10

15

20

25

30

Description Positive-Wrking Photoi nageabl e Bottom
Antireflective Coating Field of Invention The present

w0 noosnpisen rel ates to novel positive-working, PCT/IB2005/000773
phot oi mageabl e, and aqueous devel opable antireflective
coating conpositions and thgir use in inmage processing
by forming a thin | ayer of the novel antireflective
coati ng conposition between a reflective substrate and
a photoresi st coating. Such conpositions are
particularly useful in the fabrication of
sem conduct or devi ces by photolithographic techniques,

especially those requir 3 sure with deep
ul traviol et radiation. %g@i&g%ati ngs are particularly

conpati ble for use with an edge bead renover.

Backgr ound Phot or € istco DOS|.tions relus*ed in ..
el ectroni ¢ conmponents such as in the fabrication of
conputer chips and integrated circuits. Generally, in

Fieldeldavetianesses, a thin coating of a filmof a

20 B, BRI voRhd B hbialndfiRh ity hotoimageable
andrakjuegus megglopakble aniireflective Fbatingpadmpositibss ratether use in

B R g R
compésitick haesh @0 psiREGerduberarf ahtiea PHutbresise doatingXt Such
subjected to an j mage-w se exposure to radi ation. Thi

corppesitignsoareeRpdisulady Uselid dndhe Habrieationt Qfmigpﬁ@ﬂqt@rndeﬁces
. . t . VLSd .
by PHERHRAPAHIOTEIRI s, 28p SR s (AR bR yitn coop

ultravidled radiatien.gVheses coalihgst aren pasticokarly cranapdtiplel ferduseowétip an
rolithographic processes. After this inmge-w se

i N m
ed%%(B%%FEFe@OYq{e coated substrate is treated with a

devel oper solution to dissolve and renove either the
radi ati on-exposed or the unexposed areas of the
Bagltggeundsi st . There are two types of photoresist .

CONPRSHbFLHLS coMpaatibNE - K588 RN fhicrolithography processes for
making miniaturized electronic components such as in the fabrication of
computer chips and integrated circuits. Generally, in these processes, a thin
coating of a film of a photoresist composition is first applied to a substrate
material, such as silicon wafers used for making integrated circuits. The coated
substrate is then baked to evaporate any solvent in the photoresist composition
and to fix the coating onto the substrate. The baked and coated surface of the
substrate is next subjected to an image-wise exposure to radiation.

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

radiation-exposed or the unexposed areas of the photoresist.
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posi tive-working. When positive-working photoresist

conpositions are exposed i mage-w se to radiation, the
wW@e@am9si3 t he phot oresi st conposition exposed PCI/IB2E05/000773

radi ati on becone soluble in a devel oper solution while

t he unexposed areas of the ﬁhotoresist coating remain

relatively insoluble to such a solution. Thus,

treatnent of an exposed positive-working photoresi st

‘m ehitP Hp e%aHfSEﬁotb?ég?éﬁaé?rﬂéoél%se;ﬁﬁ%%%g?%&ﬁﬁg and

toreS|st coat1 ng and or ma
pospm@-wod@g milgleen positive-wwoaking pphotdresieb gompositions mge #xposed

ti. f th ' bstr at e, f
imeer i8R ARlON, B bl BB oD belal B3R ioh teRfea 16 the
radizgigat besdme@skiubie Phatdevelpet sblvtiod amsileother uieposes drégs of
portions that are not exposed, The trend %ovvar ds.the

thenpmtaf%ﬁlfrtz%ﬁﬁtk@ﬁ EmaiR petaivalyc insplupls fte <Xichad SalidfioRet HThus,
treétﬁmén?%f%*?eﬁﬁoé’éﬂ”p@é]ﬁ@él%ﬁhﬁé ?)h bittbsigf Wllﬁeé‘%e%t()?eF Rauses

[ ower and | ower wavel engt hs radi at1 on
remaval o therBxpogsd 8reasanfdhie minotaresigk coating ang tlnebformatlon of a

di f . . .
poghi SP8Bp o, s o, FRAGH ArEvelind o didrea portion of the
undenyirid | substrdiee pﬁmacreavoml which1@Re Sﬁﬁom’@smo&iohhpwitmm was
negat,i e t one ot esl ar e ava for .
denefipgr { A oRRYEiH PPOteSRLferyRltner HTbpyes the portions

thagg@mtré)@gseahere are two major deep ultraviolet (uv)
exposur e 't echnol o%’ es that have provided significant
advﬂmérmdttowardﬁ eaMiniptusizaten oh semieenchicigrdevigasr has led

bo’thh tﬁ(ﬁ‘ol%ser o v Photdresiti “&‘Bta?% ]‘:'gﬁF'ﬂovm ngﬂ%wt rein®Nlower

oresists 'are givenin atents
wamldngihsarf padiatienl drer also tdnyher a$e o sophistitaitdd atdtiledd Systems

US 5, 350 EP 794 232 18 Phot or esi sts

to qarcog ifinitistassasiAes ih SuSh RCIZaloR et | ¢ ut od
pol pigndrexdiation, € BRermRaAIlY t SmpRRR, Y8885 - ulfavioke PL01e300 nm)
hand, photore3|sts for 193 nm exposure require

posilive and Megative oRmBhaeloresisie are ayatiable fonpaitepingumages with
ok Ty YRARL 1 i SFERRAALLY Tl Bl o At it

expassirest dectmolagies byhad| ihaveat progideble siguifieaitc advancement in
mlglgtﬂ%%at?gna andy these are lasers that emit radiation at 248 nm and 193 nm.
Examples of such photoresisis are given in the following patents and
incorporated herein by reference, US 4,491,628, US 5,350,660, EP 794458 and
GB 2320718. Photoresists for 248 nm have typically been based on substituted
polyhydroxystyrene and its copolymers. On the other hand, photoresists for 193
nm exposure require non-aromatic polymers, since aromatics are opaque at this
wavelength. Generally, alicyclic hydrocarbons are incorporated into the polymer
to replace the eich resistance lost by eliminating the aromatic functionality.
Furthermore, at lower wavelengths the reflection from the substrate becomes
increasingly detrimental to the lithographic performance of the photoresist.

Therefore, at these wavelengths antireflective coatings become critical.
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Furthernore, at |ower wavel engths the reflection from
the substrate becones increasingly detrinmental to the

wo paokogasaphi ¢ performance of the photoresist. PCT/IB2005/000773
Therefore, at these wavel engths anti reflective
coatings becone critical.The use of highly absorbing
anti reflective coatings in photolithography is a
si npl er approach to di mnish the problens that result

fr ofhdaSK of ﬁ%gﬂﬁbéﬁ?bi‘ﬁb dﬁtl%fecif E{) Al lM a{fh%mlﬁﬁédré{ﬁhy is a

substrates. ottom anti
simphen appioagh tondminibk thepeoblards tMmesult htgmrban‘k reflection of light

o520l BB P B e s o

theobubstratw@hd fﬁw a@fdyer ef plestbiestst tappirg ortdphef BxResRdlective
rea | t hen E&gl cally etchcfl and t he phot oresi st
CogjNGt er hPs ?'lStan'§f SXPeteY oMmagevdsm sangt develgred.  The

antfefidiRe! e@étmge il ARbI BRSoIERORRE s ttién pl?bf&h Iy?r%;ccﬁéd? and the

desi gned to dry etched. The etc
Ph@ﬁtﬂslséfmitﬁmv@ thusmiraselegredotcmdhe aldustmm y Miogh antireflective

codifiER MoPAn! e Ay BICAR it ROy Blied,  The pishrate of

thecéntirdaf@atlee ifitth rieieisntd biei refatively Mgl in eomparson fthibleephdteresist

so il PR g s asbiech BEhoyiCgReverien G ihe Revt fim

duringPftfe @fch%f@béé&s Thawe aﬁé)tvfl@knbﬁﬁr’[ y&s bf BRflrefiBEtive coatings,
renmoval by dry etching. In addition, photoresi st

inopAN@ cRgtings %@' Qg coglingmy Hewewer, thathsekthess types of
coeﬁ;?@glgﬁﬂg%fe%B fépﬁeéryaé |gﬁé<§3fdr reﬁwBﬁaquyyd@te? ihgte of the

ectrve coa r’to’or I'ess than the
et cln @dtitionf pHotonelsist opajseras magt bd dantagedoforth\ay not be

v a9l T8 6 B 15 Bt coming

is SikHiaE kR lof lesENtHan tHeeerhi @itet oh 888! phetoresisnBbateB Bt WP of the
antireflective coatings that do not need to be dry

antielletiye fegtingn Hieseichingvsansitipnsdor remeyingghe ©rganic coatings
carPeJl @Hﬁg{b@% tHeS B \Aﬁ?ét%y TLsC fEaURda Sﬁé@mﬁﬁg?@m bottom
I C arage.

ype substrates, are sensitive to et
anﬂraﬁeaiweectoaapgs dbathdo ot imeeg rie dentinaptohiedaaricb nain salswm provide

aodff PRy AE s RtmaBR, oo LERGT, cBinbolfg St Bhayetor e
sumuwwwrk@blmsmbwewmarﬁé@@r than be renoved by

dry_etchin
yThe novelgappr%ach of the present application is to use an absorbing,

positive image-forming bottom antireflective coating that can be developed by an
aqueous alkaline solution, rather than be removed by dry etching. Aqueous
removal of the bottom antirefleclive coating eliminates the dry eich rate
requirement of the coating, reduces the cost intensive dry etching processing
steps and also prevents damage to the substrate caused by dry etching. The
absorbing bottom antireflective coating compositions of the present invention
contain a crosslinking compound and a polymer. The coating is cured and then
upon exposure to light of the same wavelength as that used to expose the top

positive photoresist become imageable in the same developer as that used to
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renoval of the bottomantireflective coating
elimnates the dry etch rate requirenent of the
W@ o@biyaF13 reduces the cost intensive dry et chiPQI/IB2005/000773
processi ng steps and al so prevents damage to the
substrate caused by dry etghing. The absorbing bottom
antireflective coating conpositions of the present
i nvention contain a crosslinking conpound and a
Moholdr@sisRatrhizdor B dith it Roce
devtg(;ﬂplyllrﬁgh% g‘i{ﬂ%t he Sa%r&%@%g%‘lg'ﬂgh{ﬁﬁﬁ Esed@%fgp@g pﬁggss
by ehminatipg pa Jargey Bumbet g clioses3iva dFieps- magivgs| Bej antingtlective
a . as e ; es ;
coafifge FERLBREYE e BrelRF rbIHTL e ARURASRI Eodting is
defipedciey shdylateht raptiedli imgage,! whigh alloveera gbogr delinesiioy of the

steps. . Si t.h a1t flecti) ' [
remHigbe PG 9gdMagRd Ing Erolre VB BRI Tof t he
antgifeQbl dtbnRistPatd Rows, aefi D84, BB3 BT, bat widjuire exposure

optical inmage, which allows a good del i neation of the
of twernpiffierant pwaveleaaihst forrdlae top @nd heftrrehateresists, which

. ! o K , ‘nUS
cor B alge B g MG O T, i £ er ont
vvav'EHle_ae Ggiré smdmhy paieats tymt aiistldz&ﬁ‘ﬁmirleﬂa@'tver eagtisgscompositions
icates the, proc it . .
but§RePaainga e al Bt Rape BBl p BAREGEP fvadit hyuton
andk RITIRP Bk ireMdsed By driesichifgatlP G039, 236 desariiesdan antheflective
i nsol ubl e in an aqueous devel oper sol uti on and d;‘usi1 Pe .
@ photoacid

coatipgwpatpinggd @RolWnehiang@cidier &nesagl agig QRISERIOhAD

ger?e%ftoh.eﬂoﬁ\févb}’&f AR 'ié‘SorﬁPfé&éf%%H&li fPlo/Bke iBRs@BbR in an
or ermal acl generator, a ap ot oaci d gener at or.

alkalinseaqureoukideveioper selutionpTaediiy is remevenky @ plasmeakaas etch.

kRO e G SO S 5 R 83 I8 U8 Bomp.co

an%gggg%ggsg%_gfl egt ive coating patents are US 5, 886, 102,
, and US 6, 251 ,562. US 4,910,122 di scl oses.
an 4gub81Q 182 disdpeat @naAauequs Q%Y?'Q@gééaﬁ"? H%f?eqsﬁ'a!ﬁe Ing,

kS 4 88y 8L 0l Rl Wi bbby ek
congititrisngl hisam%"eﬂmtiyeomﬁggéﬂan@t,prmi@imaggbggtalea ?mﬂg%é,v t?lere
are?@e?lﬁgrlf b?ﬂ{éd‘ﬁo@ﬁ%k%@% iﬁ%lg@%g?aigﬂs iR A, eriEdis88Btion of
the antireflective coating is controlled by bake conditions and thus the
antireflective coating is very sensitive to the developer normality and developing
time, and also gives poor resolution. High normality developer and/or long
develop times can cause excessive removal of the antireflective coating.

Another process for imaging photoresists using antireflective coatings is
disclosed in US 5,635,333; however, the antireflective coating is not developed at
the same time as the photoresist.

US 5,882,996 describes a method of patterning dual damascene
interconnections where a developer soluble antireflective coating interstitial layer

is used. The antireflective coating is formed between two photoresist layers and
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the antireflective coating is controlled by bake

conditions and thus the antireflective coating is very
W@ ensieisve to the devel oper normality and deveP@piBg05/000773

time, and al so gives poor resolution. H gh normality

devel oper and/or |ong develop times can cause

excessive renoval of the antireflective coating.

Anot her process for imagi ng photoresists using

has %gﬁrbfe‘#éoetﬁL kH@sé:Glaﬁ 9@0 hﬁg&\'&ﬁé Ofdclive iHaeR obP$3-383nd is

wever e antire ectlv coating 1s not devel oped.
watett saluleles ahee antﬂeflastl\&eh@oqﬂmgt@rm|p§l010"(089§a*§823®b@ere is no

cos TG A B S BRH BNl dormocene

anipcicefdepeitivee antheflectiye rdoatings t using| differing s coemistrictheare

s LGS B b PSS spapprasst
30%@%@? %flfe%&wer 8orhpesitive of M préent ifvention &Gldlte§ to a

wat er soluble. The antireflective coating i s not
photshmagealblge saqueosn d alkedir @Ievglor:abl@eswsltwe-wmmg t plireflective

con514 Do ATAESAPBSIN, 6P Rty i costod

on % Im;tlvgﬂ'%tg befoﬁer agrjigmg a)spmutlvg Mgtgreslsl%w,?,;n beler to prevent
Iy n 1. ] [} a.n

e & et e e bR o of o

antll'éﬂé%ﬂ\tlé %aﬁrﬂj afeCSollisle dn I@Bﬁfrﬁ’d)rﬁbﬂ@ﬁ%ﬁst solusnsiandldaphble of
devel opabl e,” positive-working anti refl ectlvescqoatl ﬁpover

forming angaatiegl @odi wr@wpr%@r%dfmeatth Vi
sol\}ggﬁgse r}f—’_(’\j/i& %5’(% carbest chlv@n@ Lé{ffétlfs."étdetobleefn‘i’é\i'@e ﬂ’féobuildlﬂp ®dn the

oresi st layer, I n order prevent
edgesfdfehe lamuseﬂentlvél eogling mrmdsdurfngothet $mn maﬁng Precessh Ehls
nents

R e

radfaﬂbﬁ‘a%&h@ 1619 phbidesistdyérdpgliettherupon, andinilisbldevelopable
dge- bead renover sol vents. Edge-bead repnover so

withy ke 6SE® BEUPQOAKANIR d@MﬁloemqoselHﬂ%@se Lisgf {or]Zyplcally
dev%ﬂ%dnﬁfal ﬁ%&b?é%ls?oaltHe” hBiZ&&n (Bfrén‘i@e@iﬁo%ﬂe”st@ﬁaédd‘glngle

anti ref ective coating i s photoi mageabl e
devatormimtsstep oreath emmliﬂesfthadﬂhwraphlao@@ce&ﬁh fyl’fd’lﬁﬁnt)@p an

ccn B0 S e BB Lokl Ao b, meoine
with$ phaforédistd shathdd notseshtdinrarbiatic ahrhqtlonalltles such as those used
for 193 nm and 157 nm exposures. The novel composition enables a good
image transfer from the photoresist to the substrate, and also has good
absorption characteristics to prevent reflective notching and line width variations
or standing waves in the photoresist. Additionally, substantially no intermixing is
present between the antireflective coating and the photoresist film. The
antireflective coatings also have good solution stability and form thin films with
good coating quality, the latter being particularly advantageous for lithography.
When the antireflective coating is used with a photoresist in the imaging process,

clean images are obtained, without damaging the substrate.
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devel opi ng a photoresist. The conbi nation of single

exposure step and singl e devel opnent step greatly
wa@ReopldIsies the |ithographic process. Further neCEIB2805/000773

aqueous devel opabl e antireflective coating is

especially desirable for imgging wth photoresists

that do not contain aromatic functionalities, such as

those used for 193 nm and 157 nm exposures. The novel

Surﬁ@éfﬁeqm@rﬂﬁmes a good i mage transfer fromthe

photoresist to the substrate, and al so has

absidieptreserihivepiien | elates th PrReAHE tmoabtﬁ)hfammageable
I r

antﬁ’é’ﬁ«%ﬁ g%cﬁ{ﬂlﬂge%&ﬁ?%niéégl M 3 lc%Bﬁbl% of bRlMY HQVé!I@H&? in an

y, substantrall
aquecusr alkaling de;quwmerwheretmvéleel amitﬁeﬁmtiveembamg \@mposmon

corf o3 AR 5P e, b T Mo oG iponor

grotipi ahd’ bhewrevutriigoet wethad Ihygroi(lyabhﬂmr 4 learbodt groupeianginyl

particul arly advant ageous f
eth@n{9TaNa B8 |r e B8R0, HE <L EBIORAN: & IHIPB ddeseragr. The

mvéﬁ’tﬁjﬂ Y fRhBF %ﬁt?ﬁse Gneadd| 'd?Beg%rﬁ’fe@ a‘éhi @bﬁé}@tor preferably

damagi ng e substrate. Sunmar
whenwmtam offtie peid generated &om te ﬂ@rfaﬂé@ld@e@efﬂi@i haga pKa

tt.om . .
arediniBah frn HameR Bt R 1 o FisB48s iimaging using the
ant&@ﬂ'i&ﬂwé cIndsition diethel preeent mfaemtmm etsbecuﬂy |W|thf areedpekead

coat i ng conposi tion conprises a pol ymer conprising at
remead gtePne recurring unit with a chronophore group and

one recurring unit with a hydroxyl and/or a carboxyl
group, a vinyl ether term nated crosslinking agent,

MMMt oaci d generator. The invention
- .
ge%@ﬂgf ?%ﬂsﬁlg ah@?e@%ﬁ%’ﬁrtﬁfurggtog%% c@\‘?éa gorgpounds, i.e.

ph@eaécidajeperdtosn t he thermal acid generator has a pKa
greater than 1.0. The invention further relates to a
process for imaging using the antireflective

Deg%‘r_fm%‘ﬁidfitﬁé‘lrﬂfenhbﬁ present invention, especially vvi th
gebead renoval step. Brief Description of th
Dr ahhe: Prese ievention owtates: iap| reved bspEDIRg, rramt@mgeable and
q@@cﬁ}soa&'}élxﬁaﬁg rHiﬁﬁ’rﬂl@slmégeeformlng antireflective coating composition

comprising a polymer comprising at least one unit with a hydroxyl and/or carboxyl
group and at least one unit with an absorbing chromophore, a vinyl ether
terminated crosslinking agent, and optionally, a photoacid generator. Preferably
the polymer is alkali-soluble and water insoluble. The invention further relates to
a process for using such a composition, especially for irradiation from about 50
nm to about 450nm.

The antireflective coating composition of the invention is coated on a
substrate and below a positive photoresist, in order to prevent reflections in the
photoresist from the substrate. This antireflective coating is photoimageable with
the same wavelength of light as the top photoresist, and is also developable with

the same aqueous alkaline developing solution as that used to typically develop
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phot oaci d generators. Description of the Invention The
present invention relates to a novel absorbing,
w@bwsovasayeabl e and aqueous devel opabl e posi t i RET/IB2005/000773
i mge-formng antireflective coating conposition
conprising a polynmer conprisging at |east one unit with
a hydroxyl and/or carboxyl group and at | east one unit
wi th an absorbi ng chronophore, a vinyl ether
thd Photdrabietl €HueS ol Ng Gt , i OMitireMedtivi, cdating. The
ohot oaci d generator, Preferably the polyner is.
an@wﬂaqztivesmﬁ%lﬁgéommsmnémmwl?op@!ymenea ciopelinking agent and,

- er, r t C . S e
oplictilycla (ictoata Qerlobr ThS, bRlrcHEbAS. Taling compositon is
coatedt @n b oefteclive raubsirate. aitte edfé degadv whichatmaygform during the

CONROSI ti [nyention i s coate n substrate
spRRoRIc5EEE BhEr A (RBbLeE slstho’ 8 Sfeignd, BRERAE Rfivent,
sincéfthe qiolyner Isnsiilhsolpblet iar ssivetits fuseth ddedgethsdd SrRovers. The

This antirefl ective coai‘li ng i s phot oi rratc];eabl e wth the

coalifigeis igen| RakgoHogemavgHne £dvank of dhe sRating selulien apdcalso to
crdé%lirﬂi R ESAMRILRR Bl Goribt p?ﬁ%\%, %?Wﬁnmﬂg,gﬁﬂ%aﬁtéﬁll b Mfitermixing

evel opi ng solution as at used tot
betneesl e hryess @nsk ket thet kastingimsalgpbla ipatheeaquéoust atkaline

ol LN S B ol Bor 1 B80S L B e

balking ,stepta edsrdtion, takep Iptdozabetvegentheatidsslinkivey agent, especially
antirefl ec% I ve coqat i nﬂ cznlpositi on is Coatl"l,%g on a .

comppygs cpBtaln]ig iyl theh dermigel gexmpswanghtheapolyBiss with the

hydtdkyNghd/Ba LRHBXYNGrRpIRaRE ditifefldifle *aeaﬁﬁqr% §8rmiY 2cRPlabile
an edgebead renoving solvent, since the polymer is

grodipp| Withip| thie| eoatings Hftee hekingsaad @sirieg Jbe candireflastive ropating is
i) ' ' t

sy Bieolbls Pubclfan g ahe SaRART s8llfoR 8RB pillefii the

phaotockesistt o prevent, or mnimze, the extent of

| B B e RRBIRLSek, o oo aRe o 4% i dherourag ndiefiective
codifig 26 HAKES 46 deibvé MES ProtorésibiSsdierite Rtk bBﬁ?ng?ﬂidkﬂ@ss of

the baking step a reaction takes place between 't ]
thec pRetoresil isgoabeially gsepletitaan yihe gifsteliing aeliredectivegeoating.

Pridt BY bx5o4IRE theidhRA adMitrPSothaRd fHEforRSisY TR tHe tHhtitdfoctive
coating are insoluble in the aqueous alkaline developing solution of the
photoresist. The bilevel system is then imagewise exposed to radiation in one
single step, where an acid is then generated in both the top photoresist and the
bottom antireflective coating. If a photoacid generator is present in the
antireflective coating it is photolysed. When a photoacid generator is not present
in the antireflective coating, the acid may diffuse from the photoresist into the
antireflective coating. In a subsequent baking step, in the exposed regions the
polymer of the antireflective coating with the crosslinked sites (acid labile
groups), are decrosslinked in the presence of the photogenerated acid, thus
making the polymer and hence the antireflective coating soluble in the aqueous
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hydroxyl and/or a carboxyl group in the antireflective

coating, to formacid |abile groups within the
w@ombioysF13 Aft er baking and curing the antiref|BCt/iB2605/000773

coating is essentially insoluble in both an al kaline

devel opi ng solution and the sol vent of the

phot oresi st. A positive photoresist is then coated on

top of the cured antireflective coating and baked to

alkdlpEDuévdlbge P o sabssgueht si@wl@ratng dep mtduegolt/ée ther@xposed
of th ly greater than t

phot or esi st era
regmepteﬁqﬁ@ thet P?%?'Y%d’(h%we@é“aﬁ'\ﬁigth@rﬁ@@ﬂ%’“&rﬁ?@dp@ thus
proHEimﬁﬁ 'fﬁn' sfie! %'agé‘ Refdh 184\%n h rs‘?ﬁis%heaWeém%r further

ctive coaling are Ins l e 1'n the aqueous
prog¢s@ing.ne devel opi ng sol ution of the phot oresi st. The

' DHEheTaf3EReSv Sl AP ARYAE RobRE i nBubdoPhas B mis
invémtdm_ ¢chﬁp|‘}i§¢s @fm?ssnnlengatagemj d pelyimet.t amd eplioriagly) @ photoacid

coatin ot oac enerator is en in the
gengaRior ot Tt PODRI SaTisasy Bt ©agh gne) b uth i yopy Endlor a
carBORJI OGoup SRACAAlREt iohen Bhit PRIAT & dbréoFtﬂﬁg chromophore. The

antireflective coatin the acid may diffuse fromthe

absereing chserBephareds baundiwithinghe eelynes ahwén, iasgpposed to being a

freesafé frfitHen orﬁﬁéél% 4 6 er't a(lgﬂ ffﬁﬁgltfo %}L@)Ilﬁ%ﬁon of the

ymer o ire |ve coat
free:dpsdbnmgwa pliocess oﬂmkihg g ¢cmtlggoups) are
de ossl nked i n thﬁr Hresence of tHE phot ener ted
& AL

aci Rlymergt ity ap ﬁ@fwtlggoof n Lontains at least
onearmtr ﬁffthemdrbsfayl Céwa/bmaaﬂdaxyblgﬁoum a‘hﬁeaﬁ‘lbb%@ttﬁﬂsl k@lti Wh an

devel oper.” A subsequent developing step then dissolves

absoking x shsmoplaeeons R@MMes phea@ogbspwgph@hr@nmhgfe are
hyogggellrﬁ)aﬁ a?%bﬁ@%cﬁ&ﬁ(ﬁslvﬁocﬁé’{ehﬂﬂmhé QE}?{] c{) &%tf&g Wit h from one

rve I nmage, eavi n € su ear
to four tseparqieomemsedgmgﬁh@vhmeethemaref &f toedOi avtemsomt ea@ ring.

useful for t Qve roc ss of, this nve
EX%a]ﬁﬁife@oﬂo@Pﬁssgﬁ'thrﬂlhsﬂgb%%@H omgp FW@?’[ C%[h e por?ymenzed
WItWIﬂ‘ié fitlonYers obtmMing Hydrdd§neF @é%xyl@@up@'aﬂmrn | compounds
nprlses at least one unit with a hydroxyl a

corﬁ@nm(w bsjitiegigd aneh ugsubsiifiged grhenyhigu IWCbﬁnnb@tﬁL@ﬁh@ted
antﬁf]é{c?/ggF%sﬁtug%afn@@lghggg%gggbem Q%%tgﬁl bogiskiifthtd! Nand
unsubstituted naphthyl, substituted and unsubstituted heterocyclic rings
containing heteroatoms such as oxygen, nitrogen, sulfur, or combinations
thereof, such as pyrrolidinyl, pyranyl, piperidinyl, acridinyl, quinolinyl. The
substituents may be any hydrocarbyl group and may further contain heteroatoms,
such as, oxygen, nitrogen, sulfur or combinations thereof. Examples of such
groups are (Ci-Cip) alkylene, esters, ethers, etc. Other chromophores are
described in US 6,114,085, and in US 5,652,297, US 5,981,145, US 6,187,506,
US 5,939,236, and US 5,935,760, which may also be used, and are incorporated
herein by reference. The preferred chromophoric monomers are vinyl
compounds of substituted and unsubstituted phenyl, substituted and

unsubstituted anthracyl, and substituted and unsubstituted naphthyl; and more
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free dye in the conposition, in order to avoid
deconposition or sublinmation of the free dye during

wo b@spsseess of baking the coating. The pol ynepCDiB20é5000773
antireflective coating of the invention contains at
| east one unit with hydroxyl and/or carboxyl group and
at least one unit wth an absorbing chronophore.
Exanpl es of an absorbi ng chronophore are- hydrocarbon

pre@?r%ﬂatm%naﬁ’l'e?é ' ﬁ?e agfrdifd, erieyét sFyréﬁé’ ”Béééioi%tﬁbhés vinyl

fromone to four separate fuse rmn
bench@tEe wny 3-ted-ugylaeazaate.n eﬁa&ne i glgcol ERBeRy egtf@r acrylate

it bi h
nelBRITEPY. oo AoBRRBC LRI e o PTeiigE,  oF 28 bepzovt-o-
hydmagbhgnbxy@gxhybzaayﬂtagi r&hy&omy&@;pi@oxmbgyhl axgylate, phenyl
ubstituted and unsubsti tut tit
me%ﬁgw o1 ¢ BoRdN antApaEy e s epTrar IRt n U BBl o
WaRARREREY | 2- hthdlaed, aﬂﬁwhﬂéhﬂﬁhhﬂd@ eCi\l-'(@-hDélﬁa)xy)phenyl

substltuted and unsubstit ut ed eterocycllc ring
methaﬂwiﬂmldﬁg het er oat oMs(Sshihons4dwgseacar qnybzg@ﬁylazo)phenyl
r comnbi nati
R e
memabs/lamxﬂent s a2, b@hratngphmyranmaoplyen)g)r oup meEteimids, 3-(4-

urther, c a to h ,
aceigATggRhS DA PRI CKOIERE: | one. ChEraBPXEMonyiRhenypazo-
ace%ah*ét&(yo Lé?ﬁylah%th&iryﬁﬂe?) 36(|4kt§1d@6b®ph@ﬁyl9é@-a@étb§¢aoxy ethyl
. Oher chronophores are descrjbed in US 6,1
metmcme, and ﬁetfahmrea@m)w usstifelgr | 148lt ys of 3-(4-

sulf@P ﬁ%ac%ﬁaéetgi’z eﬁﬁﬁ'm&ﬂgc% ﬁﬁgréﬁgale\%‘bﬁncﬁ?é‘s It is

b DV re "l ncorpora
wﬂhmftlaeesmme E)Théhlprlefle!moedthahramyoplhi@MQphmdhai abgergs at the

o SRR e e R 1 S BB IR P gty o

chrémiephoiegt ed and unsubstituted napht hyI and
norepreferred nmononers are styrene, rene,

acethsxpebyinasne the ﬁ9yelugﬁgrg&necorppﬂ§qeg at e st ne unit with a
hy(ﬁoiﬁ hdmtay%%ﬁg%(@gr&é% Fd DIOVR alﬂberfé’éolBBmﬂb{ langtedh&bsslinking

l"ate ate N- et hyl” mal ei mi de,
S|te2 (Dne hunction lof the mlgamekqunmowglge @tggnd @Qﬁtm.;gl@hty and another

o G008 e OERRAYE Abtha e e SBRRN sung, e o
proBeédiadel Bydroxfl-or carboxyl groups in the polymer provnde one of the
components necessary for the solubility change. Examples of monomers which
provide such a unit upon polymerization are without limitations, substituted or
unsubstituted vinyl monomers containing a hydroxyl and or carboxyl group, such
as actrylic acid, methacrylic acid, vinyl alcohol, hydroxystyrenes, vinyl monomers
containing 1,1,2,2’,3,3-hexafluoro-2-propanol, although any monomer that
makes the polymer alkali soluble and preferably water insoluble, may be used.
The polymer may contain a mixture of monomer units containing hydroxyl and/or
carboxyl groups. Vinyl monomers containing the 1,1,1,3,3,3-hexafluoro-2-
propanol group are exemplified with the compounds represented by structures

(1) to (6) and their substituted equivalents.



10

15

20

vi nyl ant hracene, 2-vi nyl napht hal ene,
N-vi nyl pht hal i m de, N-(3-hydroxy) phenyl
woredobagasys ani de, PCT/IB2005/000773
N- ( 3- hydr oxy- 4- hydr oxycar bonyl phenyl azo) phenyl
met hacryl am de, 10
N- ( 3- hydr oxyl - 4- et hoxycar bonyl phenyl azo) phenyl
nmet hacryl am de, N-(2,4-dinitrophenyl am nophenyl)
mal ei m de, 3 (4-

acet oam enyl )azo-4-h oxystyrene,

3- (4- et hoxy onyl phenyl ) a get oacet oxy et hyl

met hacryl age, 3-(4-hydroxypiienyl ) azo- acet oacet oxy
h

et hyl npethacryl ate, tetrahydrQamoni um sul fate salt of
3- (4- EsfbTopidinyl ) azoadalo ce&gxy ethyl methacrylate
and equi vakent structures. At is wthin thesscope of
this invé on t hat any phore that:ai%o:rgs at

vavel engt h may be udsed al one

of theFnov¢ (jFr%venti on
with a %de?(yI and/or a c oxyl group togpjovide
al kal i ne solubi lLity, and a Crosslinking site. One
function of1)t he polyner is %2 provi de a gopg} coati ng
quality ané another is to ehdble the antireflective
coating to change solubility during the i /& ng
process. The hydroxyl or carboxyl groups in

r chronophor es. Orhe pol ymer
Fpr+GEs at IeEgC—fl-th it

pol ynme ovi de one of the conponents necefsary for
t he sol ubi @ change. Exatpl es of nononer J ch
provi de sOch a unit upon p@ ymerization are t hout

i mit Q_E5 ubsti t ut ubst i t ut ed yiyvlcF
rmnorr@?tés onCtF;i ning a hydrgxyl %nd or carbox I_‘gr30up,

such as aQHyI i¢ acid, meth yli,c -acid, viny¥' alcohol,

hydr oxysaéi enes, Vinyl m)n& rs containing a{GLhough
any nono t hat makes the g§| ymer al kali sol ubl e and
preferably water insoluble, nmay be used. The pol yner

”ayTlﬁf.%nfaabBI el phiYT Be AyniRuapiaRr bg/nb&?m@ﬂﬂmgi Rioh@mers that
hydr oxy an&’/ or cafboxyl” groups. Vinyl nononers )
containtahyidioyyl trecarboxyl group vattsmenestars dhal cantainogn Abporbing

o R4PoL FUETRIGH, Shelhid 0 BAYRGE P tee Foiches wnn
compppunds! Bat rédde the hydroxyl or carboxyl group and compounds that
provide the absorbing chromophore. In the final polymer the mole % of the unit
or units containing the hydroxyl or carboxyl group can range from 5 to 95,
preferably 10 to 90, and more preferably 20 to 80 and the mole % of the
absorbing chromophore unit in the final polymer can range from 5 to 95,
preferably 10 to 90 more preferably 20 to 80. It is also within the scope of this
invention that the hydroxyl or carboxyl group is attached to the absorbing
chromophore or that the chromophore is attached to the hydroxyl or carboxyl
group, that is, both groups are present in the same unit. As an example the
chromophoric groups described previously may have pendant hydroxyl and/or
carboxyl groups or that the chromophoric groups and the hydroxyl group and/or

carbonyl group are attached to the same group.
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OH (4) (5) (6) Thus a polynmer may be synthesized by
pol yneri zi ng nononers that contain a hydroxyl or
W@ 200509313 gr oup Wit h nononers that contain an BOBFB2LIY0773
chronophore. Alternatively, the alkali soluble polyner

may be reacted with conpoupds that provide the
hydr oxyl or carboxyl group and conpounds that provide
t he absorbing chromophore. In the final polymer the

MOl ®h&b flantth8 upti don@&milrh@'thé HyArhx@i Bha/er bbﬂ)d?(yH%@élWar@r the

carboxyl group can range from5 tfo 95 r ef er abl
unitt goigining dheraksoppiag e@la@mpbgree,oﬂ@o pah'mqrh BaYp P@nt@erbfother

mohdlfieAPTREL) &Q‘hc@{ @“ﬁ%gg (HrSWH F‘déé}rg—xbf gjc[))eﬁ'%s\é MEkamples

an_range ’'from pre era
of the aihied aldnon®d dre -8R, HgtCR;ﬂ:{ﬁ,I wbem Bhito H4h@esi0dﬁ|eerm‘ently H,

(CreghonoAU 1 S0 aclSPB nd i ohfiishor EPEN0: 1AITRRL" dikeny!,
dlcthbW‘@PhSO%CF§ LoeEhegoLr, GBZOZ,oNA,, aBZ,c8MZKYNHCOZ,

, that bot h '
SOF i Pt 5 s (R oo o (o B BrCr
S EXHEL O of B2° S MBS 0 e gradon o
anHysddde)(pyrlcgme;upr aychlimionea oy diy to dizoare indepandentlyetl, (€1-Cro)

il ST M Ao i e B3GR S b roppe
grohbe ?k&ngggﬂﬁggl g&rjeﬁln*taghoaee htria;e Hiehiteder torayhesent fﬂ)(lﬁ)Hg)gOH
OGO ETOR ooy saprea-tor SR Craliyhoigox and
SOBK 8 €T i ) Ayhiah gt iy
meﬁiykthtmqrylategerwtyl dnethanwlatﬁyl hydsorystayl G@@t‘acegﬁz and

SR st oo S 5 e e o
aIs%'ldg)’ilJéé&Qr@glcﬁQ(S?g%drggystg%nendlrﬁﬂammgr(meth)aéwhmamd capped
with cl! fatilr@rouBs. RiAmBIeRs aﬁ@ge'ﬁB@%réhlﬁ%lléﬂgee wjihiqut (iwytatign, are

1
se n@ﬁ‘t}l g@@o}’eﬁ]&g ﬁl%l%%uf‘?& IH cafbch RYSHEPRIithi &t Js48tPone B

hydrogen, acetals and ketals, frimethylsilyl, and B- trimethylsilyl substituted alkyls.
Representative examples of acid labile groups are tert-butyl, tert-pentyl,
isobornyl, 1-alkylcyclohexyl, 1-alkylcyclopentyl, cyclohexyl, 2-alkyl-2-adamantyl,
2-alkyl-2-norbornyl. Other examples of acid labile groups are tetrahydrofuranyl,
tetrahydropyranyl, substituted or unsubstituted methoxycarbonyl, B~
trialkylsilylalkyl groups (e.g. CHo-CH.Si(CHs)s, CH(-CHzSi(CHg)s)2, CHo-
CH(Si(CHas)s)2 and the like.

Novolak resins can also be used as suitable polymers for antireflective
coatings. These resins are typically produced by conducting a condensation
reaction between formaldehyde and one or more multi-substituted phenols, in the
presence of an acid catalyst, such as oxalic acid, maleic acid, or maleic
anhydride. Typical monomers may be formaldehyde, cresols, resorcinols,

xylenols, etc.
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group, are given here but are not limted to these:

Q(CH2) 20H, Q(CH2) 2Q(CH2) CH, (CHs) nOH (where n=0-4),
wEosa3s501) al kyl, COOX and SABX (where X i s HCT/IB2005/000773

amoni um al kyl amoni um O her nononers may be net hyl

met hacryl ate, butyl nethacrylate, hydroxyethyl

nmet hacryl ate and hydroxypropyl nethacrylate. Mononeric

units containing acid | abile groups may al so be used,

SUQHfplBY AT XY BHIYIMBRE. aré Nhovalk@holpolyHyBidkyesaetids; and
aci d capped Wltﬁ Z\CId | abi | e groups pExan'pIdg%,tgF aci d

copoliners @rlwkﬁ@xyswremﬁ)uﬂhqzrerthea%hefncora@@orge@o@f@aweaﬂoone of
ti, 2
stise! Wi bkt S, Af0” hnn, sbeBbntt Gt fdor

estarsdets. tri net hyl silyl subst ituted al kyl s.

+or i pemenscof RS Anyinidh, By ko rnifegtia L3I, Ray, jmown
method Kfl QPorageaitvh, SysH oaeXihg- oPeﬁﬂanmé‘tamimmfmb-radlcal

2-al kyl -2- norbornyl O:her exanpl es of acid bi |
polyn@u&thn, «candensaiiar pelymargation, e‘t‘ﬁ"&%jﬂ?’fébww catalysts, or

am?HiBS I at ?n?a W%@Flkéﬂ&reQeBﬁﬁlg_ééf Car'h‘i’é‘léhgl Rier may be

groups (e.
syrﬂhlésmédleEls(r@—B()IBylm, arplsiati(Isilk, C‘&usnem)sz)napqumeélzatlm or the

e 1Pk R O 30 VB3, £ bURRGwan o

weighP hegralgs rmsledmaeweight fromcaksuit 1gDG0 tocahdeh $ 0000, preferably
reacti on _betwe forrral deh de and

fro'ﬁu@*?‘i’ms%ggﬁ’lt?lﬁ t SR, 4N rienp'ieﬁ%ag efé%fﬂc%g)%ﬁ 6,00Q, to @bout

50 ggﬂal Wﬁgn ials, %él éi)é’f‘égé: nﬂﬂééhlar”ﬁle@h? |935éI6w P'OOUHH%anood
ydri Typ | noNoNer s nay f or mal deh

filre fargiings pmm‘b%& raraa net oiginatbfos, thetaﬂtl@&fmﬁV%§Oa\‘lng and when

e BT " B RS 5 e s o

solapiliyNoBRIragar etaﬁllty eaatl ahe ghkeslmra)enbe compromisedhol , The

ooty oal oL L NeoSoE ot St b s me wegn
avdrd 8%6I@BUIHPW9F§N %ﬁﬂtMﬁ% %@nU@b@g aféagknaviecirl defgf can
pofymeri zation,” such as rin eni ng_ net at hesi s,

rangeekomadiQc i 10.0, where the mo ecu ar weights of the polymer may be
determined by gel permeation chromatography.

The novel antireflective coating composition is coated and then cured on
the substrate by the application of heat. Heating induces a crosslinking reaction
between the carboxyl group or hydroxyl group on the polymer and the
crosslinking agent, and the acid labile crosslinkages are formed. A particular acid
labile acetal crosslinkage can easily be facilitated when the crosslinking agent is
a vinyl ether terminated compound and the polymer contains a carboxyl group or
hydroxyl group. The resulting structure is highly solvent-resistant and impervious
to the interdiffusion of photoresist components. Such curing processes are the
same as those of the normal thermosetting antireflective coatings.

The vinyl ether terminated crosslinking agents that are useful in the instant

invention can be represented by the general structure (7):
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pol yneri zati on, condensati on pol ymerization, using

nmetal organic catalysts, or anionic or cationic
W@Wel93ses i zati on techni ques. The pol yner nmay BPET/1B2005/000773

synt hesi zed using sol ution, emulsion, bulk, suspension

pol ymeri zation, or the like, The polyners of this

i nvention are polynerized to give a polyner with a

wei ght average nol ecul ar wei ght from about 1,000 to

about 1, 000, 000, preferably from about 2,000 to about

80, 000, nore preferabl ?ut 6, 000 to about

50, 000. When the wei ght averagé mol ecul ar wei ght is

bel ow 1, 000, then good filmform ng properties are not

obt ai ned for the antireerCDive coating and when the

aver

' | . i i )
whejelspans SEECRIHORCSKieanineey Broatied 8Powtie Bind.Asiityted or
unshbgmhté@ (CRC,DE afy ”Wr Oétll:ﬁ;ﬁdjted' her RAbskismeds (CyCMV atttyclic

he free-radical lymers, where Mwv is the weight

hyommrbg@, and scuRait lﬁé?ezyﬁve@matl\theﬂgrmlnél WOWb%theéﬁé?Lli’g@aCts

W'tm ﬁw@)&q"@‘ 9% ﬂa@oﬁﬁw%hé %&n]reroto:glvé gtﬁgfﬁl?rllfengcetal

Imkbgegﬁxamplém@fIsnnhcﬁnwnaﬂhegﬂalmMate'ﬂﬂerosskm{mg agents include
tive coat hen

i G S5 RGOSR S o BTl By

lso'p'ﬁét&blﬁﬂa ' Bﬂml@ﬁlyﬁ)xgh%ﬁﬁ)l ' éﬂéldl‘ﬁxylﬁ%ihylﬁ rglb@m@e rtn:&(bﬁ/lnyloxy
car group or hydroxyl group on t
butyharmeliase] syt molvl Syelenel amedyD| tetephihalate; bis(d-

ving(rg%? étﬂ{ﬂatg%foiﬂa&(gge 1 rsoéhllﬁlﬁr%é C?Iggtf Ylﬁ?l'o%m §4 n}]ethyl-
1 3thlm§flenleb< ibisgadgenate blsm-vmygdxyd:tlhyd) (methylenst dicd, 1-phenylene)
SoCSTRS. S0 B Eht AR, 5B i

divﬁ?l \Bdr; RSioBE aVbctoRrdNiayY ethet dnbhters r%lmpdeﬁfWINdrlch
phot or esi st conponents.  Such _curing proce

Comp@ngaﬁgdagolym herring coensiant | ViR SERS: @t er vmﬁ ether
erhes SR BRI By ESETH T fadel B rfons i
Phoimbem dPhatalviohe7A6p(200diit &1 Myomnhet gatneChems tivaker.urts1854
(19(943; 3r I£| échacht, et al., ACS Symp. Ser. 706:78 (1998) which may also be
used, and are incorporated herein by reference.

The vinyl ether terminated crosslinking agent is preferably added to the
antireflective coating in a proportion which provides 0.20-2.00 mol equivalents of
vinyl ether crosslinking function per reactive group on the polymer, especially
preferred is 0.50-1.50 reactive equivalents per reactive group.

In one embodiment where the antireflective coating composition
comprises a photoacid generator, the photoacid generator in the antireflective
coating and the photoacid generator in the photoresist, are sensitive to the same
wavelength of light, and thus the same radiant wavelength of light can cause an
acid to be formed in both layers. The acid in the exposed areas of the
antireflective coating, present either through diffusion from the photoresist or
through photogeneration from the photoacid generator in the antireflective film,
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wherein Ris selected from (Cl1-C30) |inear, branched

or cyclic alkyl, substituted or unsubstituted (C6-C40)
wW@reos/093513 substi tuted or unsubstituted (C7- CA0PCT/IB2005/000773

alicyclic hydrocarbon; and n > 2. It is believed that

the termnal vinyl ether grpup reacts with the

hydroxyl or carboxyl group of the polymer to give an

acid | abile acetal |inkage. Exanples of such vinyl
rea@l%hﬁifh iy &g ?étﬁl@ &b§§|ﬁikh§5$ 9 dageasimik thel psimer, thus making

I s(4-vinyl ox di pate; bis(4-vinyloxy butyl)
these;msﬁ@taéea%pg (tme \anhgaﬂ@szswez)gegm)g sglubl%mhaea@@deous alkaline

oo it MY PBUTEL eGP PR, SRl ooncs

on ied mHotcwmlsbth@)Qd usedhiihg plesteatit hgererator k] t(PsP@) of the novel

con&pn tipor\/xllﬁys}egg&y}egc ¢l o'ﬂ(%‘\éng\ﬁelﬁhhylblf | S%ﬁh{]{&ﬁalgatgfed exposure

wa\kiéléh‘@h bajrefepablPpi 348 -nth N YA9BX inb Uind )15(7rrahhwberweep ultraviolet
di - 4, 1- phenyl ene) bi scarbamate; and trieth ene5g col
phaiprgsisls, @mﬁlaap th qum%@zddﬁ%er selfanitp salis @r @%h@% nm

a Vi h i
At e Sl SR ke
phajosensiive@dmapouridsyincletewitheutrimitetiod, onissphotorcidgenerators

PR darrbi ety ioponl BERE: slifarly sdfs? 3t ndrionic
PAQéemcHV&bedlazoﬁllfb&W coAPIdhds, osultdnyxipaiedities,eandl nitrobenzyl
Ser. 706:78 (1998) which ma

. | b d, .
sulmt%egterwéiheygataéw wéqte% Sif{ver e9rape S#%SQH%% an acid
up(ﬁ%@t%{ghéti%hﬁé&%é ts€8 0T Rk Ml $afd SR ué@all&ﬁ%%@'“ﬁl&' f%rm soluble

to the antl reflective coating in a ortion
in arganih spivenisd ewstly 26-iodaGumodr sydfgnwxm saliss easamw f which are

oI DS, BT o
sulfm\late/ a{iﬁghgr:}y?@llfrderﬁﬂﬂt I i ﬂu@hmtltaané n sulfenaafbodmptmnylsulfomum
ere | ive coa
ot Dt 51 RGOy ESTRREis B fom an s
&ﬁ ﬁ‘Faro@étBQ thék hi§ pidedehteribkings CORiZolE, BRAMIERSles, thiazoles,

ot oaci d generator in the photoreS| st, are sensitive b
substltutaé 2ayeongs, e Pbegelic osulionightestersd kissalfordmedianes, bis-

PR, . e BB e b

tris@tfiflidremethylsulfonyl)methide, triphenylsulfonium
bis(trifluoromethylsulfonyl)imide, diphenyliodonium
tris(trifluoromethylsulfonyl)methide, diphenyliodonium

bis(trifluoromethylsulfonyl)imide and their homologues are also possible
candidates. Mixtures of photoactive compounds may also be used.

Figure 1 shows examples of PAG structures, such as onium salts and
hydroxyamic derivatives which are useful, where Rq, Rz and R3 are independently
alkyl, fluoroalkyl, F, OCpHzni1, OCnFani1, COo-tert-Bu, OCH2-CO..tert-Bu,
OCH,OCHs (n=1-4); X is anion of non-nucleophilic strong acid e.g. ~
O(SO2CnFan=1), AsFg’, SbFg’, -N(SO2CnF2n=1)2, "C(SO2CnF2n=1)s.
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antireflective coating, present either through

di ffusion fromthe photoresist or through
w@bwsogsner ati on from the photoaci d generat or PCI/IB2605/000773

antireflective filmreacts with the acid labile

crosslinkages to decrosslipk the polymer, thus making

the exposed areas of the antlreflectlve coati ng

sol ubl e in the aqueous al kali ne devel oper. The

Phoggagk d;sbsa?@af QBann‘i’fthé %ﬁoﬁﬂcid Eh&aidrieancis@kuméhium salis
chosen ends on the ore3|s to be used. The

or ;dmmphﬂlogem@nasDrew@IIyofz 1 Acdiazengphdfnepianesofhat are

can BB, oA BRI RPN e o o

polyimai;] Q)hxndequlfdmatee,vsmdsatutw ot anaistitided aaphthalimidyl triflates or

napht hoqui.none di azi des, or .sul fonium salts f 365 n

SuaBeR AT oB KGR A FORIASI SPRSRIorS, ; Ry hioRiaci BelStator

thapébéd‘rss %@hﬂaﬂ%eéaﬁhe ReavRlEHge %%Sthbltkéﬁ photgresistimay be used.
I nclude, "W thout limtation, ionic photoacid

Phajeacid ae@esat@nsﬁlgowrs inclheaart mayzlom ugad saahsas thogsdisglesed in
t |
the 1% 5734 WSH'JS%% 168, U3 P@ghéyq%g')g/s I%%ﬁaégw hugss,716,756,

zds oun
DEr8 gwbee,ngE SOBOWt Gwﬁnaar Bateat tApplicatioanky 4, 112 967 9, F. M.

HofiPRRcRATy o PHEPR s g THRBNbrrand CReDl BirkSmtis ey a!-
Phétésél ) Sei.f PédANS 03: Qbse(wgopr EaSbhlegél geal sJ. nbctbbwyms Sci.
i odoni um or sul foniumsalts, exa ch_are
Tealinoh8iARTi G@9R) oh M | $hitair fndkndn WR‘&HH\A%C' Techn., 3:301
(19§bf*§§6yh+&g§ &éam@@n%¥ raéfe%hane sul fonate,

on| umitri ronet hane sul f onat e,
tr |'ﬂ1‘&3mpl\$ut ffonitben ardinefléciiveoboatinge iss whbeertsschnthathié can

s U ol TRt 3 IDRRBE S 1B, s o

suiRlfs saReheSior tthe a#fitffactios kpatihg toethpbsitionoares cyclohexanone
Phenolic sulfonic esters, bis- suhfon | met hane

cydaRentanity | AniSeihe s 2d1ePiRnaNgy| IRY dlegiaFet H&fPé’ée”e glycol
mothﬁWy%tﬁéP fegihtam A )ﬁrOBYI e ¥co| monomethyl ether, butyl acetate,

| uor orret de,
gammqowmmmasenat@ mtmrhdsuesqlve facelate rreeihyll cse!llosemg |apﬁtﬁt@emethyl

enyl i.odani u n
S'Wtﬁm??%%ﬁ I ﬁﬁyt)bgﬁ'% éu@rgé%e%?ﬁ hll){, éfr%y € an(c)IhOI
diethyi darbomme Og!dm&tmjxyemb/lsmtb@ssbmﬂ etl'qmidclam epropylene glycol

M xtures of photoactive con‘p cis n\t/) ? %

monomethyl ether "acetate, propylene yco methy ether or mixtures
thereof are preferred. Solvents with a lower degree of toxicity and good coating
and solubility properties are generally preferred.

The composition of the present invention may further comprise an acid or
a thermal acid generator. Crosslinking can take place between a polymer
containing a hydroxyl and/or carboxyl group and a crosslinking agent in the
presence of heat, however, typically reaction times may be long. Thermal acid
generators or acids are used to accelerate the crosslinking reaction and are
desirable for instances where short curing times are preferred. Thermal acid

generators liberate the acid upon heating. Any known acids or thermal acid
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Figure 1 shows exanpl es of PAG structures, such as

onium salts and hydroxyam c derivatives which are
waig@bd3isiwhere R, R2 and R3 are i ndependent| yP&l/kB200s/000773

fluoroal kyl, F, OCnH2n+l , OCnF2n+l , CO2-tert - Bu,

OCH2- CO2-tert-Bu, OCH2OCH3,£n=1-4); X" is anion of

non- nucl eophilic strong acid e.g. QS2CnF2n=1 ), AsF6

-, SbF6 -, -N(SQ2CnF2n=1 )2, X(SO 2CnF2n=1 ) 3. For

genRKReRUT hagt B85 UaBH] hex&pARACT HitHSMmer frhRatichan ‘b? 2,4,4,6-
sul fonium'salts or di azonapht hoqui nones, especially

tetrabrompayrlehexagdianonsuibeorels tipaylate; e Sauarit| acids 2-nitrobenzyl

tosﬁét%d Bﬁl‘o?&ac%ﬁlbda%@ q@lheﬁ@%(fo‘?&cémm Mt diestfibtic! R Irﬁ)naﬂate

onates, substitute
acndgrtrlﬂlrtsuicsi,ld)tbwcalmmmam ofncdgehnlt:rsdlfomﬁceacmis salts of these

sul f onat es e al so known a hot oagi d generators. An
meianegHaop. o Bdiesp it Bafboerb insEha i ceHam famBafents Some

acidPHRl eifis pRButE@ by HReMAlt £4i€ Yererdtdis, Mehicts Beve high acidity,
Phot oaci d generators known in the art may be_ used,

candgaf te gndersyiing; ang eaneRrevant the desiredphptoinaging Jeyocess from

o Blgd S 3 ey Tt el T g
acidity4 j.&. WRhS6pKa, (- Iﬁgwl\ﬂf thie @cichdissetiatidn poﬂstaﬁ!l)q;re@ter yiman 1.0
Sci . Techn Q Y, k. . oL
are phIsTaRgy ool e ehitBnagon: wif 8 OBy aared gpsginiang
agent.- Acids wilhad QKQW%ssahan sleeht. gredte? $ar( 1Q9£h')e aISo Wreferred.

Shirai et al . Photopolym _Sci. Techn

The, 1550}ina Ageidhc Upiett cilon SRsily, iparahier 4hc e Thigsence of
pho?ﬁ%éfféﬂéteﬁoécngﬁeﬁﬁ%bl% l/mﬁﬁhf’ﬁm a%ﬁan)fléc.a@%%eafao%uaarwed
ve of the

t can di sso e SO onents
fromadiénme lasist ganeraioss with materatsl asidibf a@malm acigdpicaof 4.83),

on Bl SHKE HLTE0L HENRFALER SATBARAYI 90el Bl g e

of £8))\inrangit &ickl (K=00ly4.48% tahambchio(pmecbfhﬁyB) Egyhmhc acid (pKa

of iggifgﬁgrlcﬁ%%e I(%%ol %nlc %{p %@, r¥oacet|c acid

(pKQCSit §t72 et Ribis GRAILR SRE VSloBlk By ChadBR! Hy korm a thermal acid
3-met hokypropi onate, ethyl pyruvate, 2-methoxybutyl

gengtaionare ptﬁfaﬁedohgdaJ slshoas those described above, may b)é blocked
with bases such as amines. Typical bases are triethyl amine, tripropyl amine,
trimethyl amine, tributyl amine, tripentyl amine, tridodecyl amine etc. Additionally,
diaryl or trialkyl sulfonium salts with anions of weak acids, such as carboxylic acid
or aryl carboxylic acid may be used. Acids which are blocked by bases may be
formed by combining the acid with a base, where the acid:base ratio ranges from
about 1:1 to about 1:3. Further examples of acids with the desired pKa and their
salts can be found by one of ordinary skill in the art by reviewing the available
literature, such as in CRC Handbook of Chemistry and Physics, published by
CRC Press Inc. and incorporated herein by reference. In some embodiments it
may also be desirable that the thermal acid be such that once the acid is
generated it does not remain permanently in the coating and therefore does not

facilitate the reverse reaction, but is removed from the film. It is believed that,
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di et hyl carbonate, 2-nethoxyethyl ether, but ethyl

| act ate, propyl ene glycol nononethyl ether acetate,
wee@pyvsne gl ycol nonomet hyl ether or m xtur espeiEB20e¥000773

are preferred. Solvents with a | ower degree of

toxicity and good coating gnd solubility properties

are generally preferred. The conposition of the

present invention may further conprise an acid or a

onc?e'“@’bgﬁlnkﬁﬁj ﬂlk8§ AR Ple- adid %ééd&ﬁbé&&&nvéléiﬂl%e@ B{FReat and

tween a pol ynmer contai ni ng roxyl and/ or
theaiadomgﬂsﬂ@nomrpduﬁt@ arechakesl| mutmfr%eafg@moruthe tagisl may sublime

f
o355 B T ond P gt o A 818 38 i e
curlrg and ¢he rextersé neactionscsusimig thg dse:antposmoarrﬂ the ecetal Imkage

desirabl e for _tnst ances, wher e, short cur
e

dogsy B'claRe Plackh e e G0 Sehplers RigH Gap Abpeidle aripgd and
theH BRI YeRfiedstior AB olkiyvar e Bifotofesidl lrépleferred in some cases.

aci dgenerators may be used, exenplified w thout
Wenkraaids thatsrentgin ansthe, Bm meay abpoh@éymtm@ka@ﬁ dhyhanay not

gre? nﬁﬁ'ld[%r tt|9§¥l|e@6ﬁ'1 oSHBAof ?h@%b?ta]l ﬁnl@eier Q?n%nééfﬁ é’éia&'d derived

oro cet| c acid
fromelﬂwlea’tmesubf anicc genemdjornisnprieferablyarsnuoved frbm theaantireflective

t her, gl kyl esters _of. organic, sul f.oni Ci
confhegt dembersitissnindind | R0, 83t 13E B aipt rd-Enenore
prefé?éblzefHCﬂCrtoCéb‘ﬂm PO0PS. FRERICRR &Sth%ﬂﬁalaéctld?gd@bmidréemay be
ermal acid generators, which have high

by t
preg@it in dae antireligative compagtieh at @xﬁlsrfaeg@etfrqrﬂ@ h&?? é\(?'ght%
tf ing place. Thus, it has
of ﬁgé%@g%gg edfbcg?caju gwfgﬁg?}(am ds with m)derat e
mﬂlmqal antleeflemtlve coairg cdompegitionsodf thieepresent invention may
di SSOCI on st an reat
cortlyBEe i 1o 0K 3B fstret B KR ok B e, Brciofiihy e tan o
pen@éﬁlSSbbBé&ildhgtlﬁgml welghidsf tNet ctbealngKa)m{ﬁosht&ﬂ'ﬁ Thersdfid® may
and greater than 1.0 are also eferred. Thergsultln

coraer&eairom.mteagéyveagm p@&%qnty therheipnedigeneraion 5 da:99aweight
perREnt BPLRIIGREF, a? eg ) W ac?ﬁ%bﬁﬁ’of%bheﬁdisslmkmg agent and

I'Tm tati ons, of aci derived fromther ma
optinmiatly @etnea&wenght wetdentrotitheaacid st ithirmal acidl genesalor,deased on

e i Bl S RS Rl Bafbedh, Prmtly e
phdto&)ld genevarnic leel drapgke from4 abbt 0.01t tr iaboaiti 20 (weight%.
Preferably )the éﬁoss?mkﬁlga%bgnt I?anges from about 5 to about 40 weight
percent, more preferably 10 to 35 weight percent. The solid components are
dissolved in the solvent, or mixtures of solvents, and filtered to remove impurities.
The components of the antireflective coating may also be treated by techniques
such as passing through an ion exchange column, filiration, and extraction
process, to improve the quality of the product.

Other components may be added to the antireflective composition of the
present application in order to enhance the performance of the coating, e.g. lower
alcohols, dyes, surface leveling agents, adhesion promoters, antifoaming agents,

etc. These additives may be present at up to 30 weight percent level. Other
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of 3.8), fumaric acid (pKa of 4.45), malonic acid (pKa

of 2.8), cyanoacetic acid (pKa of 2.7), etc. Acids
wokiosiomie bl ocked by bases to forma thernmal BCT/TB2005/000773

generator are preferred. Acids, such as those

described above, may be bl gcked with bases such as

am nes. Typical bases are triethyl am ne, tripropyl

amne, trinethyl amne, tributyl amne, tripentyl

e, [

POl P U B RS RS e, PRy Py and
pol;eamlatm maa!rl@mglde@ tcamejcwpamwn qupwiding the parfasmange isenot

e ISPAERS ROty e SHSElgR o Wi BolTiec 6 LBl Bt 50
weight Yeofrthe gc?tal édlrgimdbb@h borﬁlpibsmon anord prb:féi'abmﬁ weight %, and
exa es 0 ci W th t i Led pK | £
veBA OB PTEBFPG oItk 251 WSIaR War yBEREY ey SEeba IS o' the
conhsdHitfl RS drif@nay adthBilitye |Bdtﬁr@i&6@aséuﬁhdaﬁoﬁpho%ses are
ndbook of Chem stry  and Physics, published

knomire ggditivies. @@mm(@@rqidmetsdan&ea@mswmr@p@p@rhbydrqxrde and
phcﬁﬁé&sﬁﬁl@ogé t SPhHwﬁPﬁ\ﬁIgab?é?elk? dr?a?ersag ele géﬂ?&ﬁut&l@%rgomum

er mal acl e suc once he aci
hydrbxide,e striethanotarine, peietharmit |aming, thmatylammag amdctylamine,
t her effor e does ct.i,on

I
trimgiyisy qnﬁf’r%vedhgam egle If| qtlaeny S‘fé'%\é&rls:\}%y@a FOXide, ondds(t
butylbﬁéﬁmumdrrmnto@mmab A0 ths\GerdblUgIphenghaopie dyelamate.
vol at11ized by heat and the deconpositign products ar

bakEe ahgorplion parametsy (leroftth% ng¥elcamRosiinn fanges fgm about
0. 1t{8ea Qi 69 Phélfgl;é%l fr{ AboliebY 5 {d éb&toﬁ 71 88 rhé&fré& i ing

remains 1'n er curing e reverse
ellipsomcetivon Theskaigctive iddex njod soft lhm apfiireflestive ecedting is also

opPt Er R R el 85 oS SR g S oiSRE P on o
thet 9. Ao ddNaNPIWVASEPVOLIDE FiVE Ellsometer! dheeaxdot vatues of the

cases. Weak acids that remain in the filmm
optinwet lapeas fork ansen q;ygﬁqgﬁndsmegmtpe KXRagyIre: %gvelengt?\ used

an@ﬁfe%@@%# Ebﬁlbaﬁsnt ﬁtfam déﬁllfﬁﬁ@ ré_ﬁéﬁrea%ﬁgé’for%lb@ 110

rom-t ener tor is preferably
0.76¢ farvatB hm)thet peefalmed range ot kv@ Octiata fgB,aand for 365 nm the

el SR 310418, 6 R oSk 2 g

les$ Mgirmie tﬂibkdegﬁﬁfemttopfphmeﬁet }Eﬁreffemtily the tllhethlckness of the
antﬁ'gftllgrglt\a/tﬁlg%éh%éjs i:e%g.%ﬁgr% ttrlleo\r/]alag of ?v\\llgvglengtﬂgtlafneq(posure/re’fractlve
index), and more preferably it is less than the value of (wavelength of exposure/2
times refractive index), where the refractive index is that of the antireflective
coating and can be measured with an ellipsometer. The optimum film thickness
of the antireflective coating is determined by the exposure wavelength, refractive
indices of the antireflective coaiing and of the photoresist, absorption
characteristics of the top and bottom coatings, and optical characteristics of the
substrate. Since the bottom antireflective coating must be removed by exposure
and development steps, the optimum film thickness is determined by avoiding the

optical nodes where no light absorption is present in the antireflective coating.
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of solids, especially 0.1 to about 5 weight% Typi cal
antireflective coating conpositions of the present

WO pweneisen nmay conprise up to about 15 percent P@K1B2005/000773
wei ght of the solids, preferably |less than 8 percent,
based on the total weight qgf the coating conposition.
The solids may conprise fromO to 25 wei ght percent of
t he photoacid generator, 50 to 99 wei ght percent of

POl Ve antjfeiicBtived cB&!u@%tcoHﬁf oefidh if cddiéd Eroard bﬂlkétﬂaﬁe using

agent and optional |l 25 wei ght percent of the
techoiques wellHaoml toabose glghed it tﬁ\e arbasiet asriippieg: gRig coating or

| i d
s 8 5y L5 o B8 = g v
ard Plaear, fave abmgraﬁhﬁ)lort dqawleomble’so Erample® oPr sémmbdyctor
suRgRR 56 CORtaNen FE PERERSEAING Gl axsilioh foxide, Sficon
(oxgﬁ{lﬁiﬁat aluWﬁuW'dluﬂnWFﬂ?@iﬁ@dﬁ alleys éi’ldsﬁﬁig%%h iA démm cases

ol vent m xtures of sol vents, and filtered t
there s8R d6 :mbuﬂdun @fsphqtﬁéewrfﬂm@ﬁhe egiges 19b the Substrate referred

to ?% Cﬁﬁ&%e‘é&? "I'Hi%h&%t bERH BBY bRl thdvRdidsif S%Oi%ﬁt or mixture of

Iques” suc passi ng through an i1'on e
solgents msmg téchniduesnwelh ikdownt toattioise rof pordinasys skillani hh!pr av.eThe

th t th
comggafion o cie Pureati dRYRtiEn s Rhipuafil BVERbE, IR, 2t poad
rerAd\Rrs CRYpiSdl sowemsiaéed forestijesad Femewsrs arewitog ladtatch®utyl
coating, e.g. |ower alcohols, dyes surface | evel I%rgeglycol

acelgint s, RIGRESNeSYERlonot BragoMethvIeBsraceiRAtagent SIORY
mohRfiRsh n)?@t]ﬂb]; 'c?ferﬁ é‘i{ﬂ'és hRerof SAY c@éthdéjolsttﬂeﬁ(?: \‘@(?(gme preferred

perce er O yners, suc novol

rar;g}m sahyeinp&mmryrlenﬁompabwtemm%o taimujfl%lOéCafm about 30-120

sed T Gl by SRALET Aot RTB i o abou

156’@&6&&@3@/%00:% f@{mtarslto Qécl:drgj'sSTPe|fi}hmﬁh|ckﬁedee@ftthbdmweffébtlve
g 00 e total solias of the t

cogdingt anges jrognalRyt A0 N, to ARQUEIER N (T i‘o %’@Mﬁl‘ tfﬂi‘éﬁifaﬁﬁs IS
del%@mﬂﬁ-:‘tﬂ Bk it ‘Weﬁak?l% nA%hE! (f’%e%ﬂ,frg dtlﬁl‘fogoraphlc propertles

conposition to en ance sta Bot'h phot obases and
aren cotpthinedp aaspecially  hevn a@dstandmg vweVeaplaes olpsaidedsin the

onffedll 15 SRR AP, BRSNS ROk very

thih @oaBigs yhamensedndue to the excellent absorption and refractive index
properties of the film. The cured antireflective coating is also insoluble at this
stage in the alkaline developing solution. The photoresist can then be coated on
top of the antireflective coating.

Positive photoresists, which are developed with aqueous alkaline
solutions, are useful for the present invention, provided the photoactive
compounds in the photoresist and the antireflective coating absorb at the same
exposure wavelength used for the imaging process for the photoresist. Positive-
working photoresist compositions are exposed image-wise to radiation, those
areas of the photoresist composition exposed to the radiation become more

soluble to the developer solution (e.g. a rearrangement reaction occurs) while
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hydr oxi de, triethanol am ne, diethanol am ne,
trioctylam ne, n-octylam ne, trimnmethylsulfonium
whyasosdsde, tri phenyl sul foni um hydroxi de, PCT/IB2005/000773
bi s(t butyl phenyl) iodonium cycl amate and
tris(tert-butyl phenyl)sul fggi umcycl amate. The
absorption paraneter (k) of the novel conposition
ranges fromabout 0.1 to about 1.0, preferably from
thosd @bad ndbP ekBPosdtP m&in "refstiveBarmdbRMbI! % MPe developer solution.
el lipsonetr The refractive index (n) of the anti
Thuse fieaénenot aateMRgsed PesHivesyarkingzeiaptommsist it ihe developer

cauBb BN P P el TR PR tprialy of <
postiivadmageal indke photdnesisiptdatingy Phoipessisimes@lutionl isydefired as the
o JRE e 9 i R Gl G B e B8 o
the ! sulgrate® rwith ias hiyhl dbgréb 65 imfage 8dge vt eaffdrebgpdste and

range for k is 0.15 to 0.8, and for 365 nmthe
devslqsmerrtedn rr@a@@maguﬁacamr@ espnlleat!p@ today, fesist keradutiopyon the

ord%.p%; ﬁ%‘éét g{)a‘?f hﬁé%féﬁoﬁ%’f’é 'n%&?ééa ¥ aﬁaﬁpnt heist anhﬁdsaeamays

oforesist. Prefera I mthickness
desirhblenthah thhe dee¢lbped phetoresisti wall psofll@s betriean vehical selative to

tno 3 pHURLE AP S e BRI Bl dntE R e B R o
the @¥§ieBEoINg tramsserieibraurate pandaxjransiee bEtHd‘lmask image onto
refractive_index is that of the antlr flect (;goatln

the 5 fybsliaten e THIS SRRGANSS t BVelh B1Ore p&Hliea elas Wemigyrard
mi thmétm qgagéésﬂg érﬁeammehgfoh%dme dé%;bbng is

e erm ne exposure wavel ength, refractive
i no?qmtweaacttnge pi\@tcbreelstSeaommlsmmtnqvg)IaiﬁcreSﬂSt pad quinone-

a5 5ok 5 SHEED € RIABATHA e B it e

No@olﬁlstr%sih@ aréltypieallyh@'oUutéd) Ihwamfjndgeéingcfbrmaldebyde agd one or
nmust be Xpesyre an eve t , th

OB FruHinsHbSMHiC PERPRSA ) 106 oreRanceedl B9 G0 ARt isueh as
oxalBl iR, PIRSacHle @onPolih@dit arRDSGERIraMN bistaficBS Bt reBcting

the antireflective coating. The anti reflective coati n%h
mulibygiexyphenolics compeerds withh aaphihegrimoseydiaaige acids or their

derfsvg@ﬂ gﬁ'gésgﬁé IVI{VQ%Jg% a’{\%ﬁ@fgfo féﬂsét% ggxbé]lf {%\%Pﬁﬁtfrom about
SO(Bminstbmaamanknovm in the art may be used, such as those
ntma} tg gg%@%&eg%gﬁo\ﬁ rYgtRs %‘\ﬁ/%enoéb%sut 180 nm and
about 300 nm can also be used. These photoresists normally comprise
polyhydroxystyrene or substituted polyhydroxystyrene derivatives, a photoactive
compound, and optionally a solubility inhibitor. The following references
exemplify the types of photoresists used and are incorporated herein by
reference, US 4,491,628, US 5,069,997 and US 5,350,660. Particularly preferred
for 193 nm and 157 nm . exposure are photoresists comprising non-aromatic
polymers, a photoacid generator, optionally a solubility inhibitor, and solvent.

Photoresists sensitive at 193 nm that are known in the prior art are described in
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substrates are crystalline and polycrystalline

silicon, silicon dioxide, silicon (oxy)nitride,
wa@basiopesng al um nunf silicon all oys, and tungstRCIT/IB2005/000773

certain cases there can be a buil dup of photoresist

filmat the edges of the sypstrate, referred to as

edge bead. This edge bead can be renoved using a

sol vent or mxture of solvents using techni ques well

the ¥OIRMING ?efbf‘é?ﬁ:%s%fnd%@b Féfe& kekdini BPtAYR486t wd @9/331 98 and

(0] osition |nvent|on i's partlcu ar |
us 19;|aéthmugh amg@omraalst sengitivesat 18hniamay & n top

of tlgggﬁ%rfeﬂéctﬁ%g&rﬁé r?@ﬁ“%ﬂﬁv&ﬁ%net hyl | actate, butyl

propy nonomnet hyl et her acet at e,
pr opilraneig bhotniresmtn de cedtedr on ctop nofx ther eardch antiaflective

Th t he Th d f
coaliBin@nd: hAked St rSeAE 130008 dhanelPSaBEG syent. The
phaidyedist Hidl 29 SARPERLCHIE Sodiiph Eilé’\ieflf 18yer@dHte’ ah&Mtimagewise

heating unit, nore preferably from about 150C to about
exppeed do fastinigsragiatione oliua. subredyent haating kyier she acichgenerated

durfi"l@t b{(ﬁ%@&téﬂéﬁ Qe'fs' E@ ﬁ{?ﬁ]&?ﬁmf(rﬁi@ EQ@H{erlzgf Ha Giireflective

coating exompmsttloraand $hwseréndenngnhe rexpbsediregion of hiee ahtireiective

ood |itho hi c rties are .obtained i al
coeffgy akel TR g MBS PP, BOBEOBy 111 AP faf the
postBioRURSbake sicp éhﬁfﬁrd?@éf’frdm AOPE &b 2D0YC fieouBo-200alecbads on a
thi's novel conposition very thin coatings can be used

hot plaietqy eqvivaieridieating systam pl?fiefﬁﬂ’alabfd rora 8056t toyi60° frdek 40-90
seo%a{;’ Shiddite ﬂfstémfesf bt lggf)ﬁiﬁle% ra‘?/&oa%g.‘icfsfté Y€ bake, since
coa U t he

ing I's also I n&ol e at this stage In
for @ekain ceendistridsy Euch a bamieoacetgihacigHabite dokagese aleprateetion
be ed onto of th nt| eflect i .
progied 2 dopfbiemBeftye. Ui prbEe e i siBHSed Hroions of the
antREfBVE odlalind i AoRosaltiblens ancdduessiefalkaliner salintorp I"I%t@ehjitevel
i nvention, provided the E;)hot oactjve con‘ﬁounds in

SE iy theins deyelaped dnadf j §uiecds t allkaling, e ﬁlﬁ’pﬁb%rr@”&%"e the
phdibesi? (F’iﬁ@séﬁtﬁ'eﬂ@é‘tﬁ)ee Bgéﬁhdss efhé O(Ee\ie’k?pérnﬁg'pﬁ*éferably an

process for the photoresist osi t1 veworK
aqlmthoaH@hee salutiors i coropiising, e farx psampld, niﬂj@«n\)@tbbél tanmonium

hyd;g '8§ ﬁ}ré d%%eggrs%@ﬁg?sfgﬂlﬁ%eco nggg&ﬁbéé, s‘fﬁﬁpéésbﬁrjfé)&ants,
polymers, isopropanol, ethanol, etc. The process of coating and imaging
photoresist coatings and antireflective coatings is well known to those skilled in
the art and is optimized for the specific type of photoresist and antireflective
coating combination used. The imaged bilevel system can then be processed
further as required by the manufacturing process of integrated circuits, for
example metal deposition and etching.

Each of the documents referred to above are incorporated herein by
reference in its entirety, for all purposes. The following specific examples will
provide detailed illustrations of the methods of producing and utilizing
compositions of the present invention. These examples are not intended,
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sol uble to the devel oper solution (e.g. a

rearrangenent reaction occurs) whil ethose areas not
wezxpenexsiy emain rel atively insoluble to the deret/gre05/000773

solution. Thus, treatnent of an exposed

posi tive-working photoresig{ with the devel oper causes

renmoval of the exposed areas of the coating and the

formation of a positive image in the photoresist

hoveR/ak ] tBQ'rmifatoFé%irﬁﬁm% gE&?ﬁ bt iHeoRvbStidien ARfwa§ dnSshould not

small est teature e resist conposition can
be tcoasisdiias asr pravidieg ptonditicnsk pasamiters Wsvalies which wust be

..ni gh e. ' e cyit £ . exposure and

utiged ST 1P bre b B B A R AL T one ¢oday,
resist resolution on the order of |ess than one mcron
are necessary. In addition, it is alnost always
desirabl e that the devel%%wt oresist wall profiles
be near vertical relative to the substrate. Such

demar cati ons between devel oped and undevel oped areas
of Thecabsssplian paametigr (k) thegefractiveabeax 4hewpta maagured

o B85 A SR B2 8B it
coalingi (B.AIR.CAt solntionsiweere spia coated cat priinresh silicos  wafersieand
NEYCN I T T ——
usir%ﬁh%lfﬂsjoﬁfetéﬂﬁﬁﬁu%ﬁjréﬂ WAl Watiam bnSbpe 8bkporation. The

ovol ak resins are typically produced by condensing
obtaiperhdatenptitatioae! the kinden Vikes oL Ao dims.
phenols, in the presence of an acid catal yst, such as
oxal i ¢ acid. Photoactive conpounds are generally
obt ai ned by reacti n@ymithdasishErgaropleohenol i ¢ conpounds

W th n t hoqui ngn i azi de acigds or their
der 15 Baha Hpadk fladk, RURRSSGHIE ok ik aingmomgtes 2
nitrb%@rh gak linel and asmbeidnicdl aiitred OVereraddedideiitrylate ester of 9-
Phot Oresi sts sensitive to short wavel eneg(tgl(ﬁs betvvee@
antheasene 180Methanel atidMMADo rh28hn alseralexysheane Thelds-89),
i | n | Yogorgpr | Bt bRBMetHylether
azdtf bl CPUBR), 1080, 2RE BRAMIEGRESF! HoROmoRly
(PGIVIE) (By)i e sclatipo was, okiaihed@ndodegassed ferol wpinuteg. Then the
i_phi bi.tor. The fol i ref.er. e e '
reaplich Bghe, was et R 7% GRSt FRC Rt far g gurs
und®t flowing nitrogen. After the completion of the polymerization, the obtained
solution was cooled down to the room temperature and tetramethylammonium
hydroxide (26wit% in water) solution (7g) was added. The reaction temperature
was raised to 40°C and was kept for 3 hours before being raised to 60°C. After
heating at 60°C for 8 hours, the reaction mixture was cooled down to room
temperature and was acidified to pH 6 using acetic acid. The resultant polymer
was precipitated into 600 ml of methanol and the obtained solid was filtered,
washed with methanol and deionized water, and then dried. The precipitated
polymer was redissolved in 60g of PGME and precipitated again into 600 ml of
methanol. The solid was filtered, washed and dried at 40°C under vacuum. The

obtained polymer (represented by the structure (I)) had a weight average



reference, US 4,491 ,628, US 5,069,997 and US
5,350,660. Particularly preferred for 193 nm and 157
wpoospssir e are photoresi sts conpri si ng non- aPOIER20€5/000773
pol ymers, a photoacid generator, optionally a
sol ubility inhibitor, and gplvent. Photoresists
sensitive at 193 nmthat are known in the prior art
are described inthe follow ng references and
o g R e a4 iy A TGN ol () o
5,400n aay Measutast @ aogegfpermaanm cbrareaiography (GPC) using
this invention. A film of photoresist
pol)fsgmﬁéﬁ%n%%{@% on top of the cured antireflective
coating and baked to gubstantially renove the
phot or esi st solve i$t and the
antirefl ective aati E are then
i mgewi se exposed ©F di ation. In a
subsequent heating sgep the d generated during
exposure step re e-crokslink the pol ynmer of
the antirefl ect 0 coﬁ%HS|t|on and t hus
rendering the expe egi on of the antineflective
coating al kali soluble in the developiné ol ution. The
tenperature for the postexposure bake step can range
from 400C to 200C for 30-200 seconds on a hot plate or
eqw val ent heat i ng ¥pthesis EXaapie &Py from 80C to
ks 4Rtho Queerpesisdn) | @ ?VITRNér%S*sg{H‘tﬁéézedtm' $he similar
p035| l'e to avoi d the poStexposure bake, since
proceduraias Siethesisrxample ucexeapt sising hecditiereat Iywesmd amount
S r
of b ER BRI RE W InE LR 1Blo SRRF h M StaLHHS.
antireflective cqating is now soluhle in an aqueous
al kal i ne _s¢ s then
devel oped dper to renove
t he phot oresi ‘5|ve oating. The
devel oper is prg % Bl kal i ne sol ution
conpri si ng, [ et ranet hyl anmoni um
hydr oxi de. pper @Hy further conprise
addi tives, s é rfactants, polyners, I?S]opano
et hanol, etc. The process of coating and |na§
phot oresi st coatings and antireflective coatings is
wel | known to those skilled in the art and is.
optim zed_f hot or esi st and

S/ OH

2 (1)
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coating conbi nati on used. The inmaged bilevel system
can then be processed further as required by the

wOoraiwaNegsstar i ng process of integrated circuits,PEDIB2005/000773
exanpl e netal deposition and etching. Each of the
docunents referred to abovg, are incorporated herein by
reference inits entirety, for all purposes. The
foll owi ng specific exanples will provide detailed
illustrations of the nmethods of prqducing and

it gnt 4 nvention. These

; imt or

s "any way and

exanpl es 2
restrict the' gpe
shoul d not be cofstrued pr ovi di A4l condi ti ons,
paranmeters or v es whi clf nust be utilized
exclusively in orlder to pO&ctice the presegh/

i nventi on. Exanples The absorption paraneter zk) and
the refractive index (n) were neasured using variable
angl e spectrophotjonetric ellipsonetiry. The bottom
antireflecfiyve cgating (B.A R,C.) dolut]ions were spin
coat ed on ) NeOr fers_ Aed to get a
given filmthQORness. T were then
nmeasur ed usi ng ﬁ)ellip- er manlff actured by J. A
Wbol | am or Sopr aCor poratiion. The obtai ned data were
fitted to get thgk and nOWlal ues of the B.A R C
films. Synthesis Exanple 1 To a 250 ml 4 nec%)fl ask,
equi pped with a condenser, a thernoneter, a nitrogen
gas inlet and a nechanical stirrer, were added

net hacryl ate ester of 9- anthracene net hanol (AVMA)
(4.2g), 4-acet oxystyrenExamplesd)

RS eitasy L s e 259,
trlsgzrlﬁ\lgﬁyloﬁyl brn?g)c h?nﬁllli:]%t(%kﬁggdh’ga@m%@ﬁ 515\6aﬂah|ﬁ dom Aldrich
Co | Ak iAol b s o (OBSGE, Werd, sl i ipg 600

pro?&lbh@%?&pl MbhemethyRtianadetatie(PGNER) anpo2gref pradylereglycol
e obfaj ned sol ution was coo eg down to the room,.

mopemgEwiathet (BEMRleta 40M1 AN ARHGHEGHY S FaRRg Fompasiion, The
sollfbrtGh fikerSlHidRR o d dhmtiferadded. The reaction

Example 2
A copolymer represented by structure (I) from Synthesis Example 1 (3g),
bis(4-vinyloxy butyl) adipate (0.4g, Vectomer®4060, available from Aldrich Co.),
and oxalic acid (0.01g) were dissolved in 67.6g PGMEA and 28.8g PGME to form
an antireflective coating composition. The solution was filtered through a 0.1um

filter.
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was raised to 400C and was kept for 3 hours before

being raised to 600C. After heating at 600C for 8
whows®93sthe reaction m xture was cool ed down tRCT/IBMM05/000773

tenperature and was acidified to pH 6 using acetic

acid. The resultant polynmer,,was precipitated into 600

m of nethanol and the obtained solid was filtered,

washed wi th net hanol and dei oni zed water, and then

dried. The precipitat edeg was redi ssolved in 6Qg

of PQVE and precipitated agaln |nto 600 m of

metAasagiolyriére repriesentaesby |Stltuetu1fd (INakomd Synthegisi Example 2

0 nder . vac
45, PR PO, Yiaatedl Gabe PedCRlergRRtcailzple from
Aldwelh)g hhd(thhhemﬂsdﬁmﬂm nandflmuqb%gawa@ssweddulmg PGMEA
ht (M [}’3 neasured on a ﬁejgge |(€
anc&ﬁ?an%@M& me( @@nt' keﬁﬁvepepwq/%rne §'t'a dhhgsolution was
I 2-5 Polymers with structures (I1)
flltﬁﬁzﬂ\?ﬁﬁﬁ?zﬁtfﬁ%& zed in the simlar procedure as
Synthesis Exanple 1 except using the different types
and anount of nononers i Ya ?é)adance with the nononer
ratio given in the struE?ur [l )Example 1 A

cop@lcy)pelymanepmhmdi ibaystma:tum (l) érofr }Byh’mems@xnmplel ‘s (39),

wiefibiargivooL chanabiney soiess MaRLOUEG” Dllsa riiame b 19

(Jaaaﬁ) Lt@l )p aﬁaxdxaﬁé faeual (9@1@5)%% ats@,ol(v@d(?ﬁ@)r G@DGMEA and 28.8¢

ssolved in p eneg nmononet h et her
Maay aaég

PGMﬁ;bws@rr(rmm flmtlvgrqggxyng rq:@g]ggfsmon The solution was
mt&g&mwcon‘po@{n f(”PQVE) to forman anti reflective

Itron. The solution was filtered through
a 0.1 mfilter. Exanple 2 A copolynmer represented by
structure(l) from Synt hesi s anple 1 (39),
bi s(4-vinyl oxy butyl) ad pé 0. 4g, Vectoner(r) 4060,
aVaA|c@BanférQ€pf¥séhte@Vb)F§trdotur%r(ﬂc}ql@h ISyniltasis EQal(ihi;IB 3 (49),

were di ssolved in 28.8g PQAVE to form

trls&rkul@(vé:utul&ttnm@lh&aiat(grﬁg MAGHRIBPIRY. ﬁ\'@ll%faiﬁdft?rarﬁldnch)
andBRalld ALiA (6 DI W9 lisRoRed iF0g PGMEA and 30g PGME stirring to

form an antireflective coating composition. The solution was filtered through a
0.1um filter.

Example 6
A copolymer represented by structure (IV) from Synthesis Example 4 (29),
tris(4-vinyloxy butyl) trimellitate (0.2g, Vectomer®5015, available from Aldrich
Co.), and oxalic acid (0.01g) were dissolved in 70g PGMEA and 30g PGME by
stirring to form an antireflective coating composition. The solution was filtered

through a 0.1um filter.
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filter.Exanple 3 A copolynmer represented by structure

(I'l) from Synthesis Exanple 2 (2.6qg), tris(4-vinyloxy
wheiophd3sty i mel | itate (0.26g, Vectoner(r)5015, ewEHIB2868/@0773

from Al drich), and triphenyl sul foni um nonafl ate

(0.059) were dissolved in 63g PGVEA and 299 PGVE to

forman antirefl ective coating conposition. The

solution was filtered through a 0.1 mmfilter. Exanple

4 A copol ynmer represent gehdpyplgtzr ucture (1) from

Synt hesis Exanple 1 (3g), triethyl eneglycol

di vAreppetymear represgntedApy stagtwer (V) em %ynmeéis Exaraplerfon?9),

. 1 SP. a t +and l i i (0,01 .
il BRI B eyl 028, (osaRhalhiR Batlf rom A
Cof)pland a)xaﬁmajc'rdfe(dl.ebg)i \néeretr:]«ﬁascblvm tro7pg REMEA afth’d0g PGME by

.solution was filter t hrough a 0. 1. ilter. Exanpl.
st ooy anties et 8T Sofnssiane 1he sgiar, 1S fitered
thrélgh Besigmiaranpl e 3 (49), tris(4-vinyloxy butyl)

trinmellitate (0.5g, Vectonmer(r)5015, available from
Al drich), and oxalic acid (0.02g) were dissolved in
70y PGVEA and 3Qg PGVE stifthag to forman

| | . d{BlB |
antireflective coating conposition. The solution was
fi | Tee ediutionqrgpamedln IExample| 1t was shiraopdted®mo a 6Ginch silicon

waly 005 35 60 8P &t o, TSt O 1 ot e 3t DS i 0
seddhddtio MeRl ar@iréd driifeffectivy ohBd ¢ayeromhé! filin ickbess .of the
and oxalic acid V\t/ere di ssolved in 7

0.01 PGVEA
coglify, aecfeteyringy b(mllipsgczﬁ@e Pomesuiaciired iy -6¢ ﬁeqlie% company
: Y on ! Lt
o SPSCHREFATH 2 st 160A | OBl e A58 e
sean thattthe edge)bdadoiorsgd duing sh&caaiing peogegg)on the antireflective

co{z}@iqsé@ﬁ 'ﬁ%é@% rkéUt :e?j av&iFlLﬁft';a'&?ﬁsi@% Irif]g% %9 a silicon wafer with a
mixture of 30wWt%PGMEA and 70wt% PGME, an edgebead removing solvent.

The solutions p‘repared‘in Examples 1-8 were spin coated on 6inch silicon
wafers and baked on a hot plate at different temperatures (each baking
temperature 2 wafers for each sample). One coated wafer from each of the set of
B.A.R.C coatings was puddled with PGMEA, a common photoresist solvent, and
the other with developer, each for 60 seconds and then spin dried. No obvious
film thickness change in the antireflective layer was observed on the wafers when
baked above 150°C, indicating that the films were highly crosslinked and solvent-
resistant, thus there would be no intermixing with the photoresist solvent when
the photoresist was coated over the B.A.R.C. When a comparative test was
performed on the formulations prepared without the vinyl ether terminated
crosslinking agent, it was observed that the entire coating could be removed both
in PGMEA and the developer.
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Co.), and oxalic acid (0.01g) were dissolved in 7Qg
PGVEA and 3Qg PGVE by stirring to form an

w@niosoefshect i ve coating conposition. The sol ut PONIB2EES/000773
filtered through a 0.1 mmfilter. Exanple 8 The
sol ution prepared in Exanple 1 was spin coated onto a
6i nch silicon wafer at 250@?pmfor 60 seconds and then
baked on a hot plate at 1700C for 90 seconds to forma

cured antireflective coatl yer. The filmthickness
of the coating, as det er%x ﬂ%&é gy elli psonetry

rmﬁtﬁéiéc?lut‘ ierb blsepélreétl lrtlﬁ%mplnés demv\gaw spin matﬁd pnasinch silicon

ati on t t t ed

walfit Bpkediat (7eECS1ol Y hedondRetootiyB - Sarede el JRnRieters.

Thérh% Bgvt pﬁ&oﬁésweﬁi®®x@®ﬁ3m@\)angbieeﬁémvela€aﬁt (Ju?an) K. K.)
0

could easily be renoved back-si de rinse

was chatedrihargoarand softbakad at &2@°Qformwem give arthighayess of
0. 45%0@%@9 %ngé%dwﬁf’é@‘%é?g it e e%ﬁ;tt%eglo%élnﬁ%%won FPA-

reparéed were spin c
30@0 Eb(5ma/mh€stspdebalexuosnd watens welrepestekpdsure dakad for 90

ogR OGS oot Bl P e eRin Eucer ) SpRnBLyitg Az
30@ I\A’lFHD@vél@péﬂ @38\Wgww{e¢@mmhiﬂ &niviohiura mmmde aqueous

phot oresi st sol vent, and the other with devel op

sol@m ewailal@@ teabifdariantdCoreh Ehe nserandary r%ecam H@JgrOSCOPe
resfu!;[é 'QhBW ?%e na éeodtﬁ‘ tltné‘?)bﬂzyn’i &4 edbtdséehr{eéygﬁd W50 um

serve rs when above
isolated diaes n\gas mnmpllately idpepedbath hingthey pd:lDtQISﬂ;lSh layer sangl the

on RS BB S, APy Ao 1155 Pl rom
theCUMstetedwerfe blerfed\oRilie pMif@rn profilespar ati ve test was
perfornmed on the fornul ati ons prepared w thout the

vinyl —ether term nated crosslinking agent, it was

observed that the enti I ex59id 1@ coul d be renoved both
in PGVEA and the devel op erﬁ’%x mple 9 The sol utions

pr le}bé'nrga@f pnlyﬁuwhp*)@syr@na nweth@cryhate) (56645cmmole relie)c R-075 g of
oxﬁig;l %ﬁ%&%ﬁ%?n@ﬁigﬁbﬂ@h eﬂﬁ?&hfeﬂyb&?orﬁ&ﬁ%ﬁﬁéte} 8nd 'OYfZ5ag of

Vectomer™5015 (available from Aldrich Corp.) were dissolved in 98.5 g of ethyl
lactate to give the B.A.R.C. solution. The solution was filtered through 0.2 um
microfilter. The B.A.R.C. coating gave a refractive index (n) and absorption (k)
at 193 nm of 1.59 and 0.62 respectively as measured by a J. A. Woollam
WVASE VU-302 TM Ellipsometer.

The B.A.R.C. solution was coated on a primed silicon wafer heated on a
hotplate at 200 °C for 60 seconds to give a film thickness of 35 nm. The
B.A.R.C. wafer was coated with AZ®1020P photoresist (available from Clariant
Corp., Somerville, NJ) with a film thickness of 330 nm. The wafer was then
baked on a hotplate for 120 °C for 60 seconds. The coated wafer was exposed

using an ISI 193 nm ministepper for imagewise exposure. The exposed wafer
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Then a DUV photoresist, AZ(r) DX6270P (avail able from

Cariant (Japan) K K') was coated thereon and
wa@odoshogdsesl at 1200C for 90 seconds to give a tPCTKB206%000773

of 0.45 mcron. The coated wafers were i nagew se

exposed using Cannon FPA- 3000 EX5 248 nm stepper. The

exposed wafers were postexposure baked for 90 seconds

at 1300C, followed by a puddl e devel opnent of 60

as HRAOHEE é&bbgufézlﬁéﬁeﬁl%) QM d%c@ﬁ&@ lPR8D °C2 a3l 16R6WEd with a 30-

t et ramet hyl ammoni um hydr oxi de aqueous sol ution

secondipusidle: deyelapmeat abAS °Coising of AE® 30Q HHbDevelopart Ysing a
secBhi4; 638 oh BT ErS B SFOEF SRR AP MR were

obtaimey| 2t aedoseopfetenhJiom® i n t he photoresist |ayer and
the anti reflective coating |ayer. No obvious standing
waves due to the reflection fromthe substrate were
observed on the patterngpampid 5. Exanple 10 1 5 g of

polcgé droxystyrene-net hacryl ate) (55/45 nol
7% el plu(hyeraxysiyrens- wﬂﬁ%m ((QS/ﬂﬁ melaoesa@)of) 015 g

o YRRARLS S TTold by SRS feioeivosn 0.

propylesel gigcoli mofidnethyl afthert Aiyle salatian avawm fitkered tﬁneugh 02 pm
.B.A R C solution. The solution was filtered through
MO m microfilter. The B.A R C. coating gave a

refTie B. A(eR Chdsaufish was Goakstponta pnn(e&)snwonl\ﬁafen ranaf heated
1.59 and 0.62 respectively as neasured

on wpkotplaie WAZE wiaos0 $REQNIS; Ios@iR G fIm ’ﬂwek@SA qi @93 A. The
B.AR h:gfbgl s 8 g:d\gmg FT dprﬁitbﬂ oA &‘@él%blé“%%rﬁ@mrlant

on a e at seconds to give
Cotth 8emesdlleyfNB5 heatedTinea &omlatedor vaeeec imﬁomds Wi give a

020P resi avai | e 0 i ant f
it ygieRe B I i GORPY WTh bk Fooh R 1y lig 1, 408 nm
minigleppeivadr tnhﬁ@eh@éﬁéxpasmehot'ph@t@(ﬁosedla&f@ fwts GlﬁJen post
seconds. The coated wa S ex edoP i n ISI
eXpRURR RAKRA R0 serooRabdaPee et almed wiib Seilbsednd puddie
s r
deI0SER, 23, R eif e @ SR RAT OEvAThSEaRING & Sedditary
eleatror2 3ni0OsoepedD.80 LT phptosesristiB.A.Réy dnep ét:1) wsire gbtained at a

dose of 20 mdJ/cm2.

Example 12

The B.A.R.C. solution from Example 10 was coated on a primed silicon
wafer and baked at 175 °C for 90 seconds to give a film thickness of 499 A. The
B.A.R.C. wafer was coated with AZ® T430 photoresist (available from Clariant
Corp., Somerville, NJ), heated on a hotplate for 120 °C for 60 seconds to give a
film thickness of 116 nm. The coated wafer was exposed using an 1SI 193 nm

ministepper for imagewise exposure. The exposed wafer was then post
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secondary el ectron mcroscope, 0.15 nm

photoresist/B.ARC. lines ( 1 :1) were obtained at a
walo®s/oed51310 mJ/ cnR. Exanple 11 0.075 g of PCT/IB2005/000773

pol y(hydroxystyrene-nethacryl ate) (55/45 nolar ratio),

0.015 g of cyanoacetic acidy and 0.022 g of

Vect oner (t m 5015 were dlsso?ved in 8.0 g of propyl ene

gl ycol nononethyl ether. The solution was filtered
exdd%hfé’g‘&kéh for B0 éacgheé bt 186 °C Thd ﬁ)u%m)%dq?wtﬁg's&éé%nmddb

ed on a prinme 't con water and heated on a

dewmmhmteahesl"zs wBOg of AZ® Se0okills Develppar. dsing @ secondary

hlckness of

eleio smSechn ras B iStolsfB. At its H5) R Sftghef bt a

doseoper vindlemm2.NJ) , heated on a hotplate for 120 OC for
60 seconds to give a filmthickness of 116 nm The
coat ed waf er was exposed using an ISI 193 nm
m ni st epper for imagew se exposure. The exposed wafer
was then post exposure baked for 20 seconds at 120 0OC
and followed wth a 30-second puddl e devel opnent at 23
OC using of AZ(r) 300 MF Devel oper. Using a secondary
el ectron mcroscope, 0.20 mm photoresist/B.A R C
lines (1 :1) were obtained at a dose of 20 mJ/cnR.
Exanple 12 The B.A R C. solution from Exanple 10 was
coated on a prinmed silicon wafer and baked at 175 C
for 90 seconds to give a filmthickness of 499 A The
B.ARC wafer was coated with AZ(r) T430 phot oresi st
(available fromdariant Corp., Sonerville, NJ),
heated on a hotplate for 120 OC for 60 seconds to give
a filmthickness of 116 nm The coated wafer was
exposed using an ISl 193 nm m ni st epper for inmgew se
exposure. The exposed wafer was then postexposure
baked for 20 seconds at 120 OC and followed with a
30-second puddl e devel opnent at 23 C using of AZ(r)
300 M F Devel oper. Using a secondary el ectron
m croscope, 0.35 mm photoresist/B.ARC lines ( 1 :1)
wer e obtained at a
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dose of 2 1 m)/cn2.Clains 1. A positive bottom
phot oi mageabl q antirefl ective coating conposition
waiosiisss capabl e of bei ng devel oped in an aquRoOLEB2005/000773
al kal i ne devel oper, wherein the antireflective coating
conposi tion conprises a polynmer conprising at |east
one recurring unit with a chronophore group and one
recurring unit with a hydroxyl and/or a carboxyl
Cla#ihQup, a vinyl ether terminated crosslinking agent,
—and optionally, a photoacid generator. 2. The
conposition according to claiml1, wherein the
1. chrApogtive @ogommlqtslmageab@amtyemmue ¢oabing kemposiiag which

o Gl o BTl Bhybo5ED o SERRUEHL SR BB RHE U rin e

antﬁéﬁébtilvegidaltmg conpditiont coraprises ensolraer bumpdsmgtdtrlaas»tl one
, a substituted or unsubstjtuted phenanthr
recHrgRINEWEhI (GNOEENGIe GIRNBIAY Dkt EePRUGHOAY Wil 3 fycroxy

and"@}’orS Ubsidribaiye dgrdup i Wik btk %ﬂﬂlﬁ&%@rcﬁéyﬁlhkﬁlg agent, and

romati c ring cont ai ni'ng heteroatons selected from
optmmﬂw,ra pmmaagegeneﬁiblf ur, and a m xture thereof. 3.
The conposition according to claim1 or 2, wherein the
recurring unit containing a hydroxyl and/or a carboxyl
2. gr OPie cempesitivr dictoingatorolainer, wdreiotthd dhramopleorgl group is

RN RTHEN I H A T —————

arofdti hg@%@Hﬁfoﬁ ¢iRgs, a'aneﬁlgsti’futbd’ r . uhsBbstituted phenyl group,
exaf | lior o- 2- propanol . 4. The conp03|t|on accord

suhstituieg ohaenstibst ltuﬁeﬁlsamhr@cws gfaMBr & rPubgiiiuact &&owﬁubéﬂtuted

oy By S P BN} 1534 A o

an agsobgiitoted detergcymtie arbretiai risgsl cootainiog etervayms selected
i nyl et hﬁr term nated cro sI k| ng agent represented

fromoRYgen JRHERSN. SWHDATGS ein, Ris selected

froma (C1-C30) linear, branched or cyclic alkyl,
substituted or unsubstituted (C6-C40) aryl, arid

3. ﬁ;g‘f%% gggg@sﬂbn‘lﬁ%&ahpttﬂ eRiMmCT-d#49) Wheheil Ghé Crecurring unit
containing a hydroxyl and/or a carboxyl group is derived from a monomer
selected from acrylic acid, methacrylic acid, vinyl alcohol, hydroxystyrenes,
copolymers of hydroxystyrene and vinyl monomers containing 1,1,1,3,3,3-

hexafluoro-2-propanol.

4, The composition according to any one of claims 1 o 3, wherein the
chromophore group and the hydroxyl and/or a carboxyl group are present in the

same recurring unit.

5. The composition according to any one of claims 1 to 4 comprising a vinyl

ether terminated crosslinking agent represented by the general structure below;

R—(—OCH:CH2 )n
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6. The conposition of any one of clains 1 to 5,
further conprising an acid or a thermal acid
w@ewmsngdses . 7. The conposition of claim6, whePEI/1B2805/000773
acid or the acid derived fromthe thermal acid
generator has a pKa greater,_than 1.0. 8. The
conposition of claim®6 or ?1 where the acid or the
acid derived fromthe thermal acid generator is

tj~r ef | [ ' : :

whEEEF T S8} fonf B bieS fldalyEBed b Blotic algl, supstited
or tisudsyitubed (Of-Cad) @ryis ahdtsubstifuted be unsaivgiitited {674 gy alicyclic

10. The composition according to claim9, wherein the
hy@?%arpgn?s%'l“ggt?e?d fromthe group consisting of a

nononeri c dye, a polyneric dye and a m xture of a

nmononeric and a polyneric dye. 11. The conposition )
6. accbhelcompositiampf any ooe of ickiims 1ita o, fugheke@ppiising ga acid or

antireflect] ayer has a k value in the range of 0.1
a gl hiofeliot

‘conposition according to any one of
clains 1 to 11, wherein the antireflective |ayer has a

t hick | ess t the thick of t hot or.esi, st .
7. 15, TR GomeRBUEnal I, o e iy TcHE 10 cogigd 1o the

thehfalldoid YBRERKAY Hdiea PRAIgPEMEFAANEDAL OF 1S sensitive to
actinicradiation in the range of 50 nmto 450 nm 14.

A process for formng a positive inmage conprising: a)

8. fo r'ﬁj}é(; gf)@\g%gﬁ’ibh N4 c‘Péimt g%r bPR&HHFé gﬁé’ %?id;ﬁgﬁ%ﬁ%&% fderived from

ant | tive coating conpositi
thec lilaérmal Latid {@nerater dsibemateel flom bde raptitdilective coating  at
antireflective coating, c) providing a coating of a
tempsia %’%E?'@&’é%o &ayer over the bottom coating; d)
i magewi se exposi ng the photoresist and bottom coati ng

| ayers to actinic radiation of sane wavel en'.%’tt h; . .
The composition according to any one of claims 1 to 8 further comprising a

dye.

10. The composition according to claim 9, wherein the dye is selected from
the group consisting of a monomeric dye, a polymeric dye and a mixture of a

monomeric and a polymeric dye.

11.  The composition according to any one of claims 1 to 10, wherein the

antireflective layer has a k value in the range of 0.1 to 1.0.

12. The composition according to any one of claims 1 to 11, wherein the
antireflective layer has a thickness less than the thickness of the photoresist.

13. The composition according to any one of claims 1 to 12, wherein the
photoacid generator is sensitive to actinic radiation in the range of 50 nm to 450

nm.
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e) post-exposure baking the photoresist and bottom
coating layers on the substrate; and, f) devel opi ng

w0 b@sphstdr esi st and bottom coating | ayers w t RCHIB2005/000773

aqueous al kaline solution. 15. The process according
to claim14, further conpriging the step of renoval of
an edgebead after the coati'ig and prior to the baking
of the antireflective coating conposition. 16. The

140" ORS3ScAGI6F rfihel 2B R rtdodorkBrisiier of 1 the

15.

of

ant ective coatl eCconmes I ns e in organic
sol &ent sfoamihgagu eoating | dfakhe dbativinut protoinfageabteh entireflective

baki ng ste rior to. coating th hot ar £sj I r..and
pecomss <eBicetngsfigfiad woldnedt drec) BF1Ehn s
expp)s ur ebalingiHe dritieefleztivatcobating)r i or to devel opi ng the
phot oresi st, and bottom antireflective, coati n% | ayer.
C) providing a coating of a top photoresist layer over ‘the bottom
coating;
d) imagewise exposing the photoresist and bottom coating layers to
actinic radiation of same wavelength;
e) post-exposure baking the photoresist and bottom coating layers on
the substrate; and,
f) developing the photoresist and boitom coating layers with an

agueous alkaline solution.

The process according to claim 14, further comprising the step of removal
an edgebead after the coating and prior to the baking of the antireflective

coating composition.

16.

The process according to claim 14 or 15, wherein the antireflective coating

becomes insoluble in organic solvents and aqueous alkaline solution after the

baking step prior to coating the photoresist Iayert and becomes soluble in

aqueous alkaline solution after exposure to actinic radiation prior to developing

the photoresist and bottom antireflective coating layer.



