T BN 1PCBA T Or s of

t hese re&iolpswsefu,gm Y. prﬁéBygLeJckd‘n@@ abaapdsuymguld@@g sted age dlicke- (3- 12

nont hs) in catg %(zed forEn t%b y rreth | at ed nel am ne-for mal degyde resins
of” P24t Fom9

havi ng dégreés R S8s 8 PRAR © Vi Cal QT GeReY & IV 1G8ef ul for

preparingchyéiti sie radyestef |leotders. coatl ngs Mononeri c, nethyl ated
glycoluril-fornal dehyde 4i88iaRs BFCrSsRaGhkY 1sSiMod Or preparing

t hernosetti ng pol yester H’nh—re‘f—éettﬁe—mngﬂmrvﬁ can be used in

conj unction WEhlad @sensipPeyeoRitfsitorést e sPreRf@ tadNOPtE&t GO preferably
added t o greiceal i M@diNade PLoperddiQReWBbsh Y QUnes: 0. 80-ZPheegyl val ent's
of al koxymet hyl crosslinking function Rer reactive group on the polymer

bi nder and dye. A proportion which provides 0.50-1.50 reactive equival ents
per reactive group is especially preferred. c. Acid Catal ysts 7 2 4 CCT
| U~ Strong protonic acids such as p-toluenesul fonic acid,

dodecyl benzenesul foni ¢ acid) oxalic acid, phthalic acid, phosphoric acrd,
and m xtures thereof may be enpl oyed suitably as catal ysts for the

t hernosetting conmposition. O these, the use of p-toluenesulfonic acid is
highly preferred. Latent acid catalysts which formcatalytically active
aC| d speC| es _upon heat| ng may aI so be used effectlvely |n the new

o, o " p—



y-butyrol actone, and tetrahydrofurfuryl alcohol to inprove the soiuﬁ)i&L[i,W
of the coating conponents, provided'the solvents do not cause coa f il
quality or photoresist inconpatibility problens. Surfactants such as 3M
Company's FLUORAD~ FC- 171 or FC-930 and adhesi on pronoters_ such as

gl yci dox9propin9 tiiiceEABY Y& IAn@ T REYBRS ddd8G t Bl opta MAtFE epatthig ity

per f or mapgeph &t oA S £ SOk yVery t$hubk o dyas rBYpbe: edded cbapt heing

anti-reflectjve C(?%':)i ng, col osit\lwgg to increase the optical density of the
coating AFT¥hESHrrHoPET EKPUTI g "Rave| BHGERS 91 P Ehe THrds 98P HU cheni cal |y
att achedrtet thes celilctl ostudd:nder, they shoul d have at | east one functi onal
group which_jis coasp()a%l%l e oghar eal tei rll%tvm' th the crosslinking agent during the
bake cycle BT SAhe 98 P F A S G e °2002 refl ective coat i ng. In this way,

| eachi ng - anelx¢dicremal cdef frusiprlatyt ored dyee tivmeocther gavoteor et sd-tdumi ng t he
phot or esi st t. ' > _ayl aving the

fol |l ow ng fE%%?ie&%%lkﬂgg%%)%?@e%ﬁgg?%??D?C}S gP ggé}?ﬁ&l rrlng&g???'ci ent reaction
wi t h ami noptastllands sEhaki ¢y tagesnscorndrdioxysbbshedtes/pri mary al cohol ,

secondary aj 6onalyo RREND| & 4y HoR%Ytem@H-4e [Llinsubsti tuted and
nonosubstituted), and am ne (unsubstituted and nonosubstituted). O these

groups, prif@afy AddRoFPeE®Scondary al cohol, phenolic hydroxyl, and

carboxyl i.c aedwl eyt cprebersad fr cabt@d Nika LoPgasidragexpbismpf the
coating at room tenperature and high reactivity w th am nopl ast

crosslinki n§ ByeMtE 48! Euring tenperatures in excess of 120C. The di ssol ved
dyes shoul dnbavies amalnabil ki iyt ciraxactevitst ippotouebi ¢thatayveltey do not sublinme

fromthe coatiig Gri0gsthe. Srddnd, fycl e They o LLkswicse shoul d have

solubility properties . mto remarn nol ecularfy dispersed in
t he dri edoBp@asinigPrniitheuPs fatttiadg ysepreitsedceryst &l 14 e phases e seanpl es of
sui tabl eckeaghévesAyRscaser st edi1bel o ideTabkevd Jarcneash &xpRrsi ng

wavel engt h of interest. .Ith{s assu g that the sane dyes nmy contain

var i ous 8ABSEPRTRAT SR RBLY1RPRGE AT BRPEEF U cHleds " TRELE 1 Exanpl e
Reacti vefDyesiédmal lavpmopeasAniiosRefihkeoid \weeGaat BngarCampasket o0 déwvel engt h
(nm Exanpl Preferre n al . p X I benzoi c
aci d hydrggkge?%%l%%'i é§/| gt %gl%a%ﬁi%sg%%épnytl iV%@Eg ?bkﬁ%ﬂ%l %gﬁg%ol/l ésor ci nol
hydr oqui Bdne BPE{PlehParory et dfy IMeithEer whichogsocaptraacénseasbiodgyl i c acid X
4,9' - bi phenal t B hyrdr@py bk pheryd s1hnkangd ZdmpRhhoLg @fidsaXces the

2,2',9,9 -tet rgh drox&begzo henone 9,9: -dihhgg’r oxybenzophenone

2. 9- di hy§P5x§BensBhHeroRe B hydioxyqlt HbIahe s S*B°% 201 TABLE 1
(conti nuedyeExagpl & )Reathe vee fas nboromppricved AatstdRéfel ect romn Coat i ng
Conposi titggpg\ggghe@_gt h (nm) Exanple Dye Preferred 365 (see structures

bel ow, also see U S. Patent No. 5,688,987 to Meador, et al.)
Cellulose esters have, in the past, been formulated ainto

thermosetting coatings for uses such as wood coataings 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 intermixing with adjacent polymer layers, notably,
4



(preferred) Fo O/ caos o Oo0-'" 3C~..,~0NO- O\0~ IH3CO~ (yr~ OH Ol
nl; (preferred) t 3C0 0 0 ~ _ HOvV Ca3 0 NC (preferred) crt 10 2420(3'@“
2Q02 TABLE 1 (continued) Exanple Reactive Dyes for |nproved Anti-Reflective

Coati ng nposi ti on Wavel e (n Preferred 436 (curcum n,
See bol GOPL B STt e SR Rer BF 1ot P Aoy Hort F ol o1 e ab e 2

|'i ght - aksonbt ng-@gientia leonps ¢ise sdye- af t @ctted,. 2hyﬂt©zqus-fandt3)0rraie resins
such asaﬁ}q e d{ scijt orse% ﬁl Us. %{Ltlon Wl% g} 6 g r69nl t%fF!Dalgn et al. and
co- pendiFhg TS, " PatEht SREpF i catiGn 1%959,°825" Y7 Siao et “'HC These | ow
t o nedi wyesnl ecul ar wei ght resi ns whi ch i ncl ude 1) reaction products of

epoxy resinsyand aci di c5d¥§§ 4 f, 2] L phat i QQI% 38 égrepar ed from
e

l'ight- absorblng nono- and dIC ¢ acids, to increase the
opti cal mensikilyedfthchaisganpf ¢éf>4der@t<vﬂ/@t@<ba1tqsng éﬁde%ﬁr@\blldeagr eat er

crosslinkifg,densids ihan & gym Q@E@hﬂeﬂa Widnl B EADS L walk@wefor mul a wei ght
dyes. Met'hod_of Preparation The cell ul osic binder and other solid

conponerﬂesllﬁﬁof?leesltr?ﬁr -oVBE BMERCSRePl ek Vi oY ABCArEsdPs 8t e ieh t he

sol vent teelhel €1 aind & h@npdbbmeectrb@slh@kﬂﬁ;slsrlezdst ot althsokindso concent rati on.
The order of _addition g does not affect thf{rgeerfor nce of the

rally
coat i ng.CHEAL G Hhy %5 th?%oc%aﬁm o SSIEY 8hs &84~ dr¥58ut i on of
t he conpnnamhs 4puthdtertger at uneiroxglexeessesih 96- 80<emhothd deatave ded to

prevent premmture re tion_of the.cr | i nkin t, | solids |evel
of 2.5-f W? ?rvﬁﬁé hg LRoor %lco 3P an ch%m?ggP re 15Eg%9 %Vé a film
t hi cknessr @bugse)r 25D oA wﬁenalltyclrs;xgpahe@omse@ as 40036060t rpmdugr 30- 90

seconds and &Q@pe&w&ed c%xtb%l&gnpo%’&wén;oaﬁd nab1di Akt iRReuEbe Coating may
be treated, for exarrfp ¥
would reduce lm optical density. Nevertheless, we surprisingly

achieve good alcohol and chemical resistance without the
hydroxylated resin and a superior plasma etch rate i1s achievable
by using the cellulose ester alone. The Niziolek compositions
are used at 0.15 - 0.25 mil (or roughly 4-6 microns) versus
anti-reflective ccatings which are used at 0.05 - 0.20 microns.
The composition of the present invention is applied onto a
semiconductor substrate by spin coating and then heated
typically for 60 seconds to form a uniform, defect-free,
crosslinked coating which exhibits improved etch selectavity to

) photoresist layers and high optical density at the desired
exposing wavelength.

DETAILED DESCRIPTION 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 alkylated 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



i on exchange processes to renove netal ion contam nation. 11 2 4 m{zﬁﬁ
Preferred Coating Conpositions Preferred conpositional ranges (exp? S n
wt . % based on total resin, solids) for the cellul osic binder, am nopl ast
crossli nkj ng agerdnt aehdcrabal yrshigandoreacty ferdyrs) alsse -at falilbbews:
Especial ly gon’gonepg Us(gf L%Ifec nge I?Jrrgf erredtgarp eandc%lvlaul ogiccobi nder 15-90
30-80 am nSpF‘B PERrosstin i'ng zligen 356 Y65 359 &1 capgfys% 9.1-10 2-5
dye or dyevyabbacheds resiabt@i6000eB3Mfeen -corbi nexkiny hesetprapdrti ons, the
anti-reflegtiyg coglng COMRORLLL O, %'l'cp.}qf%s%%eé 33%% ggrpappbility wth
phot oresi st's, T. €., no 1t S XS ng,- as wel [ "as good room't efrperature
stabslity aidrpapi dheurtiheg cohapatctiem stsi eppatedhakea enpepal acesonrc t he
range 150C- ho f - | nproved thernosetting anti-reflective
coating coﬁégggf?%gbaﬂ]c@eo&ga %’flf)!e’cti vely on all sem conductor substrates
i ncl udi ng) c? ystialdnitme cdnbl podwecroystide | hivet wid icopprising cdif editdyiede, silicon
(oxy) ni tri e, 2k ynh DU ol UFLRUPL Sidiiron ;s /bl oYs aridiyagsten. The
anti-reflective coating I's applied by spin coating at 1000- 6000 rpm for

30- 90 secord$ssEhR it hpEPeedsr b9 1BB0LA60D2 1 pRH EFY Sypeti aftyIpFief erred

for obtainipagoWnkberime defrectetl e iGRALILAGSNEN 6" and 8" sem conduct or
substrates. The spin-coated filmis then cured at 120-225C for 30-120

[
seconds o 2°MotT It QOHPO%%Q}%I ent baking unit. Bake tenperatures of
150- 200G andcdakd dsiiresinfie 85- 90 seconds are especially effective for

achi eving hi resistance_to intermxing w.th photoresist. |ayers. The film
t hi ckness isggd\faursltez:d £0 é%&?%o@oglué%%,C#Dlrugotsﬁpfe(s:gﬂya,ndt 5%@0@@56 P.. The
preci se ethetsfadrmbiehiuckress pregaireeth¢ oritlve cappbetateron Wdfl tdepend upon
the reflegtiyidyof Lhe,sybstdatssand.the. anoper Lkes,of dhe phot gresist. A
photoresist is applied by spin coating over the cured anti-reflective

coati ng Fayeribid tiferosBre - RiKeo2ekPOsEWVEATG F2¢h 25 £tRYET 2002

devel OpedaI:Oa‘Cél’).ei-tsﬁlittlaﬁédeéél’.'lﬁgdgiet E@giﬁ@mhrﬁblﬁb@'fet _eémumeorétdeagale, |
post - exposur e, bake may be applied to ot oresist_prior to devel oprment.
The phot S?ggli”s S &TEAN S RIS S r ﬁﬁg’éf?%d alcﬁtt(%%fh%r%iﬁqn-arteef'l ective |ayer
by react reéluvbrsetasisitpge( bydoodemophhhabatty )y agtdckiehyubyselaastmtet chi ng)

using vatious) 0ASAS O rgas. pi Xl esn Wl Ch, ALS KBeu LiLdde
m crolithographic art to be effective for etching organic polyners, e.g.,

@, Gz, "Frelersthef3 193Fm ady 20RelF ot Xtlpe8sacer ey (F2968 such as
N~, Ar, pRohieatmyaal seibelpsesertate tAFaMvE tekehacodIlciand et ch
efficienc . been etched, the

. After the antireflective coating |ayer h
Ser condbE e 5T ALY SEE St €6 BOETVRTY GVehed: T i e >t6F deposi t ed
on throughothe atitmibuteoraethd pptheaphdtroriesi sif ahe errtimef,| edtilsve coating
layers. Wign-ilesssSheRs @gyeacta%%ngg]‘ggpl eted, the photoresist and

anti-reflective coating are renove y plasma etching and/or dissolution in
a liquid stripptiiy ERefitears sued serrppdl s Widdat end htdrenrvivegsy 1f or a new
processi Bg1Cytdes RRAMREES d hes a0k bowt &g NOnHel Rieli Ag: £XAMIRS 13ke
illustrative, of theﬁggv ntjon. ExarrB e 1 Cell u}boze acet at e hydr oxy

pht hal at 8°¢2*B%)P*3 ﬁ§| 5P2Y MYcBPERTT £ GritaPdehidet t &St SFEess g,
PONDERL | kia 1179, s et sl addistarited ), saffi@gidral wesesuél omon-aahedradachydr at e
(0.025 g}, uere, dissolwedol i 27, 23,91 0f s 1 SRLNGXY: 25 DrapANol, iy, SLErring to
forma thernosetting anti-reflective coating conposition. The sol'uti on was
passed t ARougPl a510.Xosmlinkord ratead-filter to renove microparticul ates

3;;2;5 Spin coRd i 1, 1REeSQL YN VBRSSPI YL CQaked 08 O SidiipRand quartz

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-reflectave
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at 2500 rpmfor 60 seconds and then baked on a hot plate at 175C for 60
seconds to forma cured anti-reflective coating |ayer. The filmthiZkR€34002
of the coating as determined by ellipsonmetry was 997 A Optical absorbance

(A) of the filmwas, Q. 757 at 193 nm wavel ength, indicatin opti cal
Gohsity. 60> 3988 Sl hiafsaeas 1SR eRecrEe gt 259,58 194 Sl SRepr
coati ng efavelgugthet hflstkact ate 1 eonhosuiphottetesi sinsahventgidsvennt he
cured anti-refl]ective coating |layer e filmthi ess .change In
the anti -trhgf Pg&% vheaqdayérl?ii%n |Iceya s‘|en§5’3|9' yﬁ%scyhgéhhg@céggg I ncilee& and
sol vent - wvegedtagths A Sogpandsoiiddesblppef oprneticens azf operubatnasrdpbgpar ed
Wi thout Lhe,aghagpl st aLossbl Ud na-agenh causedabne,eotises gl baggto be
renoved. e plasma etch rate of the anti-reflective coating conposition
was det eemhnddides at ihe eotemt olfdahegenepaiforetannretseded ve coating
. contai ni '&%n%@o@i@&‘ﬁt}lo&el@@kﬁs% flane RhRdge {Br ewrrn o196l epger ARGS ¢ Gpd1) . The
test was perforned using three etchant gas m xtures. The result’s are
t abul at e@®"bé&lBwre B eiPSRaPe! Fith &t 8CBaSOMWtafte BhBeRAI$Os (W i n)
Rel ative de016Podd 1IGRAUCHR3! HeddY 1/ 834 2901 1518 19. DR CEOA 436/ 104126/ 65/ 26
9168 2.39 Ar/CEG 200/{}9‘0 9158 1.75 The 'ﬁi gnifi c_a&éL Y faster etch rate of the
i npr oved 286RPoSPT1¥h T8I BRFG YT a RE 5MBef D dddd et E8peti i ine for the
second gas naxiHesl adececexygen wasgenesent, confirmed the expected
advant ages fo?husli1 n% a.cellulosic binder. E(g(amtné%lseltZOrC]Jel | ul ose acetate
hydroxy pht hal at €"{D. 383 gf ¢ - 1t yi%a 88 gy ot b r ~# 87 maf deéhiyde Tesl' (1. 30
g, PO/NDERIerNKonfdFr Gubetrdrelust rihes ppppr talivenesuhéani ¢ RexFitdngonohydr at e
(0.13 g).;randea dyerdhanhed, Madcrtgw pbEREsd anRl ROl ¥8st &, de3iA (3.36 g)
were dissolved in a mxture of 89.99 g of 1-methoxy-2-propanol and 9.93 ¢
et hyl | actu®E&ibyerts ra et et bifse PRéVAPSatd t§canPir@riattii ve coating
conposi t!c&@ss-ﬂﬂﬁkﬁx@dlj LHgie@nlﬂt.)V\/?ﬁ Pasised tbeetghh aa_lg%uZS‘“llﬂ’é{\_bé@“ﬂ]ﬁt ed filter Ejo
‘remove m cropartjcul ates before spin coating., The solution was spin coate
onto Si | 1CER AnE A Gaf B - 860 FBRTTor 66°368bnds: Mhd t hen baked on
a hot pl atesvattingS fuortug® sSecloiglslyt cofl vent-aruisednantdnd rigfipeotiove coati ng
| ayer whi s HunLfor g, d ~free..JIh i i ck .the coating
as determt(aqnéC bf/Hg ﬁ)lpﬂs%%g??ygﬁofgf%gﬁsg e}%&eﬂogg#gél_ %g%zi%l% the film
was 8.6 FEPCRISEESNER YEI3 KRPWB. IXrqFetlRi BF 6PF &#tXt298Sh#atakdRl 9.8 per micron
at 365 nmmikBpladt beideb1In@ing lagepitd caalbag @fydoiqui d-eéhyd1deaglate, a
common phot qresi st. sol vqr%t ovcgr the cured anti-reflective coating |ayer
produced & A&§r i §F bTE i AT TR TRWESs r@ﬁéﬂ@e%engﬁuﬂ?aﬁnhn? he anti-reflective
| ayer, indirgatlcryydte neesnki gihy wregsEormkédetamt sebvent r eBistmms ofA

posi tive phehoheshSindes 8RP)ied PUuRnthesantdsd eklbesti ve caating | ayer and
t hen baked, blanket-exposed,” and devel oped away to see if an 1 nterm xed

| ayer of RAFSESEES| §¢F Adaant e e¥rectsiteEaesatiify (Ferai RRUtdH tiHe | atter

surface. dddaigRebnt &l X@dghayafedrs 1pegentlakihe -kbrgknessyed ddaens
antireflective goating | a\éggﬁwi | ) appeaﬁgt o incr Egse after hcit or esi st

processi MY "$ifc 88§67 9o M He PG or 88T st ¥ emiPn8 T Fi AW 0 Yt he surface
of the antdefrndf fectprepacaatyi nige )title Ansitnstlanceyvet heatppas ent | ncrease
was < 10 i ndi.cat | £ e tii.vely i rm.Xi.pg; 0cc ed. Exanmple 3
An anti - rlg‘qog%? fl\glé Il(]:%gﬁlggggo%r{%%]tu:%% F g?mélg%e%ﬁﬁeekggéﬁq%gﬂmgavel engt h

appl i cat i BIPEORas 1 prejrirdd Iby Rofiy Hiingg thcceeiqitese psigestenderti-a reactive
phenol i c-fdMeli-Qnal c4e nGULELAM Man 3. GBEXAYi A @HnAundPi &M RoP astig-
crosslinking agent, and an acid catalyst in solution. a._ Formnulation of

Ant i - Ref | ¥t e VEoBR T TR c€a/pDsi t1thh 2FHEOPOF PovisngTEAGF &b ¥ &Rk @ conbi ned
by stirritg: t@zkong an 3 @r%oﬂfehﬁ@{ iudﬁcenogtemideagr\toi.-zoetle@téyﬁm&hiﬁag( )
conpositio rrespondi ng to.the present .invention: Conponent Wi ght (g

ol T ot ose b aatRr PR b gdr: b P Th o 38 T0T (B8 5 RFESTRaPLRRbPN Hfr opyl ene
gl ycol nopmpetelty bistidrerandr dP&VE)A proportion which provides 0.50-1.50

reactive equivalents per reactive group is especially preferred.

C. Acaid Catalysts




curcumn (dye) 1.02 epoxy resin (as 50 w. % solution of Cba 0.79 Ceigy's
Aral dite MY720) CYMEL 1191 (Cytec Industries) am noplast 0.72 croggl §¢kiy gyg
agent p-tol uenesul fonic acid nonohydrate 0.07 PGVE (sol vent) 69.05 15

0°C T 200 E}: anple 3,.(¢ b, APRLI gatdan and 1 Test ingcof

Anti - Refl ective A(%atl ngg%&eng%tq%s- rgfcﬁgct i }\gle coat | n%]acorrp!c:)s?ﬁ on was applied
ont o twodsiexrengsiness L bynispiarisbatragl at e 2000 PAriee 80ideconds and t hen
baked for,,60, ﬁ&cloa"'da%@t ;#}@% %dﬁresveﬁgy&pwy fm.st eRbabgedi O NS@L Ybi | i ze
the coating. One coated wafer was i mersed in ‘photoresi st devel opér and the
ot her puddl edt a4 etiifyl thactreosg tESREADACPIOIGEESI st OSoFhetfy, 16 test

resi st angget 9 thase ymdisal r e aa\e%age ﬁi%ﬁiy e drkirgkness (based on 5
el li psonetry measurenents 1;:)er waf er) of 't anti-reflective coating for

Speci nen 1 was2oF £cidhgetibrstSpedirBnt 2T MR Gy TACe ALY e? CT iR RSEBN i n
0.26 h t%béaﬂ@i hyd Rk Uiy hmr caxus@ebdeueé@p@ﬂf,ectcheeayeﬁagehé hiegkness for
Speci nmen increased to 933 A (+1.19%. The s t hi c ness, ¢ e.indicated
t hat theaé‘ﬁétf s i GRRGARG §s°§ﬂP°ﬁP<éa°“ﬁ1 lﬁ@ P séu‘bkf 'gbﬁ ?fﬁér and
dye. Speeictreng&hanest qrsddh et s tkherﬂtohyll tbagzlatte f2emibreseenngs and the

sol vent then un of ter | vent or this
stri ppedttspéjcgﬁ%’n ané%/é&"g gffflﬂb{}ﬁfﬂg %9&615 31r1§ ttg?ééx fo? { Agai n the
smal | chamgensvas i nsi gni f| cant and i ndl cated that the cured coating had
excel | enty sol nt Baipgtance, g Ahsarkance and ethyl lactate stripping tests
wer e mad —onto a quartz wafer. The optical
absorbance (Ajubfaklfe sedaeihy Lar 336 AAYwaRt D IHE&CcAd VaeEeeHited by a

UWi si bl @ ospest+ ophotRehera1 ddiis, Ceskespongs e  arcapticalydansity [ OD]
of 5.0/micron, which is nore than sufficient. for 936 nm exposi ng wavel ength

appl i cat "6RENSS AFARG tHERYI 2 TR HTE S PR BRI Pt L (e tHSt FEREC abiBt - Was

0. 9996 (‘E%pg%allﬁqife&telrﬂgdtw\féﬂ/&@sa\ﬂjrEb‘a§$NVé?QstQCEQH@V§-dneQ%o&pe

sol vent Shl ng ‘ﬁ @Eﬁ% ooz What is baﬁr@ i.s: 1. An
It oved SaREPPREN] i cOuEt T EOREGe! 1O TIEr SERGY - a SHIVENE. sol ubl e
cel | ul osipzobii nuetre saleplyédné roipddiemgtoup eomsi stdengtef eehylul ose esters
and

lactate, and methyl 3-methoxypropionate. Solvent systems
containing at least 20 weight percent of an alcohol such as PGME
and ethyl lactate are preferred for obtaining 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
solubility of the coating components, provided the solvents do
not cause coating guality or photoresist incompatibility
problems. Surfactants such as 3M Company's FLUORAD® FC-171 or
FC-430 and adhesion promoters such as glycidoxypropyl
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 exposing 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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cellul ose ethers; an al kyl ated am nopl ast crosslinking agent deri veg f@f@@
mel am ne, urea, benzoguani m ne, or glycoluril; an acid catalyst or i .
acid catal yst which upon heating generates a catalytically active acid

speci es;, & 150k YNt Aehhgl e W tdhihi ghysol vangy of ohq am ol ast sr@ndn
cellulosic binders and effective suryace wetting and evaporation properties
to obtaitf &"8ef¥et: T RoBRTRY SGaari BYX HH HEaPliPePtTRierae® " Toat i ng

t hi cknessgs vaki g st,/dl@sOCRQ ¥8 crvensiebor mydy (Bx|akzhh@91f}9d3fﬂleb\nQ€@SSI ng; and a
sol vent - sol ubl e

ye or ure gonprisin effec Y nctional groups
for rea ‘i“&ﬁlﬁﬁﬂ qq?@”ﬁn%(ﬁ%p‘?ra er&eg g? hr%%"éﬁ%n‘f %ﬁﬁﬁer‘? RiNeMal curing
cycle f(mtthhemﬁ:mgamu conssPinkilme egaposi ticenbokytlaianil, phianaiwn sai d
solvent- e dye i ollcfun i onal ou r a mxture of
phenol i ¢ bi on% Ond%‘ﬁ'goun%‘ﬂ1 p'?ﬁegéorrg] s(%rtolgglri o‘!f]'ndl %aim 1, wherein said
cel I ul osﬁwuslmbadetuueﬁ andeﬂnbmmtes’;medanobrtdwemsoevemsub$t$e¢'e&rt ed fromthe
group c | a aﬁlq! cI ohexanone,
2hept an%ﬁ‘? %%bﬁgfg{%tlg&%éypr g%?f)tﬁaet% H%%gyl gnéﬂéf)g dho(i et her
acet at e, sqReNIIREY 3eahory pP oph Oridt éydéprhelarndaéﬁf&@w@s: a4ld'FhTee conposi ti on

of clai Bdoresaid £8 |o%'t@§h9nc?'lﬂﬁn%r skekhge a iRl byl pse @lhehqcomprdeni ng
sufficient residual dylhrox groups to allow insolubili zatl on by reaction

with sai't"RFALPF At ogs] ’f"rﬂﬁtﬁ@'lédeﬂfth A WA BF o854 Bkt Mbpl ast

crossl i nkjerg sagentudimoprenpataduresaid coemaside 0nokl TRe4ddiks617ed002 in
sufficient quantities to E)row de fromO0.2 to 2 reactive equival ents of

al koxynmetRA SBPBES Ve MGl tmkitivofhBERCT Baictbive GrotiptiGt £REY pift ymer bi nder
and dye. nc5:. stbeitonpesi thenceftitl@idmnring seid cveapgseydien f unéher conprising
a sol ve soI ubl e d%ld %ravgye ]%xltlulrte co rrltsllerégwgffhectl ve %mctl onal groups
f or reac PSRt RPTHS A% Ropl aet (s BF PRKI R “alBht " diiri%ig 2T et mal curi ng
cycle foremdie vonposliarilondispérbeselibukbsi@risicndertbed nytaogel | ul ose et her

conpri si fg-mwkf lsglggpatter %§ng§illh\)gd P4¥ksgroups to allow insolubilization by
reaction with said am noplast crosslinking agent, and sai d ani nopl ast

crossl i Mktayi&§ent T}&tﬁ&lﬁr ESEt ien dé’SFdaE%nldé%FFl B h *Suf FPLs ént
quanti ti®&sr teacpr expaa rigr @aVOLéhdth fr eacéteer .eqiivas eadssimed ahdwoxynet hyl
Cross) | MDA LUNGLLOMREL FEAC) |18 @100, OIL L1800 MBI AgEr,@nd dye. 6.
An inproved anti - tive coating conp on
sol vent -Soiiubleéfeetifdngsise bi nder esteri f| ed with an ul travi oI et
| i ght - absorbi ng aromati ¢ nonocarboxylic acid so as to | eave sufficient
hydr oxyl groups on the cellul osic hipaderifor crosslinking with the
am nopl ast during subsequent bake cycl es;

Example Reactive Dyes

for Improved Anti-Reflective Coating Composition

Wavelength (nm) Example Dye Preferred
183 phenethyl alcohol
phenoxyethanol X

benzoic acid

hydroxyethyl salicylate
2,2-~iscpropylidenediphenol

phenol/resorcinol

hydroquinone bis(2-hydroxyethyl)ether X

248 9-anthracenecarboxylic 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
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an al kyl ated am nopl ast crosslinking agent derived from nel am ne, Uéz C1.200
benzoguani m ne, or glycoluril; an aci*d catalyst or a latent acid ca ﬁvgt :
whi ch upon heating generates a catalytically active acid species; and a

sol vent vehicle with high solvency for am noplasts and cel | ul osi c bi nders
and effective surface wetting ggg evaporation, properties to obtain a
defect-free coating quality and rBat u€"&d08FHge at coating thi cknesses of
0.05 to 0.20 mcrons for nic&g%it gq&g@@kgepé(ﬁgssing. 7. The conposition
of claim®6, mher%bp i ‘%JJGthﬁﬁgg&kg'Qgi@JQ%? L 6o MO cﬂﬁQ?éX|lC acid is

selected fromthe grdﬂﬁ consi sting ant hracenecarboxylic acid or a

SUbStitUh§9e9é§£?£39m§cbgam§1eAﬂmi”prOVed anti-reflectipsgrepadd Ng

conposi t L 18 srbtdrls hAQR2 2158 santy SOT BRI & C /bl ul osic
bi nder chemnical |y nodifisedgy §dv aor gasdant esebected fromthe group
consisting of aromatic or arylaliph&tic reactants to yield a dye-attached
bi nder havi ng increased |ight absor--ncg at ultraviol et wavetengid)s;, an

al kyl at ed am nopl ast crosslinkig aggnt “Yerived from nel am ne, urea,
benzoguani m ne, or gl ycolggrLi adid catalyst or a latent acid catal yst
whi ch upon heating generates g Cdtal ytically active acid species; and a
sol vent vehicle with high solvency for am nopl asts and cel | ul osi ¢ bi nders
and effective surface wetting and evaporation properties to obtain a
defect-free coating quality and feature coverage at coating thicknesses of
0.05 to 0.20 mcrons for nicrolithow'ap; C processing. 9. An inproved
anti-reflective coating conposition saoprising: a solvent-soluble

cel lul osic binder selected fr onsi sting of cellul ose acetate
hydr ogen pht hal ate and cefd— ACE rinellitate; an al kyl ated

am nopl ast crosslinking agent derived from nel am ne, urea, benzoguani nm ne,
or

-

a;c\\ M o
—@H o \__
({K3CO) (NE) OH

!-Z3CO\ Z @
a

oE (preferred)

0CH3

e cN (preferred)
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gl ycol uri

generates a catalytically active acid species; and a sol vent vehi cl 624/\.?
hi gh sol vency for am noplasts and cellul osic binders and effective su

| ; an acid catalyst or a latent acid catal yst which upon heating

12002

ace

wetting and evaporation properties to obtain a defect-free coating quality

and feature coverage at coatin

microlithographic processing. HAPLE 1 (continued)
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cal ca] ca]

= %3
- (preferred)

Another group of suitable light-absorbing agents comprise
dye-attached, hydroxyl-functional resins such as those disclosed
in U.S. Patent No. 5,693,691 to Flaim 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 crosslinking 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

1on exchange processes to remove metal ion contamination.
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transferred into the anti-reflective layer by reactlve ion
etchang (also known as dry etching or plasma etching) using
various gases or gas mixtures which are known in the
microlithographic art to be effective for etching organic
polymers, e.g., O, Cl,, F,, CF,;, HCF3;, SF¢, and their admixtures.
Diluent gases such as N;, Ar, and He may also be present to
improve etch control and etch efficiency. After the anti-
reflective coating layer has been etched, the semiconductor
substrate can be selectively etched, implanted, or deposited on
through the pattern formed in the photoresist and anti-
reflective coating layers. When these steps have been
completed, the photoresist and anti-reflective coating are
removed by plasma etching and/or dissolution in a liquad
strippang chemical. The stripped substrate is then ready for a
new processing cycle.
EXAMPLES

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.
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indicating it was highly crosslinked and solvent-resistant. A
comperison test performed on a formulation prepared wxrthout the
aminoplast crosslinking agent caused the entire coating to be
removed. The plasma etch rate of the anti-reflective coating
composition was determined relative to an older-generation anti-

reflective coating containing an aromatic polysulfone binder

(Brewer Science BRC® CD-11). The test was performed using three
etchant gas mixtures. The results are tabulated below.
Etgh Rate Etch Rate
Gas Mixture Gas Ratios (A/min) Relative to CD-11
CF4/CBF3/He/Axr 8/8/12/200 1518 4.44
CF,/He/0O; 26/65/26 9168 2.34
Rr/CF, 200/40 4158 1.75

The significantly faster etch rate of the improved
composition relative to the older product, especially for the
second gas mixture where oxygen was present, confirmed 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 thermosettang anti-
reflective coating composition. The solution was passed through
a 0.2 pum 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.
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10810%&' ¢ flsysSiclQ¥ut&nf)remained on the latter surface. (If an

intermixed layer 1s present, the thickness of the anti-
reflective coating layer will appear to increase after
photoresist processing since a portion of the photoresist
remains linked to the surface of the anti-reflective coating.)
In this instance, the apparent increase was < 10 A, indicatang
that effectively no intermixing occurred.
Example 3

An anti-reflective coating composition for 436 nm exposing
wavelength applications was prepared by combining a cellulose
ester kinder, 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 wr.% 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
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The anti-reflective coating composition was applied onto

two silicon wafers by spin coating at 2000 rpm for 60 seconds
and then baked for 60 seconds at 168°C under vacuum on a hot
plate to insolubilize the coating. One coated wafer was immersed
in photoresist developer and the other puddled with ethyl
lactate, a common photoresist solvent, to test resistance to
these media.

The average starting thickness (based on 5 ellipsometry
measurements per wafer) of the anti-reflective coating for
Specimen 1 was 923 A; that for Specimen 2 was 915 A. After
immersion in 0.26 N tetramethylammonium 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 soclvent 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 guartz 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 0.449%96 (-1.4%), indicating
there was virtually no dye removed by the solvent washing

process.

16



& ()-!'~T "10%&' () - Vopoooop3pdEuS4! I f ' 10%

410%& ()-sF110%& ()-sl.10%& ()- , 10%& () -, 24 0CT 2007

10%& ()- ' 109R& () - 3pBpHpKpLpMpNp\ pspbC! 1 f "' 1010%9& () - &10% & ()- 10b 10b

10b810%h& ()-6z10%& ()-6

10%& () -sppr"rNstv}~<bC ! ! &10%BgB& ()- ~&10%=& ()- ! &10%QCE ()- 10%y
& ()-1110%g& ()-s!10%9& () -svvvvvvwwWwhCl ! f |

109B& g\)h_ %Q@% g]s-.' , MLOYB&' ()- 10g 10g

109810 /gg )- 8/@&' () - Vwww' x. xxxXdEbC! I f I F1098& () - #109B& () - y109B& () - #10%
B& ()-'109B& ()-"109B& ()-xx yyzezzdebCl!f!'M 109B& () -s$SMLOUBE' () - " $109B&
()-109B& ()-s$109B& ()-:$109B& ()-zz5|| | R} S} T UrdZPF! I f110B10B10B7$109B&' ()
- 86#10baZen pypravedagsisrefiectivegpatingERmpasHon LOmMBRISINE: Uy d} } ~) dEZPF! ! f ! h$10%

& ()-A$10% & ()-@10% U& ()- 10% U& ()-1%$10% U& ()-'SI 10%

U& ()-)dEZPF!' 1 f1,)9%$10% U& ()-4,)9%10% & ()-4 $#10% 9& () - #10% U&' ()- #10%
H&' () -a $dlOéitis8lub)e cellalsikit!binded selected from the group consisting of cellulose esters and

cellulose ethers;

an alkylated aminoplast crosslinking agent derived from melamine, urea, benzoguanimine, or

glycoluril;

an acid catalyst or a latent acid catalyst which upon heating generates a catalytically active acid

species;

a solvent vehicle with high solvency for aminoplasts and cellulosic binders and effective surface
wetting and evaporation properties to obtain a defect-free coating quality and feature coverage at

coating thicknesses of 0.05 to 0.20 microns for microlithographic processing; and

a solvent-soluble dye or dye mixture comprising effective functional groups for reaction with the

aminoplast crosslinking agent during a thermal curing cycle for the composition.

2. The composition of claim 1, wherein said solvent-soluble dye is a phenolic-functional

compound or a mixture of phenolic-functional compounds.

3. The composition of claim 1, wherein said cellulosic binder is a cellulose ester and the solvent
is selected from the group consisting of ethyl lactate, 1-methoxy-2-propanol, cyclohexanone, 2-
heptanone, ethyl 3-ethoxypropionate, propylene glycol methyl ether acetate, methyl 3-

methoxypropionate, or their admixtures.

4. The composition of claim 1, said cellulosic binder being a cellulose ether comprising
sufficient residual hydroxyl groups to allow insolubilization by reaction with said aminoplast

crosslinking agent, and wherein said aminoplast crosslinking agent is present in said composition
17
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in sufficient quantities to provide from 0.2 to 2 reactive equivalents of alkoxymethyl crosslinking

function per reactive group on the polymer binder and dye.

5. The composition of claim 1, said composition further comprising a solvent-soluble dye or dye
mixture comprising effective functional groups for reaction with the aminoplast crosslinking
agent during a thermal curing cycle for the composition, said cellulosic binder being a cellulose
ether comprising sufficient residual hydroxyl groups to allow insolubilization by reaction with
said aminoplast crosslinking agent, and said aminoplast crosslinking agent being present in said
composition in sufficient quantities to provide from 0.2 to 2 reactive equivalents of alkoxymethyl

crosslinking function per reactive group on the polymer binder and dye.
6. An improved anti-reflective coating composition comprising:

a solvent-soluble cellulosic binder 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;

an alkylated aminoplast crosslinking agent derived from melamine, urea, benzoguanimine, or

glycoluril;

an acid catalyst or a latent acid catalyst which upon heating generates a catalytically active acid

species; and

a solvent vehicle with high solvency for aminoplasts and cellulosic binders and effective surface
wetting and evaporation properties to obtain a defect-free coating quality and feature coverage at

coating thicknesses of 0.05 to 0.20 microns for microlithographic processing.

7. The composition of claim 6, wherein the light-absorbing aromatic monocarboxylic acid is

selected from the group consisting of 9-anthracenecarboxylic acid or a substituted cinnamic acid.

8. An improved anti-reflective coating composition comprising:
18
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an alkylated aminoplast crosslinking agent derived from melamine, urea, benzoguanimine, or

glycoluril;

an acid catalyst or a latent acid catalyst which upon heating generates a catalytically active acid

species; and

a solvent vehicle with high solvency for aminoplasts and cellulosic binders and effective surface
wetting and evaporation properties to obtain a defect-free coating quality and feature coverage at
coating thicknesses of 0.05 to 0.20 microns for microlithographic processing.

9. An improved anti-reflective coating composition comprising:

a solvent-soluble cellulosic binder selected from the group consisting of cellulose acetate

hydrogen phthalate and cellulose acetate trimellitate;

an alkylated aminoplast crosslinking agent derived from melamine, urea, benzoguanimine, or

glycoluril;

an acid catalyst or a latent acid catalyst which upon heating generates a catalytically active acid

species; and
a solvent vehicle with high solvency for aminoplasts and cellulosic binders and effective surface

wetting and evaporation properties to obtain a defect-free coating quality and feature coverage at

coating thicknesses of 0.05 to 0.20 microns for microlithographic processing.
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