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PCT/ EP97/ 05279 Description Bottom Antirefl ective Coatings Containing an
Aryl hydrazo Dye Background of Invention 5 The present
invention relates to a novel antireflective coating sol uti @gry sy Ng a
pol ymer, a NP WMB250d a novel dye. The dye of this invention has good
absorption characteristics, good solubility and good |ithographic
characteristics. The invention further conprises a process for coating a
substrate with the novel antireflective coating and i magi ng a photoresi st
filmcoated on top of the antireflective film 10 Phot or esi st
conpositions are used in mcrolithogrampegerdptioaesses for nmaking mniaturized
el ectroni ¢ conponents such as in the fabrication of COp ter_chips and
integrated circuits. (BettomAntireflective Coatings Coptainingan AIVIMAEZONE i g of fi|m
of a photoresist conposition is first applied to a substrate material, such
as silicon wafers used for nmaking integrated circuits. The coated substrate
i s then baked Bskgrcandofineentiop sol vent 15 in the photoresist

conposition and to fix the _coatin nto the substrate. The ked coat.
surfaceSof the substiegresentdnygation %B%Sée pagvel Bn%fﬁéqcﬁﬁﬁgqﬁ\%f'g 8%%%‘}"2‘%%
radi ation. Thig 51?,%'5@@ DIVeaASH hével ayes Théldgd\sMihizaihvéntion hho Fwd bissorptiont he
exposed areas oP e coated surface. Visible light, ultraviolet (UV) light,

el ectron beam chathcteristios, gonti aolubiliticandysendelithegrrphic Sharactemstics, o nhhsninyenties g
today in mcrokithographic €St . L ahIBAS ;
exposure, the é‘gb e mé’l%gésstar Q{og&?z&@gg@%%m%%egﬂ et\l/agﬁ@%e&ahfgﬁ%ﬂﬁh?%%@g{ﬂgg

di ssol ve and rg#diagifg & phdtoiekist filmaioated on tapfabeanticsflective flmexposed ar eas of
the photoresist. The trend towards the m i.tia.rioi.q‘tion of sem c%d%ﬁr
devi ceslbhas | ead t oPROMICHECORPOSTHRMG 8e; Wt & A °§WP’_’ e Ph Pcoime
difficulties apapghdlogddtirblic Yoforchts such ash thd Eabfitatithi SFlcontifer fpsQind

hi ghl'y absorbing antireflective coatings in photolit hqgratgﬁhy is a simler
approach to di integraséd citeitpr Ginesally, inrtheserpseagsses, farthim q9ating olfilmeef 3 photoresist gnt
fromhighly reflective. trat | f f
reflectivity a?‘g“‘quﬁ“r?nf’?ll*ﬁ'?ii af??é? (taor -eg\rll\%gaggrt]%h?% qgtszstu ?li/eagﬁgtégﬁi%%&g%?dnf% I m
interference rggkihj intégrated cingits. The codtéd subltraté isahénchaked iorevaporatesanyzsolyert by
variations in the total |ight intensit {,%n t he r.esi st {hilni?szs 30 b ethe
t hi cknetSs of t Hothe photoresish SamRQsitiopand-10; fix, the Goafing, oo the supstrats. o The baked,

to the SW NG 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

20 this irﬁage-wise exposure, the coated substrate is treated with a developer solution to
dissolve and remove either the radiation-exposed or the unexposed areas of the
photoresist. '

The trend towards the minitiarization of semiconductor devices has lead to the
use of sophisticated multilevel systems to overcome difficulties associated with such

25 minitiarization. The use of highly absorbing antireflective coatings in photolithography is
a simpler approach to diminish the problems that result from back reflection of light from
highly reflective substrates. Two deleterious effects of back reflectivity are thin film
interference and reflective notching. Thin film interference results in changes in critical
linewidth dimensions caused by variations in the total light intensity in the resist film as

30 the thickness of the resist changes. Variations of linewidth are proportional to the swing
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PCT/ EP97/ 05279 -2- ratio (S) and therefore nust be mnimzed for better
linewidth control. Swing ratio is defined by: S = 4(Rerr]Rerr])[err]

wher rr] _ refl I Vi he resistlair or resi
ere R e ]w659sm§326 ect ty at the resistlair o ess%{bﬁ%%

interface, 5 where R err] is the reflectivity at
resist/substrate interface, where [err] the resist optical absorption
coefficient, and Dis the filmthickness. ABtireflective coatings function
by absorbing the radiation used for exposing the photoresist, that is,
reducing R2 and thereby reducing the swing ratio. Reflective 10

not chi ng beconegtis {Rpaml fherefdie nii3be afiiimded ifor Buttet BhidviathQoRfrolS UWwing 2atRsis
cont ai ni ng topographi cal features, which scatter |ight through the

photoresist fil B¥ing to linewidth variations, and in the extreme case,

formng regions with conplete resist | ogs. kﬁ m‘%ast dyed photoresists
have been utilized to solve these refle T\? robl ens. However, it is

general Iy known that,dyeg Esetﬁﬂf ﬁt}ﬁcet%& the ?’ééfs?gif ﬁ{] Jeggycﬁbtl Ik:%a)ré ixft%f;ﬁe%,lS

the substrate but do not fota nate 1 resists
al so cause reducti onwhereRbis the teflectivitp lat the pesist/substrate interface,he phot or esi st

together with possiblg sublinmation of .the,dye d inconpatibility of the
dye in resist filns.wﬁ?fegef %Ees\ﬁh‘éqt‘ég‘fa&?q'ﬂ @é%l?f“i’éﬁ‘fi)or elimnation of the

swing ratio is requipgehediin tiidknbRf | €ctive coating is applied prior to
coating with the photoresist and prior to exposure. The resist is exposed

i mgew se ‘and 20 Antirgfiective peatingsTfuaction by absorbingitheradiation nsedifor exposing fhesed

. area is then etched, .tvpigcally i 0 n_pl as apd the resist rn

PCoThus trans cPraverty B s, Meclng Ra"4HS Byl “BiiRanel Y, 1 150 oL RERHIG,
fil mshoid d be netchihg \betomdsi gverzoast et phidieresistt isr pattemed i over sibstraies cohraining
W t hout excessive losf\ip@f the regist fil é#ring m )

. etch procgss., .. .
Pol ymeri ¢ or gantapographirals feafupes, @i 3catters light thrqug ?‘FrPH‘PWéesé?Ft o Id0g  toped

in EP 25 RERvidf 2RO Ind iPRE eftren@dise, if%ﬁ@%ﬁﬁ?ﬂiﬂh@&ﬁﬁl&e%ist loss.

reference. However, these antireflective fil'nms are Cast fromorganic
sol vents, such as cybi theepastodyed sphetaresists have heemn utilized topsnten these refleetivitys

of working with px%rb&%ﬂi. (i-lo%(r)ewr? 5 geng?a\ﬁ? kh&AF 1 dyed resists only reduce reflectivity from
15 the substrate but do not totally eliminate it. In addition, dyed resists also cause reduction
in the lithographic performance of the photoresist, together with possible sublimation of
the dye and incompatibility of the dye in resist films. In cases where further reduction or
elimination of the swing ratio is required, an antireflective coating is applied prior to
coating with the photoresist and prior to exposure. The resist is exposed imagewise and
20 developed. The antireflective coating in the exposed area is then etched, typically in an
oxygen plasma, and the resist pattern is thus transferred to the substrate. The etch rate
of the antireflective film should be relatively high so that the antireflective film is etched

without excessive loss of the resist film during the etch process.
Polymeric organic antireflective coatings are known in the art as described in EP
25 583,205 and US 5,525,457 and incorporated herein by reference. However, these
antireflective films are cast from organic solvents, such as cyclohexanone and
cyclopentanone. The potential hazards of working with organic solvents, have lead to
the development of the antireflective coating composition of the instant invention, where
the solid components of the antireflective coating are both soluble and spin castable from
30 solvents having lesser toxicity hazards. The preferred solvents that are known in the

semiconductor industry to have low toxicity among others are propylene gycol



t he” devel opment of the antireflective coating conposition of the instant

i nvention, where the solid conponents of the antireflective coating are

bot h sol ubl e and spin castable from 30 sol vents havi ng | esser
toxicity hazards. The preferred solvents that are known in

sem conductmoqsﬁﬁﬁgtry to have low toxicity anong others a@@%’py 7gne
gycol W 98/ 14832

PCT/ EP97/ 06279 -3 - nononet hyl et heracet at3 (PGVEA), propyl ene gycol
nononet hyl et her (PGVE), and ethyl lactate. Summary of the Invention 5

The present invention relates to a novel antireflective coating conposition

and [err] proGRéioniettyl ethérabétstei (RGMER) Iprdpyiene aptol. morvmethyletiiee ((PGME)y end
conposition conprises a polynmer, a solvent and a dye ofthe structure, [err]
where Alerr] #Hyllaptete| are i ndependent!y an el ectronwi t hdrawi ng group,
preferrably CORerr], CN or CNz, 10 Rlerr] is H,
(dJerr]-derr])alkyl, ((err]-Cerr])al koxy, nitro, halide, cyano, aryl,

al kyl aryl, al kKQumnhary df the Imveutionyl , SO err] CF[err], COOZ, SQerr]Z, COzZ, Qz,

NZ2, SZ, S Z, NHCOZ or, Sd. NZ wh is H. .
(derr]?d g re]r ; !au kyihe Peeset ‘%&ff EFE“&?%?%"&& "g”%ré"?‘ﬁg“"lﬁifﬂé‘j"g&’&}iﬁs‘m Rpd &
N=CW where Wirscest féiCit€hukd i lpRstolithagrspity. Ohe( sdtieetlettive] edrhigositioli cotmprisesda 15

me1l-5. [err] The nore preferred structure for the dye is, [err]
W98/ 14832 polymer, a solvent and a dye of the structure,

PCT/ EP97 27
CT/ EP97/ 05279 AZ\l/Al

Y

Ri)p,

where A, and A, are independently an electronwithdrawing group, preferrably COR,,

CN or CNZ,

10 R; is H, (Ci-Cio)alkyl, (Ci-Cio)alkoxy, nitro, halide, cyano, aryl, alkylaryl,
alkenyl, dicyanovinyl, SO CF;, COOZ, SOs;Z, COZ, OZ, NZ;, SZ, SO.Z,
NHCOZ or SO, NZ,, where Z is H or (C,-Cjp)alkyl,
Y is a conjugated moiety e.g. N=N, CW=CW, CW=N, or N=CW, where Wis H,
(C1-Cio)alkyl or (C,-Cio)alkoxy, and

15 m=1-5.

The more preferred structure for the dye is,
0 O

Ry R3

R,



-4+ where Rlerr]-Rerr] are independently H (Cerr]-Clerr])alkyl,
(dJerr]-(err])al koxy, nitro, halide, cyano, aryl, alkylaryl, alkenyl,

di cyanovinyl, SJerr]CF[err], COQZ SO[err]Zz, CQZ OZ NZerr], SZ
SHerr]Z, NHCOZ or. SOerr]NzZ[err], where Zis Hor ((err] ,,)@bkyl Y
is a conj ugNCBMWBRety e.g. NN, OWECW CWEN, or N=CW V\,he;Pgr Plﬁs H.
(dJerr]-(err])alkyl or (Jerr]-(err])al koxy, and nrl-5. The dye of thIS
i nvention has very good absorption charactéfistics, good solubility and

gi ves good |ithographic performance. 10 Detai |l ed Description of the
I nvention The present invention relates to a novel antireflective coating

conposi ti on anghde KRLEHS :ﬁdb’peﬁdeﬁtlyliﬁ (cpcm,bumwl (C,'Oygalkpiy, - nitfd)chalide, cyano,

antireflective conposition nprises a a solvent and a d&%bogz t he

structure, [err] mmvleallqlwk ]alkatw& WYGWM“Y&@:QH@IGQQ@&RSZ Q. OZ

Rerr] 1s Herr] (ot |G ) SO ¥tz Hok Ol o, it 1o,

hal i de, cyani), ar ylY isd donjuatet modty e.gy N=NOCW=0WyCWHN, asqﬁw,]mewmzn
COQz, SOferr]Zz 2 err NHCOZ or SO err NZ2 ere Z
is Hor C[err] C[ecqi'%zﬁfﬂ%lm(& ?E’)S@%‘ﬁ]"‘égat ed noiety e.g. N=N, CWCW

CWEN, or N=CW whergYks H (dJerr]-derr])al kyl or
(Cerr]-derr])al koxy, and m=1 5. The nore preferred structure far the dye
IS, WD 98/ 14832 The dye of this invention has very good absorption characteristics, good ~

PCT/ EP97/ 05279 e i ndependently H,
(Jerr]-err]¥ ‘ﬂ%& éf’ ﬁc’ﬁ" «-gpﬁlc%dmﬁé;”g hgllde cgano aryl ,

al kyl aryl, al kenyl, dicyanovinyl, SO[err]CFerr] COQZ S(err]z CQz a4z,
NZ[ err]l,0 SZ

Detailed Description of the Invention

The present invention relates to a novel antireflective coating composition and a
process for its use in photolithography. The antireflective composition comprises a
polymer, a solvent and a dye of the structure,

Y

Al

RQm

where A, and A, are independently an electronwithdrawing group, preferrably COR;,

15 CN or CNZ,

R, is H, (Ci-Cio)alkyl, (Ci-Cyo)alkoxy, nitro, halide, cyano, aryl, alkylaryl,

alkenyl, dicyanovinyl, SO,CF; COOZ, SO;Z, COZ, OZ, NZ;, SZ, SOZ,

NHCOZ or SO,, NZ,, where Z is H or (C,-Cio)alkyl,

Y is a conjugated moiety e.g. N=N, CW=CW, CW=N, or N=CW, where W is H,
20 (C1-Cio)alky! or (Cy-Cyo)atkoxy, and

m= 5.

The more preferred structure for the dye is,



SQierr].Z, NHCOZ or SOerr]NZ[err], where Zis Hor ((err]-Cerr])alkyl, Y
Is a conjugated noiety e.g. N=N, CWCW CWEN, or N=CW where Wis H 5
(derr]-Cerr])alkyl or ((Jerr]-Cerr])al koxy, and n=1-5. The dye of this

i nvention has very good absorption characteristics, that i Hﬁ*%bsng
extinction MRMME2ent  good solubility and gi ves good Iithographic
performance. The higher the extinction coefficient for the dye, the nore
effective the dye is in reducing 10 -¥eflection of light fromhighly
reflective substrates. The polyner of the antireflective coating is used
essentially as a binder resin to give good coating properties. The pol yner
can be any of the following, but is notciini ed to these, honp- and

co-pol ymers of acryl ates, am des, ester et fler, hydroxystryrene, im des,
met hacryl ates, nmethyl vinyl ether-m al e S{ide, oxynet hyl enes,
styrene, 15 oxyal kyl enes, uret8nes, [vi ny3 acetates, and vinyl ether,
phenolic resins, epoxy resins, and novol akyresins. The solvent can be a
single solvent or m xtures of solvents thaf{ dissolve the solid conpounds of

the antireflective conposition and give coating properties. The
antireflective coating utilized in this tion may be dissolved in
various solvents 20 (hereafter ref to as casting solvent) to

provi de a conposition which is useful for Rx)nt;lg thin films. Particular
exanpl es of solvents include, without limtation, butyrolactone,

& et hy T sul f othe, KRRy B epspdepll EEC, TSGR, 60 Bl ied, AR, anc
propyl ene gl ycol noggiratkyixdyl, atkesyl( dchmdvinyly SOFIFe I COQZ,\EMZ, GOZo O Nk, SZ,
PCT! EPo71 05279 6§02 RHCOBAT SONNPn PG ASH e GCoB PQVE, PGVEA and
ethyl lactate or sty gsmldafudSRtietsel. R, OW-SCW, Bt N=GW wiert WiIH,
degree of toxicity, and good coatihg and solubility. properties are
general |§ prefer red(Cn:ﬂﬁéa&Mler(@i-C@ﬂgk%, ¥Wat i ng conposition conprises a
pol ymer, the dye Ofmkbﬁi

The dye of this invention has very good absorption characteristics, that is, high
extinction coefficient, good solubility and gives good [lithographic performance. The
higher the extinction coefficient for the dye, the more effective the dye is in reducing

10 reflection of light from highly reflective substrates.

The polymer of the antireflective coating is used essentially as a binder resin to
give good coating properties. The polymer can be any of the following, but is not limited
to these, homo- and co-polymers of acrylates, amides, esters, ether, hydroxystryrene,
imides, methacrylates, methyl vinyl ether-maleic anhydride, oxymethylenes, styrene,

15 oxyalkylenes, urethanes, viny! acetates, and vinyl ether, phenolic resins, epoxy resins, and
novolak resins.

The solvent can be a single solvent or mixtures of solvents that dissolve the solid
compounds of the antireflective composition and give good coating properties. The
antireflective coating utilized in this invention may be dissolved in various solvents

20 (hereafter referred to as casting solvent) to provide a composition which is useful for
forming thin films. Particular examples of solvents include, without limitation,
butyrolactone, cyclopentanone, cyclohexanone, dimethyl acetamide, dimethylformamide,
dimethyl sulfoxide, N-methyl pyrrolidone, tetrahydrofurfural alcohol, propylene glycol
monomethyl ether(PGME), propylene glycol monomethyl etheracetate(PGMEA), ethyl



5 xinstant invention,and a suitable solvent or m xtures of solvents.

O her conponents may be added to enhance the performance of the coating,
e.g. nononeric crosslinking agents, nmononeric dyes, |ower alcohols,

addi tives tgﬁgronnte crosslinking, surface |levelling agent bAgyN
pronoters, ?V%ﬁﬁing agents etc. Additives may be incorporated into the
antireflective conposition to inprove a particul ar performance
characteristic. 10 Addi tives that i1ftuce crosslinking jn the film at
tenperatures greater than about 70[err] C nay be added. Such additives nmay
be crosslinking agents, such as, crosslinking agents which are effective to

crosslink hydrgse 8cétibingtindaketbof, BRIPGME) PGMER! amth 8ihyblaktatecoss mixtares
applicable in the current inventions, Exanples of such crossl |£|k| nﬂggg nts

are hydroxy orthereefosrs peeferyadnePelvantiowith alewerrdegrag) of SpXIEH, apd gped ¢

et hers or al cohoks. . B&&‘%l FRpgnds, isocyanates or bl ocked
equi val ent s, aﬁ?ﬁgbglltx(él%g?mgscarrf/gam gg)Por met hacryl ami des. Further additives
may al so be added tTiet adtinefleetheee codting edofipositiore gomprises o pblymkt, rihe dyerof the

le, acids, in particular therms) | t , h

Casont | 81y 2. s EROALEN SRR SRl 4F SREue ohRAFBNT ORB StIES FEY; o

desireabl e t 0 fiARedid dlhice tid Rrfo Héhos Bﬂih% e&ﬁtng,aé.g.%&ﬁimehal&d@ginkﬁngraggms,
d

soluble in 20 t he casting sol vent of the photoresist and additionally

i s not det er i omanamerigydyehclowgt alsahols| additivess ta) pramate srosslinking; surfce devsHingne

photoresist. The absorpfj : L ef Y i ls.zed
for a certain 30 1%@‘5%?#' @&m%ger{%gagt@?& %\%&F@%é{chg&dﬁgﬁsh@%s%ﬁ? %%F%rg% glmge of
substituents ognet ffiretieetiveUsompositions to timpruve & hpurtionlar pérformanue- chardvtkristic.ng
or electron donating generally shifts the_ 25 absorpti on wayel h to
| onger shorﬁéﬁim\iﬂiﬁgﬂe‘ﬁﬂicﬁy?sé%éﬁ‘wg‘f 91%‘ P teHMRTA Y B ?‘ﬁ%g?BI%B‘?tﬁﬁg{]‘ of
the dye in a pahlhe H{kﬁeﬁ' | S0cR 8difiTdsShhy ] FSfinkGi agdifts 28lich 35, SffoAinkiktE agents
appropriate choirce of substituents on the nonomer. In another enbodinent

t he subst it uenwhich are ¢ffectivectotanosslink kydraxy apide. arboxyl, ad thiad finctjpnal pelymeGsen

0 ot e e, P Gl R ol LRGN e
~a aqueous basegydoty sralioninethiimeimines, wesformaldehyde WeinS BehAS sthers or alcohols,
Pet! EP9175/ 0-5 279epoxy compounds, isocyanates or blocked equivalents, and alkylol acrylamides or
methacrylamides. Further additives may also be added that increase the efficiency of
crosslinking, for example, acids, in particular thermally generated acids, such as
essentially 2,1,4 diazonaphthoquinone eaters of phenolic compounds.
It is desireable to have an antireflective coating that after baking is not soluble in
20 the casting solvent of the photoresist and additionally is not deteriorated by the aqueous
alkaline developer used to develop the photoresist.
The absorption of the antireflective coating can be optimized for a certain
wavelength or ranges of wavelengths by the suitable choice of substituents on the dye.
Using substituents that are electron-withdrawing or electron donating generally shifts the
25 absorption wavelength to longer or shorter wavelengths respectively. In addition, the
solubility of the dye in a particularily preferred solvent can be adjusted by the appropriate
choice of substituents on the monomer.
In another embodiment the substituents in the dye that are hydrophilic in nature
might be chosen such that the dye is then water soluble. In such instances a water
30 soluble polymer and a water soluble dye could be dissolved in water to give a aqueous

based bottom antireflective coating.



-7-+The-pol yner of the antireflective coating conposition is present in the
range of about 1% to about 30% by total weight of solution. The exact

wei ght used i s dependent on the nol ecul ar wei ght of the polynmer and the
filmthickness of the coating desired. The dye is present from
about 0.25% WY XHM%Bht to about 20% by wei ght of the 5 all%@?t’tehlxgir? Si nce
the antireflective filmis coated on top of the substrate and is further
subject to dry etching it is envisoned tha?-the filmis of sufficiently |ow
nmetal ion level and purity that the properties of the sem conductor device
are not adversely effected. Treatnments such as passing a solution of the

polymer or the dye fRy gulgheraT tﬁ@ﬂl@maﬁﬁ%%osﬁﬂn is presdnt it feahageiof and

an extraction process can be used to reduce the concentration of netal ions

and to reduce ghout i%itegbour38%:b totadmeight ofisolution: The exashweightusedisidgpendented
th bst ' ' ' ' .agt,
ouch as- i ppi gy PR AL R I Bobme S ok b IBBEne of i eclind el

antirefl ecti veThedjd i§ Presend geslebel dronnibokit 0.05% byiwdight td @baid Q0% by weight @fithe15

The coating is further heated on a hot plate or convection oven to renove
any residual s8AiaR: and to induce the appropri ate degree of crosslinking,

if a crosslinkin i 4 ; | ' ' - d L.0N,
in order to i nso?uglgiﬁ%ﬂgxtg %deréfflélcp{r;npﬁlgﬂg%aﬁgs?@? Qgg%%%ye%ﬁ%%ﬁh%ww
antirefl ecti vetd dryretahing itis eavisoned thahthetfijm ésofiseffidiently lolemetelion tevelant purity

i ndustry provided. the sensitd vi .Of .t hot oactive caonpound in.the 2

phot or esi st naﬂ’@ﬂgise %%?ﬁféf°ﬁtﬁée§°§‘ﬁ?‘?"98¢$% ?"i'“x‘?é’%ﬁ%&*}%ﬁ .a}?ﬁgrcgecgrszﬁ%m ypes
of phot or esi St siEhras Passingod soluti@OsH thy Pol¢MEK brghe A tmegg'n avion exthiakipe Golumfien
negati ve-wor ki ng photoresi st conpositions _are exposed inmage-w se to

radi ati bh, t hefilieratien, and ap exiractipn proceshfaa bejused tocprducaithe songeatration of; el
becone | ess SO%%QL‘E“&%&W@?X&S&QH solution (e.g. a cross-linking reaction

occurs) while e unexpose areas of the photoresist coating
remai n rel ativel y sThedtizeftectivermhting conipositiomis cditad on theesabstratetusing technigugsosed

negati ve-worKkin esi s i th evel oper gauses. renpval. of the .nons osed
o br The o e by ot ucefl ' fn St cf B4 GFPink, SBiRcaRing s Souny i
“the coating. Thgtleb dfihormirefltgtive cbating RelgddFdh aboud (0.1 htcromfteiboyt D @nicron.

substrate surface on, whi ¢ch the photoresi st conposition was deposited,,K 30
On the d her hahecoatingis Petben hepted, on & hotplate ot spErtion QYA £FMQVSPEY Zesidual

exposed solvent and to induce the appropriate degree of crosslinking, if a crosslinking additive is

incorporated in the antireflective solution, in order to insolubilize the film.

Photoresists coated over the antireflective film can be any of the types used in the

semiconductor industry provided the sensitivity of the photoactive compound in the
20 photoresist matches that of the antireflective coating.

There are two types of photoresist compositions, negative-working and positive-
working. When negative-working photoresist compositions are exposed image-wise to
radiation, the areas of the resist composition exposed to the radiation become less
soluble to a developer solution (e.g. a cross-linking reaction occurs) while the unexposed

25 areas of the photoresist coating remain relatively soluble to such a solution. Thus,
treatment of an exposed negative-working resist with a developer causes removal of the
non-exposed areas of the photoresist coating and the creation of a negative image in the
coating, Thereby uncovering a desired portion of the underlying substrate surface on
which the photoresist composition was deposited.

30 On the other hand, when positive-working photoresist compositions are exposed

image-wise to radiation, those areas of the photoresist composition exposed to the



| mage-w:se to radiatipn, those areas of the photoresist conposition exposed
to the WD 98/ 14832
PCT/ EP97/ 05279 radi ati on becone nore soluble to the devel oper sol ution

(e.g. a rearrangenent reaction occurs) while those areas n remain
rel-atively -i‘ﬂ?ﬁﬂ'ﬁ?’e to the devel oper sol ution. Thus, trea?ltrre“ni%i'io g%\

exposed positive-working photoresist with the devel oper causes renoval of
t he exposed areas of the coating and the eBeation of a positive inage 5
in the photoresist coating. Again, a desired portion of the underlying
surface i s uncovered. Positive working photoresist conmpositions are

currently favogshion BeconfROnbre\sOIubRY 16l thE dévRopert SohRRATEECa réherahgniEat reaction
generally have better resolution capabilities and pattern transfer

charact eri st i coscurgloviglectiioss areas drotexposed Jemain relatively insplublenty thesdevelonerur e
1P subst ot o AP ARt oA bkAS L nd SRS N hO BB

t he substrate eqr ee ge acu er exposure
devel opnent. susesrenonsirofftisecéxposedmpreas pif itieadoatimpsardatie greatimsofsd positivelimageon
on the order of |ess, than one mcrqQn are necessary. Ip .addition, it.is,
al nost a? ways dbdhe Rhgteresist, Foating. dg*x@r'o.aeéﬁswﬁtpaw@i of thﬁanJeHwam Jugiace, is
near vertical hﬁw e to the substrate. Such denmarcations between 15
devel oped and undevel oped areas of the resist coating translate into
accurat e pattern tr Rositiver workinghphoteresisti compesitienscare icurrentlysfavered ovatnegative

beconmes even nore.critical as the hto d.nniaturizatlhon r es_the
critical di men?fog]ﬂgg in éec&gﬁ g’@s&!‘% rs#?q\g% Y&‘@Y‘I" R&‘I‘%‘h%f@?{é% g?pggiglﬁﬁpﬂ Si ng
novol ak resi ns pasén Qrahsfer¢harhcreristits. Photopesistl fesolatigihiztdefifdd ascthe emplivstnfistusy e
well known in the art. Novol ak .resins arﬁngo to%/{)?ipcally roduced bq\;
condensi®ig f or MENchhG desish SMBRRLtiQR cangtransier from. the phptomasie to Higctvbteate withd, o
presence of anyafi dedrad alsY ikage SEdR 2iX BALC cifdsthe BRPIARIAbIMEL COTROMBAS
are generally obtained by reacting nul tihydroxyphenolic conpounds with
napht hoqui none minufactidngapplications taday, resissrresolution ©n therpules oflops then pye wicramese

Lypes oL L i o i PO A Sl P A s
300nm can al so vl pefilds bEhRae vetisilSieRtiv® torahd SubsRirp! | Suchpdénydivationsk Yervgerene
or 15 developed and undeveloped areas of the resist coating translate into accurate pattern
transfer of the mask image onto the substrate. This becomes even more critical as the
push toward miniaturization reduces the critical dimensions on the devices.
Positive-acting photoresists comprising novolak resins and quinone-diazide
compounds as photoactive compounds are well known in the art. Novolak resins are
20 typically produced by condensing formaldehyde and one or more multi-substituted
phenols, in the presence of an acid catalyst, such as oxalic acid. Photoactive compounds
are generally obtained by reacting multihydroxyphenolic compounds with
naphthoquinone diazide acids or their derivativés. The sensitivity of these types of resists
typically ranges from about 350nm to 440nm.
25 Photoresists sensitive to short wavelengths, between about 180nm and about
300nm can also be used. These resists 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

30 5,350,660.



substituted pol yhydroxystyrene derivatives, a photoactive conpound, and
optionally a solubility inhibitor. The followi ng references exenplify the
types of photoresists used and are incorporated herein by reference, US
4,491, 628, US 5,069,997 and US 30 5, 350, 660. WO 9

PCT/ EP97/ OSM”S’@?”The process of the instant invention fumﬁai ses
coating a substrate with the novel antireflective coating and heating on a
hot pl ate or convection oven at a sufficienpky high tenperature for
sufficient length of time to renove the coating solvent and crosslink the
polymer, if desired, to a sufficient extent so as not to be soluble in the
5 coating sol yhd fidcal of e RAAMGRGERIS! Afthet Bombiised VRS Albkifdsh Wih
devel oper. The preferred range of tenperature is fromabout "70[err]C to
about 250[ er r] the ndvel hntireflactive goating dnd keatingvofiOd botplate tonconvection fover ah@

temper at ures aBEUEnsHaY SR S ek BOSE B RS Rk te odlie e o
film of phot or asd erbsslifik theolynrestifdesired, to R sofficielcextunt k6 aé hatabibésobitin g and
baked to 10 subst ant | al ngg rempve fhe photoresist solvent. The

phot or esi st i scoatingsqiutien atihe phetorssist erindhe aqueonsalialing dewaloper.d dhe pegferred; o

remove the t 1 eghgdof Gipslarurh RhiaBOR 10°E4h By 560 CH B Seh AR ALAL BUEY,

into the process®pri or el opre er "exposure. process of
coating and i nEgiththeplimsufficiest oss of lveat br insufficiedtadegteesof cebsslinking fakes pigcear t
and is optimzed, for the specifi of resist used., The patterne
substrate can BPLH tggpm%:ré%ggove ESOL%E & mayhecome Fhemical “Eﬁé%e% iy
remove the expepgHofdrésist AOh@l cbited it kdelof ahé | afirdfledtive véatifigt4iA baERI i NY
phot oresi st acting as an etch mask. An internedi ate | ayer may be placed
bet weenl@ he ansubstantiallyremevectha photgresisiisolveat. pFas photospsist is wnagewise gxposed and

Cnt i xi ng. . e . e o his | Con.
The 1 nt or nodi aberobeE B b a5 Bavelok'th Waiclle toe BEbuaf ARG Plag (Bl el O
exanpl es of t hetepoarybeincarperated|ints thd pnoeesa pdomiol develophnent ardd) eftéraexpasnren gThe

specific exanples wll provide detailed illustgations qf the t hods of
P eduCi g and” BT ofting A Srdsrts photaressi Syl ot io iase AGHE o ircire s

exanpl es are js optimized for the specific type of resist used. The patterned substrate can then be dry

15 etched in a suitable etch chamber to remove the exposed portions of the antireflective
film, with the remaining photoresist acting as an etch mask.

An intermediate layer may be placed between the antireflective coating and the

photoresist to prevent intermixing, and is envisioned as lying within the scope of this

invention. The intermediate layer is an inert polymer cast from a solvent, where

20 examples of the polymer are polysulfone and polyimides.

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, however, to limit or restrict the scope of the invention in any way and

25 should not be construed as providing conditions, parameters or values which must be

utilized exclusively in order to practice the present invention.

EXAMPLE |
Diazonium salt formation:
4-Nitroaniline (13.8g, 0.1 mol) was charged to a jacketed 800 ml beaker at room
30 temperature, along with 50 ml of 6 N HCl and 10 ml water. This mixture was

mechanically stirred at room temperature for 20 minutes, then cooled to 0°C. To the



not ‘i ntended, however, to.,imt or restrict the scope of the invention in
any way and 25 shoul d not be construed as providing conditions,
parameters or val ues which nust be utilized exclusively in order to
practice the present invention. EXAMPLE I Di azonium salt fgsga%$mgfm

4-Ni troani | MO98148235 0.1 npl) was charged to a jacketed eaker at
room 30 tenperature, along wwth 50 mM of 6 N HC1L and 10 ml water.
This m xture was nechanically stirred at-thomtenperature for 20 m nutes,
then cooled to O[err]C. To the WO 98/ 14832

PCT/ EP97/ 05279 - 10- beaker was added dropwi se a pre-chilled sodiumnitrite
solution (7.6 bgakepwlﬁatm&i drfpwhSe MlproseHilRe)sodikienimigélschirivn (R6sg,e0<DE thel ini 15 and

the tenperature was kept at 0-5[err]C. The reaction was also nonitored for

excess ni trijt anlum(;erg Kllxepgqitéon glps)em)w?mndgxhﬁwmwae&@ptpﬁ&?ﬁ- [2
P ter 1T cyeastn ok plo aRiered 6 Ereshecfitied Db R Mo WPty BAEREc

rate was sl owggkt thaped;| tRéVphpeRRurned irhmedistelyrdatie blus /ridaktinthé preséince of ar¢essig

material. The -ad?ga?lon was conpleted within approximtely 20 to 30 nut es;
excess Aitrit aitsiteoJE gxdsss 'ﬂ'ffé%g’g% presentfivringshe &g‘ﬁ%‘?“’ tﬂf‘FédgH%Ft‘?‘Bh"aﬁbwga to
conpleted; if f e AB 0 i u Iakidiks

added. The ci SIS ToEE niti@G rendt hitn 4 RIng RAGHL IR abLE WIS
whi ch any exc agishirl §pproximatelyi 20r tot3® minstesjeycesahitrite shawdd beypresant 30 minutes| aften i
of a 10 wt % aqueoys sul fanj c .agid sol utij.on., .This diagzoni,um sal bt L on
was nai nt ai nedﬂ%t‘d@{"@r F]cemghedi é‘°&cﬁ9pﬂLéFW§“°r] a0t f"o 9%"(?8“"?15’%%3@%@%#
Ethyl acetoacelgle fHedifonil sl Phixtufe wadRimed £33 Kbur BY09C] a6y wileianyQtcess of

t
15 deionized water was added to a pre-chilled 800 m jacketed beaker
at 0C, 10echaninittite wias neutralized tsingrappeoximatelinlimb af gridowt e pauegus) sifamiq, act

di azonium salt so] ution was .add r.opw se over [F2)"3] . LUt es
whi | e roni t or i ¥ 'PBTTB-S\S&fa&?@u?’éggfﬁ‘&%v@ﬁﬁaﬁgﬁﬁﬁnegm ‘I%O g‘ié)rfg%{a%
dei oni zed water was added at end of the addition. The coupling reaction was

stirred at O[err]C for approximately 30 m nutes. The resulting solid
Coupling reaction:;

Ethyl acetoacetate (13 g, 12.7 mi, 0.1 mol), 35 ml pyridine, and 100 ml of
15 deionized water was added to a pre-chilled 300 m! jacketed beaker at 0°C; mechanical
stirring, thermometer, and pH probe were added. The diazonium salt solution was added
dropwise over approximately 20 minutes while monitoring temperature (< 10°C) and
pH. An additional 100 ml deionized water was added at end of the addition. The
coupling reaction was stirred at 0°C for approximately 30 minutes. The resulting solid
20 dye was vacuum filtered. The dye was reslurried in 5% aqueous acetic acid for 5
minutes and vacuum filtered. A final slurry in deionized water for 10 minutes was done
to remove residual acetic acid, and then vacuum filtered. The dye was transferred to a
crystallizing dish and dried in a vacuum oven. The UV-Vis spectrum in ethyl lactate
showed a peak at 371 nm and gave an extinction coefficient of 120 ml/ g.L.

25
EXAMPLE 2
Diazonium salt formation:
4-Aminoacetanilide (15.0g, 0.1 mol) was charged to a beaker at room
temperature, along with 75 ml of 6 N HCl. This mixture was magnetically stirred at
30 room temperature for 30 minutes, then cooled to 0°C. To the beaker was added

dropwise a pre-chilled sodium nitrite solution (7.6 g, 0.11 mol in 20 ml water). The



20.- .. dye was vacuum filtered. The dye was reslurried in 5% aqueous
acetic acid for 5 mnutes and vacuumfiltered. A final slurry in deionized
water for 10 m nutes was done to renove residual acetic acid, and then
vacuum filtered. The dye was transferred to a crystallizing dish and dried
in a vacuunWOW83%he UV-Vis spectrumin ethyl |actate shobeHERIRR at 371
nm and gave an extinction coefficient of 120 m/ g.L. 25 EXAMPLE 2

Di azonium salt formation: 4-Am noacetanitite (15.0g, 0.1 nol) was charged
to a beaker at roomtenperature, along with 75 m of 6 NHC . This m xture
was magnetically stirred at 30 roomtenperature for 30 mnutes, then

cool ed to Of erakb LeheDaR | oI | ?p,a,gg LM
nitrite sol ut |ag&nlg?n/&g’ g, O. 11‘%?7:%%?%“@8&%%%,[ e?lg ?P?%eé' %\Q/%éagié 1 3§w
PCT/ EP97/ 0527 $onitdrkd -fon exbess nitriteasing XISt paperi(potassitint fodideestavely festi paperfathdept
at < 5[err]C. The reagtion.was als jtoted for excess nitrite using Ki
Sapﬁr bIE pot %B.SE :%Pﬁg%f’%ﬁ;gﬂ%ﬁ ‘ﬁﬂ%ﬁ:gzﬁgﬂj in &‘ﬁé@rﬁiﬁ'ﬂ)"@;‘; ;%F%&'q’ﬁ?ng[ﬁﬁ?gﬁ y

ar ue RER it i was
present duri néﬁ?hewga%i tingg, theeaagcﬁl??sg?rﬁgﬁ n\r/\i’/aflséa";‘VI omlggéfg&glll%w ti@rre for

5 5nitri tnigriteote geact With the hstarting rmateripl.ra (Tde | additionTmwas sepmpldtesh within

conpl eted withi ' . ' es. I 14 ) -present
10 nut es. af AepoRRBSETRIES; Siel M Tou e ThEel 10 i3 AR ohp W15
mol % sodi um n$ tarhpleted;ibubt, e additenbhl 5Tibel0dnalz¥%ndodinns Aitrite thotil beaadders The rred
for 1 hour at appr.oxi natel 5[err!,C, grter whi ch any excess nitrite is
neutral i zed ushazgninmpRllmixbiremps stiged &r L hoyrat appeeyiraately SGy plervhichhamy 10

solution. Thi lAZ:Q5 g it i 1
I N e I
(13.0 g0 0.1 mohjion. 3T hisl dipganiwhe salt selationl @@s maintdinedlcatoapprexdmately 0°C forwhd er

was added to a 'alcket ed 800 m beaker at approximately O[err]C, mechanical
stirring, . coupling reaction. |

Coupling reaction:
Ethyl acetoacetate (13.0 g, 0.1 mol), 35 m! pyridine, and 100 m! of deionized

15 water was added to a jacketed 800 ml beaker at approximately 0°C; mechanical stirring,
thermometer, and pH probe were added. The diazonium sait solution was added
dropwise over approximately 60 minutes while monitoring temperature (< 10°C) and
pH. The coupling reaction was stirred at approximately 0°C for approximately 1 hour.
The resulting solid dye was vacuum filtered, and then washed with water on the filter

20 cake. The material was further purified by dissolving the product in tetrahydrofuran and
precipitating into twice as much hexane, and vacuum filtering. The dye was transferred
to a crystallizing dish and dried in a vacuum oven. Analysis by HPLC showed the
product to be 95% pure. The UV-Vis sprectrum in ethyl lactate showed a peak at 371
nm and gave an extinction coefficient of 84 ml/ g.L.

25
EXAMPLE3
Diazonium salt formation:
Ethyl 4-aminobenzoate (16.5 g, 0.1 mol) was charged to a beaker at room
temperature, along with 50 ml of 6 N HCl. This mixture was magnetically stirred at
30 room temperature for 30 minutes, then cooled to 0°C. To the beaker was added

dropwise a pre-chilled sodium nitrite solution (7.6 g, 0.11 mol in 15 ml water). The



t hermoneter, and pH probe were added. The diazoniumsalt sol ution was added
dropwi se over approximately 60 mnutes while nonitoring tenperature (<
10[err] C) and pH The coupling reaction was stirred at approxi mately

O[err]C for _approximately 1 hour. The resulting solid dye %%m%%#?
filtered, a%&) 2ashed with water on the filter 20 cake. e

material was further purified by dissolving the product in tetrahydrofiran
and precipitating into twi ce as nuch hexadg: and vacuum filtering. The dye
was transferred to a crystallizing dish and dried in a vacuum oven.

Anal ysis by HPLC showed the product to be 95% pure. The WW-Vis sprectrumin

ethyl lactate sfafidRGva exBMKmAE ad theW@mparsugwas Répt QX Ki 39C tThe restion wasialot of
84 m/ g.L. 25 EXAMPLE 3 Diazoniumsalt formation: Ethyl 4-am nobenzoate

(16.5 g, 0.1 rmbiitoned; fastexeess ditrite using: Kit crepert (pptassivm dodide-staieh dest napery thet n

50 M of 6 N HQ . This.m i ' . m
tenperature f o?%bnﬁeﬁu'&@ﬂ{eﬁewg (l)) Oﬂ?gg) %{c‘é %SPJg ?’prr ! é%xﬁ%ass égg%é r If\/\e/axg 8')gd ded
dr opwi se ﬁ pr eni\}t\gé gﬂgf?zegg}glduﬂngl ithier additionpthetaddition raté was sthwiell towdllowrtinie for

wat er). The . ) ] . .. -

beT EPo 0527 ot -ton Rark it s SERIBEnERIFFEL 2 The pdditign was, completed s WtlIB:  ar

< 5[err] The r Lot ht@s; ERbdst A shéllld B piRSent 10 nhiiitEs afber Tk ddditioaper
(pot assi um i od?@g‘}st af@t@s?ﬁ%a er); thg paper turned ilrmedi atrel y d;;lr Kk

bl ue / bl ack iis ¢complegseds SEmote apf additionalss o t10i mel % sodinwenitsite iwasi addedia sThe
present during. the.additio t he addi,tion rate was slowed. | QW i for
: it 1§ dinte gpt s Wi, Heted, o o e APk RmARE s fer i

conpl eted Wi t hifheair WiBh&IIiRA J¥ing WpPXinRide $ lfufta’ 10 %t Hajetusiailfamies ent
10 mnutes after the addition is conpleted; if not, an additional 5 to 10
mol % sHMi um niaid solutiona SThividiazeniumhsaliciolution Wasrmaintained; at appreximatels QG foa ther or
1 hour at apprxi ﬁﬁa%?éagﬁo%[e”]c’ after which any excess nitrite was

neutralized usf’%‘ﬁ’ proxitmately 1 m of a 10 wt % aqueous sul fam c 10

acid solution. This diazoniumsalt solution was nmaintai ned at approxi mtely
O[err]C for the ) )
Coupling reaction: .

Acetoacetamide (10.1 g, 0.1 mol), 35 ml of pyridine, 250 ml of deionized water,
15 and 50 g ice was added to a 2000 ml beaker at approximately 0°C (ice / sodium chloride
bath); mechanical stirring, thermometer, and pH probe were added. The diazonium salt
solution was added dropwise over approximately 20 minutes while monitoring
temperature (<10°C) and pH. An additional 550 ml deionized water was added at end of
the addition. The coupling reaction was stirred at approximately 0°C for approximately
20 1 hour. The resulting solid dye was vacuum filtered. The dye was reslurried in 500ml 1
N HCl for 20 minutes and vacuum filtered. A final slurry in 500 ml deionized water for
10 minutes was formed to remove residual acid, and then vacuum filtered. The dye was
transferred to a crystallizing dish and dried in a vacuum oven, yielding 24 grams. The
UV-Vis spectrum in ethyl lactate showed a peak at 364.4 nm and gave an extinction

25 coefficient of 141 ml/ g.L.

EXAMPLE 4
Diazonium salt formation:
Ethyl 4-aminobenzoate (16.5g, 0.1 mol) was charged to a beaker at room
30 temperature, along with 50 ml of 6 N HCL. This mixture was magnetically stirred at
room temperatufe for 30 minutes, then cooled to 0°C. To the beaker was added



coupling.reaction. Coupling reaction: Acetoacetamde (10.1 g, 0.1 nol), 35
m of pyridine, 250 m of deionized water, 15 and 50 g ice was added
to a 2000 m beaker at approxinmately O[err]C (ice / sodiumchloride bath);

mechani cal stirrin t hernoneter, and pH probe were added. ' um
salt sol uti oWOM448R 4o dropwi se over approximately 20 mi nui[%gmg\#lhﬁie”

nonitoring tenperature (<10[err]C) and pH. An additional 550 m deionized
wat er was added at end of the addition. T™B -coupling reaction was stirred
at approximately O[err] C for approximately 20 1 hour. The resulting
solid dye was vacuumfiltered. The dye was reslurried in SOOM 1 N HCO for

20 ninut es anddipwise @pkd-thilsdaddiu difriedohftlon (7.5 g 0.1D@d! i 1506l wate) eTheat er
for 10 mnutes was forned to renove residual acid, and then vacuum

filtered. The additionyeasiexaihemmic prdthe temperatyrs was keptibatyvesn approximaielyi &3'CG.n a
" il di _ ] ; . o ed
hpeak. at 354" T Halbnasdlsd onitl 8 fobenddsS oA Uil R plyer GUMbsstaiodlE: ° 107

g. :_) EXAI\/PhE 4st?chmﬂb%per)$ﬁietpapermmed iunnedﬂtélyﬂar&bh:&i/bhbletmbafese(n&éoﬁﬁ, 0. r1ﬂ
no was_charged to,a begker at, room 30 . tenperature, .ong with 50

of & N HO Thi Ssisitgte ﬁ}a}gc%ww@apreﬁewmgeﬁe Bidiiego Herad Ao BTV f or 30
mnutes, then &lag}gfﬂ;dquhﬁéfomm@om&@miﬁ%r:mxﬁdiéh"aﬂ Theﬁ%?gr%??’z

PCT/ FP97/ 05279 - ropw se a pre-chilied sodiumnitrite so (7.6 g,
0.11 nol in 15completed within approxinekdély 30 mindes; excessinitritei should Ge present dOpimuesur e

kept bet | t el - 9. C. ,Ih ' I I t d
for excess nit AReangAtions Coppicoatiti s diiipdl 316 10 48 A BaRrbGripshobft ©
the paper tur nggadddiE Thebmbonithi bdit dixtieé Was&ifredTorl hEoup RESHIGEMAELlYS°C, after

excess nitrite. If excess nitrite was_present during the addition, the
addi ti ot r at e Whishanyexcgssnitrita Wes/peutralized ysing\anproximately 1rrakafia 10iwipeapeeous
starting mater| . AP . Wt hin. i

. i nut es; exceslglﬂ*r.]aﬁl%l de?ogl&ié’hl ?“E?%P g’sggﬁt% E%&rﬁ“ n‘{uj}?e'}s;'m'@‘Qim;"m{t a%%‘yatép
0°C for the coupling reaction.

Coupling reaction:
15 Ethyl acetoacetate (13.0 g, 0.1 mol), 35 ml of pyridine, 250 mi of deionized

water, and 50 g ice was added to a 1000 mi beaker at approximately 0°C (ice / sodium
chloride bath); mechanical stirring, thermometer, and pH probe were added. The
diazonium salt solution was added dropwise over approximately 60 minutes while
monitoring temperature (<10°C) and pH. The coupling reaction was stirred at

20 approximately 0°C for approximately 1 hour. The resulting solid dye was vacuum
filtered. The dye was reslurried in 500mi of 1N HCI for 20 minutes and vacuum filtered.
A final slurry in 500 ml deionized water for 10 minutes was done to remove residual
acid, and then vacuum filtered. The dye was transferred to a crystallizing dish and dried
in a vacuum oven, yielding 28 grams. TLC with mobile phase 2:1 ethyl acetate; hexane

25 showed single product spot, compared with starting materials. The UV-Vis spectrum in
ethyl lactate showed a peak at 355 nm and extinction coefficient of 107 mV/ g.L.

EXAMPLE 5

Diazonium salt formation:
30 Ethyl 4-aminobenzoate (57.8g, 0.35 mol) was charged to a beaker at room
temperature, along with 233 ml (4 mol equivalents) of 6 N HCl. This mixture was



after ‘the addition is, conpleted; if not, an additional 5 to 10 nol % sodi um
nitrite should be added. The diazoniumsalt m xture was stirred for 1 hour

at approxinmately 5[err]C after 10 whi ch any excess nitrite was
neutralized using approximately | m of a 10 wt % aqueous CI d
sol uti on. TMWQ8Y g’&?om um salt solution was maintai ned at a %UFOM

O[err]C for the coupling reaction. Coupling reaction: Et hyl

acetoacetate (13.0 g, 0.1 nol), 35 m of -p4#ri di ne, 250 m of _ dei oni zed
water, and 50 g ice was added to a 1000 m beaker at approximtely O[err]C
(ice / sodiumchloride bath); nmechanical stirring, thernometer, and pH
probe were ad ' b5 Sethdersileltby S\mitdte 2R dosleXRYDTS WlFice /
appr oxi mat el yd@% a-ér%g{'es Ire noﬁ{l‘éeér?‘lr? eratsure (<10[err]CS and pH.
The coupling rsedium dﬁomhsbaﬁt)l r'l?cethe @eak&t:)was wdedaq:pp\me m%clyllﬁd[aoﬂw}toﬂm

t el h | j d
ae resl ur i ochonfionges BchST R PRty SX iyl Hiterh T Mtlam s tpindehl, © ©
final slurry igmd58e téh e@@mrwzseraepwe&veeﬁ ;Fﬂrbmdwneswvashamendmwwme

resi dual acid, and then vacuum fil tered. dye was transferred to a
cryst al I5i zi ng moniterethfor dxpess nitritequsing: K rmmre(mtaﬁm dedide-starch testpaper);ahey t h

Compar e w ¢ 18P PR EERRIS QEIRAT itk in the prRRRAESE Mol Sl O ibasi P!
showed a peak gitritéofas presandusing thwdddhhn,cmefaﬂdlﬁbm Irdte fas kbivedito gillow tieMePLE 5
D azonium salt formation:

g 3 Jnobenzoate (5 0.35
mol ) was char gitte d°arq§§al¥é‘$ the stanins: g‘ﬁ}f@?‘at uﬂt—? iHon, ‘Wzst ﬁ°‘2§g‘ griwglk

equi val ent s) O;ppﬁo%ﬂgg 30 HihndtestieXéeds Ritri¥B Should W PRsekft 38 Zninutes after the addmon
PCP/ EP97/ (6279 "-14 - netical'ly stirred at roomtenperature for

i nut eslo t hen nsmomeutedmfopb ran]additignal 1§ tocl® moldecodismenitrise F‘éﬁb‘l‘bb‘i PgdedTéfhPhe

gfagl;e:m}/vaisnaggwﬁ#&swgﬁrﬁaﬁgﬁeﬁ) ri&%ﬁp%géﬁré%lﬁ%ae exdt ermc and t he
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acid solution. This diazonium salt solution was maintained at approximately 0°C for the

coupling reaction.
15

Allyl acetoacetate (49.8 g, 0.35 mol), 100 mi pyridine, 500 ml of deionized water

was added to a beaker at approximately 0°C (ice / sodium chloride bath); mechanical
stirring, thermometer, and pH probe were added. The diazonium salt solution was added
20 dropwise over approximately 60 minutes while monitoring temperature (<10 °C) and
pH. The coupling reaction was stirred at approximately 0°C for approximately 1 hour.
The resulting solid dye was vacuum filtered. The dye was reslurried in 500ml 1IN HCl
for 20 minutes and vacuum filtered. A final slurry in 500 ml deionized water for 10
minutes was done to remove residual acid, and then vacuum filtered. The dye was
25 transferred to a crystallizing dish and dried in a vacuum oven. The UV-Vis spectrum in
ethyl lactate showed a peak at 355 nm and gave an extinction coefficient of 91 ml/ g.L.

EXAMPLE 6-12
Table 1 shows the arylhydrazo dyes synthesized using the synthetic procedures
30 described in Examples 1-5 and gives the peak absorption (Amax) and extinction
coefficents (g) for these dyes.



5:° - .nonitored for, excess nitrite using Kl paper (potassium
|od| de- starch test paper); the paper turned i medi ately dark blue / bl ack
in the presence of excess nitrite. If excess nitrite was present during the
addition, the addition rate was slowed to allow tinme for nitri /359 r eact
with the st e8Pt erial. The addition was conpl eted wi tPﬁ:inFtlgl
approximately 30 m nutes; excess nitrite should be present 10 m nutes after
the addition 10 is conpleted; if not}San additional 5 to 10 nol %
sodiumnitrite should be added. The diazoniumsalt m xture was stirred for
1 hour at approximately 5[err]C, after which any excess nitrite was
neutral ized using approximately 1 m of Eb.&g. W % aqueous sul fam c acid
solution. This di azonium s3 0 NBi Nt 3 . d_at_apn ont el y
O[err]C for the couEkample I(yillgdx)et oacet at e
(49.8 g, 0.35 nmol ) ,—+00—H :‘ O+ per—was added to
hl o Q:Ie pjat H)ls nmechani cal

a beaker at appr oxi matt| y lh[ eNpF’@z(=
stirring, thernoneter,gan NE ggfAZ0oN| UTIoR sol ution
ile nonitoring

1= NORORS R, Mg

was added 20 dr opwi $6 over a‘ror ox?{ﬁatefv 60 i nutes
tenperature (<10 [err]&) NHCOMe,lQmM*Mp regcti 891 was st72red at
appr OXI n‘at el y OC f \/I i 1 hAalr Thn \oul + nn ~ df‘e was

vacuum fil tered. The =¢QPI{1IE'ZI eﬁﬁ%&ﬂ[m I NI ﬁ'd fof 2¢%m nutes and

vacuum filtered. AT (Y H RYO] ENADT 2 011080 M nut es
was done to renopve res?du aci (? alttr?fd ég\{gvacuurnfl‘?ﬁered The dve was 25

d

transferred to a crystlal| ikum@(mEthRﬁnd))ﬁRbe(Men a vagsium pve™ The UV-Vis
spectrumin ethyl act at-e-rshowed—a—peak—at—3—bb—Hm-ang—gav et | nction
coefficient of 91 m/ 1 ﬁEXQﬁPBE‘@??R!—M"e 1 <hovv§ % he ary??’nydr azo dyes
synt hesi zed usi ng tﬁgéﬁ Tes 30 described 1 n Exanpl es
1-5 and gives the peak a sorptlo }%f@ﬁr]max) and extinction coefficents (a)

for these dyes. W98/ 14832

PCT/ EP97/ 05279 - 15- EXAMPLE 13

To a solution of 1.95 grams of polymethylvinylether-maleic anhydride in 27 ml of

5 ethyl lactate (EL) was added 0.15 grams of the dye from Example 4, 0.60 grams of
CYMEL® 303 (available from Cytec Industries Inc.), and 0.30 grams of p-
toluenesulfonic acid monohydrate (PTSA). The solution was filtered with 0.2 um PTFE

filter, spin coated on a 4™ silicon wafer to give an uniform coating, and baked on a hot

plate at 150 °C for 60 seconds. The coated wafers were then immersed in PGMEA and

10 EL for 20 seconds. After spin drying, no film dissolution was observed.

EXAMPLE 14
To a solution of 1.95 grams of polyacrylic acid in 30 ml of methanol and 30 ml of
EL was added 0.40 grams of the dye from Example 3, 0.30 grams of CYMEL® 303, and
15 0.20 grams of PTSA. The solution was filtered with 0.2 um PTFE filter, spin coated on
a 4” silicon wafer to give an uniform coating, and baked on a hot plate at 150°C for 60
seconds. The coated wafers were then immersed in PGMEA and EL for 20 seconds and
in AZ® 300 MIF developer (available from Hoechst Celanese Corporation, 70 Meister
Ave., Somerville, NJ 08876) for 40 seconds. After spin drying, no film dissolution was
20 observed.



Tabl'e 'l -.Exanpl e . Dye 2max (nm [err] (n1/g.L) 6

Rlerr]=NO[err], Rerr]= R[ err] = Me 370

Rlerr] = NJerr], Rerr]= OH Rerr]= M 38 1088

Rl err] = NHCOW err]= Rerr]-M 391 (.21‘ lffg[err] =
COOH, R er r [WREY/ ’é&] Rlerr]= M 371 144 18 "%ﬁé’?ﬁ’

Rlerr] = Oet, Rerr] = M 353 106 11 Rl err] = COCEt,

Rlerr] =0OX, Rerr]= M 355 -16/9 12 Rlerr]= H, R[err]:CEt,
Rerr]= M 375 82 X=CHerr]CH err]OCOC(CH err])CH err]
EXAMPLE 13 To a solution of 1.95 grans of pol ynethyl vinyl ether-nmaleic
anhydride in 27 m of 5 ethyl | aEEXAMPLEAS was added 0.15 grans of

the dye from Exanpl e 4, grams of CYMEL] err] 303 (avallable from Cytec
I ndustries Inc.), amaoolyeogp A 0grams of polyydroxystyseneccomethyl te) i

PTSA). The soky t E.FEH?L

f)n a Zl sili co% &gﬁﬂr to glée&%ﬁéa&%? %ﬂéo {h%d% e}gggnog@ﬁot O‘?{a
at 150C for 60C§’ME11:R1303 Tshﬂ &d&tgrdmwadfeIiMMﬁ-diahmphﬁmqmwﬂsulﬂoniE@@A ofnd
10 ' EL for con Af t SRi 0 dryi nqQ,f uti on was
obser ved EXAI\/F‘L rfzw sphensng The Sption s iiiedivt 0.3 B LS e, Sin baled 30

5. 0,30 grams SFLCvaREal v el AR °9**“@og'£°8“%$§%%5‘2“ ¢ PR IO €

sol uti on was f 60 temndk Whefeoated v{a&rs prereRfiibintndrsed rip PGMIBA and EBdfon20 secdiids
silicon wafer to A orm oat n n ed.on hot pl ate,at 50C
for 60 secondsa"drﬁbAgoa?@d t??h’@ﬁ ?mgﬁg@&s EIMW atjgn, {70,
seconds and i n\vh&' Ae, 3@Qvaﬁledq~neb9m) f‘oa\w beebhdd. T rAFter HORC Qi bamse
Corporation, 70 Meister Ave. Soner vi | NJ 08876) for 40 seconds. After

spin drid ng, ndissdlutioncyasobsenvedon was 20 observed. W08/ 14832
PCT/ EP97/ 05279

EXAMPLE 16

To a solution of 2.50 grams of poly(hydroxystyrene-co-methyl methacrylate) in

50 grams of PGMEA was added 2.0 grams of the dye from Example 11, 0.50 grams of

15 CYMEL? 303, and 0.10 grams of 2,1,4/2,1,5-diazonaphthoquinonesulfonic ester of
trihydroxybenzophenone. The solution was filtered with 0.2 um PTFE filter, spin coated

on a 4” silicon wafer to give an uniform coating, and baked on a hot plate at 150°C for

60 seconds. The coated wafers were then immersed in PGMEA and EL for 20 seconds

and in AZ® 300 MIF developer for 40 seconds. After spin drying, no film dissolution

20 was observed.

E LE 17
The sample solutions formulated in Examples 15 and 16 were tested for
lithography. Each sample was spin coated on 4” aluminum wafers and soft baked on a
25 . hot plate at 150°C for 60 seconds to achieve film thickness of 0.2 um (micrometers).
AZ® 7805 (available from Hoechst Celanese Corporation , AZ Photoresist Products
Division, 70 Meister Ave., Somerville, NJ 08876) was subsequently coated and baked at
90 °C for 90 seconds on these wafers to achieve resist thickness of 0.5 ym. A 47
aluminum wafer coated with 0.5 um AZ® 7805 is used as the reference. The coated
30 wafers were exposed on a NIKON® 0.54 NA i-line stepper with a NIKON® resolution
reticle which contained various sizes of lines and spaces (L/S) pattern from 2 to 0.2 pm



- '16- 'EXAMPLE 15 To a. solution of 2.50 grans of

pol y( hydr oxystyrene-co-net hyl methacrylate) in 50 grans of PGQVEA was added
2.5 grans of the dye from Exanple 5, 0.50 grams of CYMEL[err] 303, and 0.10
grans of 2,%,4/2 1. _5-di azonapht hoqui nonesul fonic ester of

trihydr oxyb@&%ﬂéﬁone. The solution was filtered with O. 2§F5’FP’T’M’H?FE
filter, spin coated on a 4" silicon wafer to give an uniformcoating, and
baked on a hot plate at 150[err]C for 60-$Eeconds. The coated wafers were
then i nmmersed in PGVEA and EL for 20 seconds and in AZ[err] 300 MF

devel oper (avail able from Hoechst Cel anese Corporation, 70 Meister Ave.,
Sonerville, NimitSééiprs). orA AGxBE erpubare dfrdyevas [printedr yx‘t rme mféri and fhién post

di ssol uti on was obse l?% ‘fr@ EXAI\/PLE 16 To a _sqlution of grams of

pol y( hydr oxysteFpesHes. kaked (RER) ona At platg at 140 anoséog‘re%%ﬁhp@me@\we&ﬂded

2.0 grans of gﬁ' lf‘qgiﬂl MAH

303, and 0. 10%&‘9 %&g&@i @Q& -d?eagtgﬁapﬂgtﬁor%fé]g‘nesulﬂl('ga%‘sﬁtber o#

t ri hydr oxybenziepdiepes fisr. 35Tsecornis lati 23 RS minirhum egpbsuret dose rétjuired td repfobinte
filter, _spin coated on.a 4" silicon wafer to %I ve an uniformcoatin and

baked of a hotthe-4¢m (micremeters) fipgpatismn g dhekaststepper fagus wantepertedasdhe daser e
Chen | e 520 . VY el AR B ACBRAL GO SO0

devel oper for terspin rylng, I'SSO ion 20

was observed. EXZhbleB Sémiiasy sftholithographic dmﬁ:rilwbﬂﬂoﬁia?ﬁirdﬂectﬁé&ggigg 15 and

16 were tested fgx-—-u—t-hegﬁ-pby-—z%cfb—sa# m num
waf ers and soft |{Bamele on PYS Phot 3# Bitign ﬁ@f*]c Uﬁfie“@gfseﬁonds

to achieve fil mjthickness|of 0.2 |i&lf m cr onet dslst 7805
(avail abl e fromjHoechst Cgl anese E:or p]grq’ati on, AZ igh‘zt or ési { rtoduct 3
Di vision, 70 Meilster- Ave. Sorrervi l1e, NJ 08876) \Was subseqnattﬁrhy cogt ed

and baked at 90 - Ul SOCU 1 UTT O le L U G.\.rl I CVC I CQI t
t hi ckness of O. Ex?g?ﬁ N%‘ al urulrpzum W M@ at 90€ ge\t rim

AZ[ err] 7805 is UBRampre 19¢Dye5er gaee- Np.3@aked [110 um WRGers wer¢
exposed on a NTHON O 54 NA 1 -Lind j NLKFN resqlution reficle
whi ch cont ai ned IE&amDiﬁs"G;iB!Sﬂ)f N82es a paces|O@ u®) pat|slight from2 to

0.2 [err]m

As shown in Table 2, the samples formulated in Examples 15 and 16 effectively
reduced resist phttem undercutting, which is an indication of better reflective notching
10 control. The samples also showed improved resolution and DOF over the reference,
AZ® 7305 on highly reflective aluminum substrate.
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-17- (mcroneters). A 15x21 exposure array was printed on the wafer and
t hen post exposure baked (PEB) on a hot plate at 110 [err]C for 60 seconds.
The exposed wafers thus produced were spray-puddl e devel ope ] ﬁé’ 8%
TMAH M F (nmeWA%B2{ ree) devel oper for 35 seconds at 23[erw i ni mum
exposure dose required to reproduce 5 the 0.4 [err]m (m croneters)

line pattern at the best stepper focus wasl8eported a.s_t-he——de%e-—-ro—prT‘nt
(DTP). The resist pattern was eval uated on a H TACHI [err -

2. Summary of the |ithographic data for the bottom ant““ ‘Egimmm ngs
Sanmpl e DY @1aims DTP Resol ution DOF (0.4 err])
[err]m1ines) resist pattern AZ[err] 7805 None 101 0. 38

[err]m 0.6 [err]m severe Exarrple 15 Dye 5 160 0. 36

[err]mlO[er rlm
06 Terrim o "y pgapirabEE SR Sqmpoabed oy ipltrotiosraphy, SAwHERE
Exanpl es 15 and) 16 gbblgnket;vel y reduced resist pattern undercutting, which
is an-indication of better yreflective notching 10 control. The

sanpl es al so shdued 2 MHPFARUUNEASHNELI%N and DOF over the reference, AZ[err]
7805 on highly reflective al um num substrate 1. An antireflective
coating conposition for use in photoli ﬁ‘ny, conpri-sing: a) a

pol ymer; b) a dye conprising a structur [err] where Alerr] and Alerr]
are independently CORerr] ,CN or CNZ R er ] is H ((err]-Cerr])alkyl,
(derr]-Cerr])al koxy, nitro, halide, cyanp, aryl, alkylaryl, alkenyl,

di cyanovinyl, SO[err]CFerr], COQZ, SO[ CQz, Qz, Nz[err], Sz,
SJerr] Zz,

R,

where A, and A; are independently an electronwithdrawing group,
R, is H, (C,-Cyo)alkyl, (Ci-Cso)alkoxy, nitro, halide, cyano, aryl, alkylaryl,
alkenyl, dicyanovinyl, SO,CF;, COOZ, SOsZ, COZ, OZ, NZ,, SZ, SO.Z,
NHCOZ or SO, NZy, where Z is H or (C;-Cio)alkyl,
Y is a conjugated moiety N=N, CW=CW, CW=N, or N=CW, where W is
H, (C,-Cio)atkyl or (C;-Cyg)alkoxy, and m = 1-5; and

c) a solvent.

2, An antireflective coating composition according to claim 1, wherein the dye
comprises a structure,
0 0
Ry R3
T

R
where R;-R; are independently H, (C,-Cq)alkyl, (C;-Cic)alkoxy, nitro, halide, cyano,

aryl, alkylaryl, alkenyl, dicyanovinyl, SO.CFs, COOZ, SOsZ, COZ, OZ, NZ,, SZ,
S0,Z, NHCOZ or SO; NZ,, where Z is H or (C,-Cjo)alkyl,
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NHCOZ or., SO err] NZ[ery], where Zis Hor ((err]-Cerr])alkyl, Yis a
conjugated noiety N=N, CWCW OCWN,~or N=CW where Wis H,

(derr]-Cerr])alkyl or (CJerr]-d qf ' =1-5; and c) a
sol vent selected fromthe group coﬂ{l}“ﬁm(l“{”“n:“mrhyl acet am de, di et hyl
formam de, diWRY¥MBZsy| foxi de, N nethylc pyrralidone, tetrahFGTEEAAAP,|

al cohol , propyl ene glycol nononethyl ether, propylene glycol nononethyl

et heracetate, ethyl |actate, heptanone, cydpepentanone, cycl ohexanone,
but yr ol act one. 2. An antireflective coating conposition according to
claim1l1, wherein the dye conprises a structure, [err] where Rerr]-Rerr]
are i ndependent |y Hy Gl ahibatsd Riolely RERY CW-CSVSCWENGATEEWA WHEEW i1 (Cr-
hal i de, cyano, aryl, alkylaryl, alKenyl, dicyanovinyl, SO[err]CF[err].
Co0z, SO err]z, COzCidatkylz[ErEClo)alkoRy, 28d] err]z, NHCOZ or SO[err]Nz[err],
where Z is H or (C[erL]l-SC[err])aI kyl . WO 98/ 14832

PCT/ EP97/ 05279 - 19V a conjugated noiety N=N, CWCW CWEN or N=CW
where Wis H, ((err]- (err])alkyl or (C(Jerr]-Cerr])al koxy, and nm=1-5. 3.
An antireflective conposjitjon accordipg to claim1,, wherein Alerr].  and
Alerr] are i ndébenddt pstireligciye eamposifind, aecording 19 glain dp oyhereiniAur pidafryare 4.
An antireflecti; gm; | | o wherein the polyner is
sel ected from a'xgetpoup coﬁgidgﬁhﬁ%%e@h%%oﬁeggddﬁl%lfymars of acryl ates,

am des, esters, ether, hydroxystryrene, imdes, nethacrylates, methyl vinyl

t her - mal ej dri de, t hyl t | kyl t
Vi nyl mcet at eo 4 and At AU CoBRER i sty S B ) PREPh e AT IS ok
. resins. 5. Aidleptll iffoftf & ol ¢OnsistiAP 0F hdrh6 and CoJfollintds dfoactylitbd)amidesytefets N

the polyner is selected froma group consisting of . . )
pol y( hydr oxyst yathsse hydroxystryiene,a ipigesa ragthackates, cinsthylc viayl gthgtrpaleic anhydride,

pol y(met hyl vi nyLehfithdsCitgreds) % Fhlkflénes, urethanes, vinyl acetates, and vinyl ether, phenolic

resins, epoxy resins, and navolak resins.

5. An antireflective .composition according to claim 1, wherein the polymer is
selected from a group consisting of poly(hydroxystyrene-methylmethacrylate),
polyacrylic acid and poly(methylvinylethermaleic anhydride).

6. The antireflective composition according to claim 1, wherein the solvent

comprises a mixture of organic solvents,

7. An antireflective composition according to claim 1, wherein the solvent is
selected from a group consisting of propylene glycol monomethyl ether, propylene glycol
monomethyl etheracetate, ethyl lactate, heptanone, cyclopentanone, cyclohexanone, and

gamma butyrolactone.

8. The antireflective composition according to claim 1, wherein the polymer is

present in the range of about 1% to about 30% by weight of the total solution.

9. The antireflective composition according to claim 1, wherein the dye is present in
the range of about 0.25% to about 20% by weight of the total solution.
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6...< The antireflective conposition—aeeerding to claim 1, wherein the
sol vent conprises a mxture of organie. solvents. 7. The antireflective
conposition according to claim1, tﬁ mwmnﬂﬂ, is present in the
range of about 1% to about 30% by * 7 Mw sol uti ol - The
antirefl ect W@9M88Bositi on according to clainl 1,3 wherein t B& @9’3%?55 pr esent
i n the range of about 0.25%to about 20% by wei ght of the total solution.
REPLACEMENT SHEET 1 FED 201 - 20 - 9. -20Fhe antireflective composition
according to claim 1, further conprising a crosslinking agent. 10. The
antireflective conposition according to claim1, further conprising an acid

and a crosslinkgng fgenhtirefcetive chitpoditidn 28édr@ing i te claiTnIQ Sukthen comprivin &g t 0
e

claim 10, further conprising a heat generated acid. 12. Th
antirefl ecti vecrosslipking egesh according to claim 11, wherein the acid is a

di azo napht hoqui none ester of a nulti hydroxybenzophenone. 13. The
antireflective conposition according to claim1l. wherein the netal ion

l evel is |ess ghan Theatirefeelive@ingosition accbéding tol¢lsinpl,ofurther cafmpirisingian geign

I mage on a substrate conprising the steps of: a) coating the substrate
with the antirand &eropsliakipgagsthg conposition of claim1, b) heating the
antireflective coating. c) coating a photoresist solution on top of the
antireflective coating, d) heating the photoresist coating to

subst anti al | y A2nov&he edtirefective campasition peeording:to claint bhtfurther comprisingradiesti se
exposi ng the photoresist coating, f) devel opi ng an i nmage using an
aqueous aIkaIiﬁQ“ﬁﬁ?i?% er, Q) optionally heating the substrate prior to
and after devel opnent.

13.  The antireflective composition according to claim 12, wherein the acid is a diazo

naphthoquinone ester of a multihydroxybenzophenone.

14.  The antireflective composition according to claim 1, wherein the metal ion level

is less than 50ppb each metal ion.

15.  The process of forming an image on a substrate comprising the steps of:

a) coating the substrate with the antireflective coating composition of claim 1,

b) heating the antireflective coating,

c) coating a photoresist solution on top of the antireflective coating,

d) heating the photoresist coating to substantially remove solvent from the
photoresist coating,

e) imagewise exposing the photoresist coating,

) developing an image using an aqueous alkaline developer,

g) optionally, heating the substrate prior to and after development,

h) dry etching the antireflective coating.

16.  The process of claim 15, wherein the photoresist solution comprises a novolak

resin, a photosensitive compound and a solvent.

17.  The process of claim 15, wherein the photoresist solution comprises a substituted

polyhydroxystyrene, a photoactive compound and a solvent.
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h) -. * 'dry etching the,antiyrefl ecttve coating.—15: The process of claim
14, wherein the photoresist sol ut i ovol ak resin, a

phot osensi tive conmpound and a sollmmmﬂp“"ll i g rocess of claim

14, wherein the hotoreS|st soluti on o | 3 bstitute

pol yhydr oxy QP82 5 phot oacti-ve conpound and a sol vent . q>cr_ SHOSE, £

The process of claim 14, wherein the photoresist solution conprises
pol yhydr oxystyrene, a photoactive conpoun@l-a dissolution inhibitor and a

sol vent. 18. The process of claim 14, wherein the heating tenperature for
the antireflective coating ranges from about 70[err]C to about 250[err]C.
19. The process of claim 14, wherein the devel oper is an agueous

solution of netal ion free al kaljne h¥dr0XId
18. The process of claim 15, wherein the photoresist solution comprises

polyhydroxystyrene, a photoactive compound, a dissolution inhibitor and a solvent.

19.  The process of claim 15, wherein the heating temperature for the antireflective

coating ranges from about 70°C to about 250°C.

20.  The process of claim 15, wherein the developer is an aqueous solution of metal

ion free alkaline hydroxide.
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