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FRACTI ONATEY? REFAPAK RESI N AND PHOTORESI ST

COVPOSI TI ON THEREFROM 5 BACKGROUND OF THE | NVENTI ON

The.present invention relates to a processlf‘or produci ng a fractionated
film form ng novol ak resin having consi stent nol ecul ar wei ght
(no substanti al depol ynmeri zation) and high Iithographic
performance in light sensitive DESCRIBII®ONt i ons, and for using such a
novol ak resin in light- sen5|t|ve composi tions. 10 The present

i nvention al so rel at ecERALTIONAKEIRINOYOL AN Ram Ly AN L ad) | i ght -
sensitive conposition usef ul as ¢ §I"I‘ @N‘pﬁ&ﬁ]& "R@mt oresist. Further,

t he present invention lel oll €S L0 d Process for coating substrates
with these |ight- sensitive conpositions, as well as the process

of coating, imaging and devel opin these light-sensitive m xtures
on such Ssubst rBﬁ@ﬁMMMesi st conpositions are used in
m crol it hography pragesses maki n I niaturd zed. el I C
conponents, such as R’ﬁ‘?n{ IWERHOn fefgtessP %BW&%??P bdcing 3 frag ‘%ﬁ‘é{"'gﬁ“%}m
integrated ci r%’r’n‘hﬁg fonsdie! de¥in  hBvihj © 86nsNt & € BfSoular Wﬁghtc@ﬁélﬁﬂ)s&fnnﬂl
film a photoresist conposition is first applied to a substrate
material, such dapoLymlenzamn) and high waﬂmgmphs:edpemnnaam ngn i digbyr sewsitive
circuits. The coated. substcrlgige i.s th por at e. an

S0l vent i n't he CHRBOBHALS 0 dORBHGE SPana YOIl 1A 8 Aihtaeneitvg SiRgStioRY
the subgfrate. Tmf?abéhmveaﬁ;neﬂsoswl&es% Phrdcls ﬁ:k’”?:%d@t@s&ﬁerﬁ?)&haﬁt%igﬁﬁt ed

to an ge-w se exposure to radiation.
radi ati on exposeusitiveaasmpositioh esefth|ast aaprsitmembnkmg |photdne5mxpd73md1er the
areas of the coated surface. Visible |i ul travi ol et

el ectron beam &hgFeBisInvention fséaﬁeawr%cnfa efﬂé Qg éu?s&@] 6‘11? ?‘Vﬁ%s“ght'
commonl y used fgdawe Ebn‘gﬂ&ft%k tROGEIRRY e process of coaﬂﬁ@cﬁﬁéﬁg -an@f deR1opiHgS

| mage-w se exposure, coat ed substrate Is treated W t
devel oper sol uth&salight—shnsxﬂubnm:tamsanesnnlwmlmmtwr t he radl atlon exposed or

t he unexp(i) areas of the coated aurfaae f. the substrate.

Novol akl% esins are fﬁ’é’éﬂf&ﬂf‘l FOmBRUIANT, A iser ¢ i geAlthagr Ry PEOIHIRS o f¥si st
30 for P | I g a
condensati on M %%gﬁ%é%&@gﬁx%@ %ﬁ%ﬁg%ﬁﬁ%ﬁgﬁg@& nor o

mul ti - substi t utchips ané mmtkgratedreitchits. 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 méking integrated circuits. The coated substrate is then baked to

20 evaporate any solvent in the photoresist composition and to fix the coating onto

the substrate. The baked 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

25 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 coated surface of the substrate.

Novolak resins are frequently used a polymeric binder in liquid photoresist

30 formulations. These resins are typically produced by conducting a condensation

reaction between formaldehyde and one or more multi-substituted phenols, in the
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presence SYO27A30 d catal yst, such as oxalic acid, maleic aBFEEP§IONWEE ei c
anhydri de. I n produci na sophi sti cated sem conduct or
devices, it has becone I ncreas¥ngly inportant to provide a film
form ng novol ak resin of superior quality in terns of dissolution
rate, better binding properties with a di azonapht hoqui none, 5 and
heat resi st aBffence of an acid catalyst, suchibﬁkﬂxcéhrc&i tnddeit YEi@ SoOhalpitGin® @ﬁdét
conposi tions, negative-working and @J)OSI tive-worki ng

negat i ve- wor ki ng [Iholpmwnﬁ mh@b@ﬂ@d oBRMige osdeyices, it as ’DW@QE—W se

to radi ation, the. afeas o e res gﬁ(\) osi tion eg posed.to t i

ol o o Dot esinale Rt B plvidecs, SR EaRng oue RERESE OF SSuflF qualith i ng
reaction 10 j,term o?‘&fsﬁfl%)mﬂ"?dté,%e&t‘é?bh'x@ﬁ%&%?&tﬁ%ﬂﬁx @Bxa&&?a RORRIRak St
coating remain relative sol ubl'e osuchasolutlo hus,

treat dent of awhmtpesﬂdnnegat i ve-wor ki ng resi st with a devel oper

causes renoval of .the non-exposed as of t hot or esi st.
coating and the crd&f§ 8t 5¥o EWW@Q%?PS%‘OFWQ&W@ﬁ‘@“&o‘éﬁgaﬂﬁe"“?ﬁwgbﬁd

UNCOVering apositive- e Sihes nBRiiive AorRing! IRARY bathPekitRsire Agosu f ace
on whi ch the pﬁé\{%?vgsrllngg W e corrposnlgtﬁhﬁ) was depggslte ) 6 Exposed
On the ot her ihagrewisehtn rpdxamdn vihe wineks o thboteerstesdostposniupoenmoisemstoat}m

exposed i mage-w se to radiati t hose areas of, the photoresjst conposition
exposed to t Fdistion kecone | ﬁfécseﬁ@lme e‘tﬂ?mréowom{egdemse NgJEAgH N
(e.g4 r | r

(opoa®h ¢ o) SHRGARUGHRBSch 6k SRSl o Gub 0S8R RS,

Thus, treat n‘easitzbleftoesnclemohmdnpd&:uk | tyeztment of an exposed h¢gagveh4tdrhrngsnesxtst wn t h
t he developer causes renoval of the exposed areas qf the ting
and the creaMitiina ffevglopssicayspe remaydl ¢ th%eomsmeéswges ebdhe dﬁlothgaﬁh a

d d ti &
Afoe;et thrd ﬁf“%‘n‘t@ﬁ?‘egg%ﬁé ?652916 #g'%nomﬁgé{?#{ (l%%ﬂn ﬁgy%t%g\gt%ég St%lgtrate

25 madediredt periondofMthd) undenlyisg rsabstraté Céiﬁm:esm wihich the phodsreBistgases
and the like. The etchant solution or plasma gases etch that
portildn of t Femppstion was daprsited he phot oresi st coating was

renoved during deyg Ql?gﬁp'fer hliH&’ Fhéf po Qilv% Q@} ﬁ%gsé]}%%r%ﬁxst com os%xo#hgxr e the

phot oresi st coati ng s remai’ns ar prote

pattern is ceggmised infageheiss ubstadition/makeei ﬁieay\/rbfcﬂlecphditeﬁdsﬁﬂdﬁmﬁpbsitft@l
phot omask 30 used for the inmge-w se_exposure of the radiation.
Later, the rE¥Rasadiig the dadiaden become more splublshin Hheedsvslonebaplutgn ide: e

renoved duri AShrAngLhbRPla S G Mhild BBt e not exposed remain relatively

20 insoluble to the developer solution. Thus, treatment of an exposed positive-
working photoresist with the developer causes removal of the exposed areas of the
coating and the creation of a positive image in the photoresist coating. Again, a
desired portion of the underlying substrate surface is uncovered.
After this development operation, the now partially unprotected substrate
25 may be treated with a substrate-etchant solution or plasma gases and the like. The
etchant solution or plasma gases etch that portion of the substrate where the
photoresist coating was removed during development. The areas of the substrate
where the photoresist coating still remains are protected and, thus, an etched
pattern is created in the substrate material which corresponds to the photomask
30 used for the image-wise exposure of the radiation. Later, the remaining areas of

the photoresist coating may be removed during a stripping operation, leaving a
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cl éan et chEQA%¥ R rate surface. In some i nstances, it is desﬁ?%/%ﬁ)gre%m'g%“heat

treat the remai ni ng photoresist3layer, after the devel opnent step
and before the etching step, to increase its adhesion to the
underlying substrate and its resistance to etching solutions. 5

Positive working photoresist conpositions are currently favored over

negati ve wor lldag atelsddssubstrateausface. hin Someninstayees rinlsl desirable thdieatetreat the

resol ution .. capabjljties_and pattern transfer characteristics.

Phot or esi st Fe%aINing Biptpeesigblay e aftgithe development;step %’}ﬁ’é?q?%@tt ?Sﬁ%ét%i ch
the resist c b, 10 NOtOLRS K resist to Lenhbe
subst 1 at o i (0 Aottty S8MlorE R MY uhd e CRRROIREH resttance to URHRD
devel opment . sblutisaey manufacturing applications today, resist resolution on
t he order of less than one mcron are necessary, In (g_géii tion, it

is al fost al ways Positive workings phateresist heampositionsy aleo sedeRtho fayared several |

profiles be near..vertical relativ e t .
demar cati ons "Sg?%eeﬁ” ‘H&?@I B‘Eésgst gﬁga‘{fﬁd%l\g/efogﬁl 0 & 8%@3#&%{%&{& re§8ﬁ1|ﬁon
resi st coati n@pibiRiéd BidepdtiehPtragsier eHabackaisties. "Photaraisefestlutibh§s defirlediagnge

onto the 15 substrate, ) DESCRI PTI ON OF THE PRI OR ART
I n the recentthy smalest featureakich skeresisy apmpesition samtreeser framiibe phatomaski n

Syt heti o 20 1o thE°Sit3fe B & nielf epiER of, FhRks Sfas dPlin' AOE PYRriDiG b
especj@l | y WhReldbffent. In mangtmgﬁﬂrs&mr{g%;smaﬁénsa@ddy,%g@d pesbludpd o 4B

tenperature is used, Rahman : " Rearr angenent of Novol ak
Resin", presartend ofitlessPhiEn canef miaran eire 1@oessarghadn raddition, it is almoshjalwage

Nat ure and Degree,o0 stitytiqgn,Patterns Jn vol aks by ..Carhon- 1

NMR Spect r os égwﬁ)’le b}agglgq]%eev&ij%ggpp re%ﬁfvgarl@feg%s%ggggr Y%‘%{éﬁﬁ‘é%% ®Svol ak
25 r eaabitbite. BudBOSMrcatiors KREh Ubdeloptidead Litdevelopedfss fthaci d
catal yst such as oxalic acid, maleic acid, p-toluene sul phonic
acid or any esistr cdatingitanshtelinte aiceurateopattern transfer g dhet m@sk irnage) Oftter theC.
Forngiédehyde iE slowy added and the m xture is heated at refl ux
for about 6 HYBTER®At the end of the condensation period, the reactor is
converted to distillation, and the tenperature is raised to about
200[err]C. At this 30 poi nt vacuumis slowy drawn, the tenperature
i s rai sed to RESCRIPPION/OF THE BREORART pressure is reduced to

bel ow about 20 mﬂﬂgtheAxtéchgt j&leha?s \{gér%tllxals Seexqagfgemggaencc] progress in novolak resin

synthesis and fractionation. It has been reported that under vigorous synthetic
20 conditions the structure of novolak resin changes, especially when high
concentration of acid catalyst and high temperature is used, Rahman et al,
“Rearrangement of Novolak Resin”, presented at SPIE conference, 1994; Khadim
et al “The Nature and Degree of Substitution Patterns in Novolaks by Carbon-13
NMR Spectroscopy”, presented at SPIE conference, 1993. In a typical novolak
25 reaction, a reactor is charged with phenolic compounds, an acid catalyst such as
oxalic acid, maleic acid, p-toluene sulphonic acid or any mineral acid, and heated to
about 95 to 100°C. Formaldehyde is slowly added and the mixture is heated at
reflux for about 6 hours. At the end of the condensation period, the reactor is
converted to distillation, and the temperature is raised to about 200°C. At this
30 point vacuum is slowly drawn, the temperature is raised to about 220°C, and the

pressure is reduced to below about 20 mm Hg. After the volatiles have been
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distill edg%(??rb,@”tl?ﬁoe vacuumis rel eased and the molten resin VP06 nd

allowed to cool. During the cgurse of the above resin synthesis
sequence, sanples were taken “af various tenperatures and

I nspected by GPC (Gel Perneation Chronotography). It was found
that there was a decrease of the weight average nol ecul ar weight (all 5
nol ecul ar weidgtitled aﬁ‘ethma’raghtlxmdyeaieuged amd émnoltémresinscmﬂsqzted iahd atlpwed to he

pol yne ecially_in the tepperature range between about
160- 190[err] copl. RAHRE %stcoarlse of theaabove resin in synt epls peuienes;, sprapies W tkeBn t he

Wbl ecular Vel gl DRUOA 988 RBePbermention Chiqmbiob&K).' ©

Conf er ence, € nolecul a

depol yner i zali wag fovad theitherd Ws\aedtcwahessthb Reeigh Qﬂ@dag@ nmanw Retigtér(all
extrenely 10 pure. |If the phenolic conpounds contain a trace anount

of a Bew s Bayéecuéamﬂexalﬁs are weight averggaunlessgrthervassespecifiednef Beupalymerei ght

decrease durin stlllat ro t observed. In
08 Chatent . Riprelaly st lemp bl a8 bERFert SBaytd ogeio0ng ¢ Koinafipd o “ihe
subj ect appl PR QFIL&OQ Bdﬁé?éxﬁ)ﬂi@ﬁ&@ecﬁﬁf Wﬁﬁoﬁﬁ&@&ﬁ@R@mﬁ’n kéEEﬁt@H%'
process is di scl osed to control nol ecul ar wei ght (avoid

subst anti al Edipmh%eﬂoz&mmn) bS)9415 The malgcuist i mgighhe dacreaset (lartiabwi s
Base in the ol i ¢ conpounds hef after e condensation
Concti on 1t ORSATIESZATORLR Rat ST PTE e Ahenp e ETBRP YRS BB SRR o
phenglgi ¢ CO”BG#H”'dEth@ RhofP chRBosnts AR 4 BatdamPuittdfla 'I?éﬁ?'ﬁasﬁ%’cﬂ%s

sol vent raction process, to renove netal ions e m nor
anmount of Lew!rstrmmebqse ethe molecular wexght deaeeas@ Huning thendigdlatitn proaess vas

b f th t | ' tially 20 .
epol yner | 7eHOUBRERGH: 18 U ERER NP: o6 16 Shebamedio Hrsame assigisertifes o
the gubjgﬁ%b}iﬁﬁfohzﬁﬂ 15@ Brat P REeh ?eférgn&e qgﬁ%é\%'a , proBgksiik vas

not usef ul 5| st conposi tions. robl'em can be
subst anti al I disalosedi¢d ctvptmﬂjmxﬂt‘.cu@* weight (avoid substahtial edepolyniezizatiorDaby

befor,e or aft the condensa ovol ak resjn
manufact ur | n@ab‘? 06 Fmpant of L&wis HalB i them%ee@wwngﬁ %ef%?remer the
appl i cation defbatldd re@onSR4vas’d %}d?&e@ that durin the pdﬁ'ﬁ‘.ﬁﬁ@?ﬁxgggss of sgf
aSS|gned to the sane assignee as the subject appli‘cation a

i ncor por at ed phenodicncdmpauatie usingesn &om ethamgaedespr, alistdlatiors atiddord assatvénor
i solating a novol ak resin Elerrper ature | ?ss t han about
140[err] C byeﬁ?%’ﬁnéﬁ%‘iﬁ?sftaé%mwﬁ@é ’°n5 the minof3racht @t Lep1y Basegrresedt avoi d

hi gh tenper aWAE %lsﬁq‘% &g&firD fie alBgeﬁf'EE fisel fAE nﬁgqlak resin &zﬁ? ggmaﬁﬁah man

et aI "lsolation o vol a eSI n at errper ature presen
at SRDE Conf demoiymeriZddiiring| the manknt’mmnrtgh&bcessf iThe ﬁmmngopeumkaifthesi n

(I;aC'rI]'/ EI%Q 7/ 070 ggtaolymer\ll\zlt)adg13'3e/512n7 %:l?x’a(.)nged due to degradation, and it was not useful for
photoresist compositions. This problem can be substantially avoided by adjusting
the level of Lewis Base before or after the condensation step of the novolak resin
manufacturing process.

25 In copending U.S. patent application Serial No. 366,634, filed on
December 30,. 1994, assigned to the same assignee as the subject application and
incorporated herein by reference, an improved process is disclosed for isolating a
novolak resin at a temperature less than about 140°C by using subsurface forced
steam distillation to avoid high temperature molecular weight breakdown of the

30 resin. (Rahman et al, “Isolation of Novolak Resin at Low Temperature”, presented

at SPIE Conference, 1996). It is known that a film forming novolak resin can be



- 5- made by the condensation reaction of a m xture of phenolic
nononmers W al dehyde source. Such novol ak regsi Si s
processes%é gm%iq%%l osed in U S Pat ent No. 5, 346?@3@:??*{%98

i ncorporated herein by reference. 5 SUMVARY OF THE | NVENTI ON

The present novol ak resin synthesis proc’e%'s | sol ates novol ak resin
fractions fromthe phenol formal dehyde condensati on product

wi t hout multiple high tenperature distillations, which can | ead
to partial depsieybethe abndensationt feactiviy 6f akmixture of phenolice fiohomend evithadri on
pol ymer. This can be acconplished by dissolving the novolak 10 resin
in a water scidgbyde spymeai Syl aevalal vesin synshesis pEpcaeses @ffe disclosed in U.S.

di et hyl f or ., d . s et hyl | de, tetrahydrofuran
(TH), et hy%"“&Ny%&’“&”a%écggﬁr“-egéggeﬁ‘ﬁ{y%%’fe%g al kyl al cohol, such

as et hanol, propanol or, preferably, nethanol. Water, preferably

deioni zed (D) water, is also added, preferably at a ratio of water sol uble
or ganix UMMARY OF EHEJNMENEION of from 1:10 to 10:1; thereby
precipitating the ,povol ak resi.n 15. . condensation product.. .The

Fermai i ng. sout i ot HEPTeREH nEapak Aesnsthssis TGS isoles Vol Egin Sfactions such
as by suctiofyfh the PhEAGNEtthafichydd) conBBRatibn IproRhict! Watholih) hillitiple high

cont ai ns unreacted p?gg}(i)kﬂs, I gwen%l eculnar wel gﬁg novol akor esl n,l.p(fné“%sel ess
nmonomer s and teinpegatare slistiflatiarse whivhalan keadaei partial dep@imeriztian of sltkipololak
preferably . WL.th stirri addi ti onal .wat.er sol ubl e organi,¢ pol ar
Sol vent and VitiBconsnsiiempplymst This cin g acgampisher by, Ssoliing the AVplgler

sol ubjee Or gankgn HPh Fat&OdoNil o¥RLR! pdidt! dobvedi, shich 9s h&tone, dime:m(xforﬁﬁh&d The
novol ak resin again precipitates and the remai ning | ow nol ecul ar wel ght

resi n, phenol(®PME))dimethyboifoxidentttrabydrofiran {THY),i ethylare ghwal of ragCsel @f i on
The repapnj ng .solution is separated, ,such as suctio by

si phoni ng of fallf%éﬁ%hot Sulch as eth"éwgiﬂfPP@’ S AP Fﬁbfyfﬁkcthﬁnﬁﬁ%%(ﬂﬁéfaﬁki ght

novol ak resi rﬂeﬂfn%gﬁglznﬁténs LAen, db Prefe,-_abgiail%oﬂai’iﬁ%fi&ht@r m@gﬁ@ %ir&l

solvent, and any r I ng Wwater an gani c” pol ar ent are
renoved, suclpokar sojvest:siatdr|oftfram 1210 too®0:1 e therehy prexipitating theanonvoiak resin

The phot oresi st sol yent y conprise pr.opyl ene glycol nethyl ether

acet at¥e, 3- WHQWﬂgQ%P@PC%Ufg‘ho‘Ie,mW?&I 10 yﬁoﬁ‘e%%ﬁ{ﬁﬁ?i I gl]‘é*E“héI"%

et hyl ene S| I I Let

et hgr , ethyl é’ rﬁ%cxg’ltai;cg’o%%goasw%mm%oei] E{}/)flogiﬁgry g‘%&? glgjé? rfggtk ﬂgﬁ@gglg%ﬂycol

nononet hyl acehtdss, unmabtet pliengls, Hewomelecular weight aovalak resin, and useless

nonooxynonocar boxylic acid ester uch as_ nethyl oxyacet at eth
VO 98/ )2/7130 monoxXers ang oligomers. To axe novofa in’ preciptt y}erably

k resin’ precipitate are agded, pre
PCT/ EP97/ 070%6ith stirring

additional water soluble organic polar solvent and water, p'reéfably

20 DI water, preferably at a water soluble organic polar solvent:water ratio of 1:10 to
10:1. The novolak resin again precipitates and the remaining low molecular weight
resin, phenols, and oligomers and monomers stay in the remaining solution The
remaining solution is separated, such as by suction or by siphoning off the
remaining solution. The high molecular weight novolak resin precipitate is then

25 dissolved in a photoresist solvent, and any remaining water and organic polar
solvent are removed, such as by distillation at low temperature under vacuum.

The photoresist solvent may comprise propylene glycol methyl ether
acetate, 3-methoxy-3-methyl butanol, ethylene glycol monomethyl ether, ethylene
glycol monoethyl ether, diethylene glycol monoethyl ether, ethylene glycol

30 monoethyl ether acetate, ethylene glycol monomethyl acetate, methyl ethyl ketone

or a monooxymonocarboxylic acid ester, such as methyl oxyacetate, ethyl



oxyacetate, butyl oxyacetate, nethyl nethoxyacetate, ethyl nethoxyacetate,

but yl nmet hoxyacet ate, nethyl ethoxyactetate, eth
et hoxyaceYVéves/”é%unoxy et hyl propi onate, nethyl ¥%WS?7(%P%nat e,
et hyl 3-oxypropionate, nethyl 3- met hoxypr opi onat e, et hyl

3- met hoxypr opi onate, nethyl 2-oxypropi ondt e, ethyl 2- 5
oxypropi onate, ethyl 2-hydroxypropionate (ethyl lactate), ethyl 3-
hydr oxypr opi onat e, propyl 2-oxypropionate, mnethyl 2-ethoxypropionate, or

pr opyl oxyace?ataebditgwkyxgmceqa'ta) madtkyl methokyacetarss edfyl arthaxyacetate, bidtyk hese
sol vents. present invention relates to E proc ss for
per f or mi ng a“?‘?tmaﬁﬁ&ﬁ 0|*im‘(§ll’yl ethoxyactetate, | khoxyasetate,o netRerdht PIOK

product to prg gﬁaté ikt Orinoggpfagmh@r Veﬁ@égp%g ro 1onat$%‘”n§h@h g

I|thograph|c orn’ance in 11g nsi e 1 nvention

also rel ates mah@cy}pﬁ@;ﬁeﬁa&efahylps-ﬁwamygro@xmo&, Qﬂaﬁylsz oﬁﬁpmpsniteoahyl 2-
contai ning such a novol ak resin. The invention further relates to

a prodess fopxmpr@@matﬁg ethyl 2- hyéecmymm@r el celpctatedng ethwh  3-
phot or esi sts cgrnt ain %? uch a govo ak . [es hot or esi St

sol vent (s), oY @roxypEopionats, thethyl 2- ethﬁﬁ%gwemenar RSP ak

resins havi nQ-RethoR§ 'p?é;ﬁ@ﬁat@ﬂr&ﬁﬁ&tﬁés dRr2Yr théh@ of these solvent§Ubst ant i al
depol yneri zation) and high l'ithographic performance nmay be obt ai ned

by condensi ng f or r?ahmhmmv&ntlwrgrdatwew prosessdioe | pesformingzd fractiopatipn of one

or henol i ¢ ounds h as creso 2. 4- and
2. 5. o REQHBY ROTBIfCROr AL PepdtBY 101 B ReiGI & TR forRing SOVl Fesh

2,3, 5 rinet Mﬁﬂ@%@ilﬂthﬁéﬁé&:ﬂﬁ p%rf%?rhé{nc'e(?ﬂ\/hgﬁ-sensmve c&ﬁﬂ@ém&Ts TRE Rlvehtidhs. The
condensat ion reaction is preférably carried out in presence

of -an aci d calsalrghtes tsmproagssdnapnoduaogd photdresist mmﬁltmlcemmmm;@hme p-
t ol uene sulphon acid or sulfur rocess of

the present HVEAE SFF% rg\?oll%‘f?n '8‘§| ﬁxrﬂ-xg%ﬁ:éatgs Vi \p process B ] @6?\ “UNeent

mol ecul ar we 'sgxmco%&&oﬁ ‘d@@i’bb@ bsihg (010 pRBINEsiNE 'chAfalBLE SudhNa RIBObRKGREIAL 25
conpositions is obtained. The présent Invention provides a process for

produci ng a photoresist sohient(s)k endvarpgotmensitmrrem n, which process conprises:
) dfiondensing (igacing) Lorml debhde it om0 R RReNOLLE oo ooy
S ey i) S S i
preferably DIby condensing formaldehydmheving taoverfidonolestlaéf metal ionsewithiwre or
mxture, at 2 orr(;j:lt Ip egghéNa E:gr;xpgv.?r{ sbI such as m-cresol, p-cresol, 2,4- and 2,5-
dimethylphenol, 3,5-dimethylphenol, or 2,3,5-trimethylphenol, having a very low
20 level of metal ions. The condensation reaction is preferably carried out in the
presence of an acid catalyst, such as oxalic acid, maleic acid, maleic anhydride, p-
toluene sulphonic acid or sulfuric acid.
In the process of the present invention a novolak resin having a very
consistent molecular weight with superior lithographic performance in photoresist
25 compositions is obtained. The present invention provides a process for producing a
film forming novolak resin, which process comprises:
a) condensing (reacting) formaldehyde with one or more phenolic compounds,
in the presence of an acid catalyst and thereby producing a novolak resin
polymeric condensation product;

30 b) adding a water soluble organic polar solvent and water, preferably DI

water, to the novolak resin reaction mixture, at a ratio of water soluble



organi c polar solvent:water of 1:10 to 10:1, preferably 2:8 to 8:2, nore
preferably 3:7,%0 7:3 and nost preferably 4:6 to 6:4, and there/l%%
precipitat mgq @3hovol ak resin pol ymeri ¢ condensati on produgi:',r RHOT0R& N
renovi ng, such ! 1 by suctipn, the remaining solution of 5
step b), which £d& gesl o ijon of unr‘eacted phenolic conpounds, |ow
nol ecul ar wei gh novdieikAREE 1, d usel ess nononer and ol i goners;

c) addi ng a €7 sol ubl e organi c pol ar solvent and water to the noval ak
resin organic polacispiveat- watet oft 6p0 bp,10: 1y prieferatdy i208 06 BaRt miore

sol ubl e organic pol ar.solvent: water . ratig of 1:10 to

10: 1, preferably 2:%3@@%@: %* nGr é:{)raé’pelx%flﬁt yprefepably 4:63t0 a%& 1‘8‘]5 thereby

nost preferably 4: : ' ED) I M ol in
pol yneric condensatepir(e)‘%lip %artigxgu%\? ,q{ogﬁ ?%ghrl}oynrgﬁoggéﬁghﬁmggﬁ 898 éggﬁttlﬁﬁg

or by suction, the remowingj suchsad by idecantihgsdrelpy sdctionhithe remaining ssdution of
solutiog ,%f | ow, nol ecul ar wei ght novol ak resin, and

novol alg] monomer andtep b), which comprises a sglupeg,qé’pggeaggd phenolic ggmpoungisslowt vi ng
t he novol ak resin | Gas tJ r recipitatq.in .

a photoresist sol vgﬁélxglﬁ% \?ﬁé@&ﬂ{?& fa%rﬁ%ﬁﬂg&gq%gﬁ lgﬁ @Sﬁ&’?ﬂhéenﬁd cslé%‘\ﬁr%g any

remai ni ng wat &) andcddimiges wacdrusoluble begunicc polar 8slvest! MfNivater 6 thd Sreliining
distilling the solutjon of novol ak resin polyneric condensation product
under vacuum and | SRUSRIHESEEPPein tbﬁaatt%@ff*@mr pelubla organicpolar solventiwater, 20
fracti onated novol gk,. i l,HE4i QD ) . Th esent

i nvention further 31‘5%‘\;/:35%‘20386?'0%@@%?‘*’?‘6‘? 2p§ elite Hborgp&%griaﬁy\%’ﬁo 9'3’ and
phot orlési st conposindst préferablygs SURE 6140 ithdrebyh agdia itk SipRAigOthetnsiRlakl R&in
subj ect process conpri ses: a) .condensi ng )

f or mal dehyde wit h demaricreandensation pradush rasd ther rerovingssugh as by decanting

presence of an aci talyst .,and thereb roduci ng, a ,navol ak .resin, ..
condensat i on produé:%tr?i)g st o regjaimng 5%85? ogﬁs\%g&w}g GRFPRAIYS Fasaletigho) ar
sol vent and water, ofr Rfvermélesul® weight novolak resin, MR @ovolkR hidRoRRY OhfK
resin reaction mxture, at a ratio of water sol uble

organi ¢ pol ar sol veligomasser of 1:10 to 10: 1, preferably 2:8 to 8:2, nore 30
preferably 3: 7to 7 a nost ef erab 4.6 tq 6:4, thereb .. .

preci pllgt ati ngzl) dis%blv.m@C&he nov?lﬁ% TRV 8 P%epgscloﬁgfﬁﬁ}% 2 %{“Ebﬁfﬁé?fpé@fq Bhn
product, and then repiytomsist 61¢éht and thereby forming A6DIAR6 7¢4hdR removing any
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remaining water and water soluble organic polar solvent, such as by
distilling the solution of novolak resin polymeric condensation product
under vacuum and low temperature, and thereby producing a film forming,
20 fractionated novolak resin solution.
The present invention further provides a process for producing a positive
photoresist composition having superior lithographic performance. The subject

process comprises:

a) condensing formaldehyde with one or more phenolic compounds, in the

25 presénce of an acid catalyst and thereby producing a novolak resin
condensation product;

b) adding a water soluble organic polar solvent and water, preferably DI

water, to the novolak resin reaction mixture, at a ratio of water soluble
organic polar solvent:water of 1:10 to 10:1, preferably 2:8 to 8:2, more
30 preferably 3.7 to 7:3, and most preferably 4:6 to 6:4, thereby precipitating

the novolak resin polymeric condensation product, and then removing, such
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as by decanting or by suction, the remaining solution of b), mhich
conpri ses n of unreacted phenolic conpounds, | ow nolecu
wei ght novgYVg)l%J &gg’% P TSR E5 ks peFNIlak nononer and ol i gor'ﬂs-]?gwm’g7’07056

c) addi ng a water s'H‘I“ o) ic pal ar solvent and water to the noval ak
resin 5 DECIIFt e b') “in the ratio of water soluble
organi ¢ pol ar sol vent™™at er of 1: 10 to 10: 1,

preferably 2:8 to 8:2, nore preferably 3:7 to 7:3, and nopst

preferably 4:6 to 6is4byadetahtisy edry bpoqiction) ehe [reimatningg sblucionowdItgk wiish n
pol ymeric condensatlon product, ;and then repovin such as_ by decanting

or by suction, the GOMR{ISAY mgs@aum |0§rPT5Pa%Q<b[Ph§1}° lwp@aow&mﬁmyem&cular

sol ution 10 weight novoiak rédin nﬂaq'ndeh 513?{ %c}%o}é@ﬁmﬂ&%&] A Jh%%r[& .and

novol ak nononer and

di ssol ving t hQ:%nOVOAcﬂﬁhg’ £ SrdtePUIBIB rdr%‘a:ﬁ@ @daassaweaﬂ aid Qfhitrt tPfiRClepidighe Of
step c) in a photoresist solvent and thereby formng a solution, then

renovi iy any remai mohglmmfestepawdxm\témeamsof wotes sohlgmrgaxpglpalarssolveemwtew
such as by distilli lLuti k resin ond i on
product under vacmﬂ%glam?‘? i@lt 8‘??%@?@!’&% gﬁdn}%%P'éﬂS% Wﬁ&?ﬁ $
formng, fractionatlgdrpmrelsad tb &S NamP therk agail Gprecipitating the dvolak resin
providing an adm xture of? 1) a phot osensi t'i vé conmpohent 1n an anount

sufficient to phot qmiymemo zm@n;ﬂmnq:reém@,t ambtheogemovng, Sﬂ)chtaseb)f decanfing i ng
20 novql ak r.esin sol ution fromstep e); addi tional
phot or esi st sol vent°rc{’y suction, the remaining sgfiiop 2 ?Bfif HPWF “%P“ﬁf'ﬁ)‘f seluup

CONMpOsjg i on. of low molecula;fh\%elgﬁe/%vbm fredid hgﬁd pﬁm‘&e%ﬂ&dﬁrhgﬂdfor
produm ng a sem conduct devi ce by produci ng a photo-image on a
substrate by coati mgxmnmtabl e substrate W th a p05| t | ve

wor ki ng phot or gsi st co osi,tion., The ,subj ect. process .co ses a)
condensi ng for‘ﬁal de‘HW the nayQlakresip ‘F?’@EB@HBBEE&“ |p|’ie"t‘?1‘éate of
presence of an aci | 4S p férady &

pol ymeric condensafkl ?%rgdﬁgﬁ@&e&wgawm ?ﬂ’dﬂl{ rgg)( naﬂ%ﬁ&ﬁ?&d@fﬂ

organi ¢ pol ar sol vememozing awt eamamngfmtablayd DBlater soluble organic polar \salvent, to

t he noyol ak resin reactl ure, f water sol uble
or gani £ pol ar sol vesf‘\‘P WRdt rfin%}ﬁﬁqs s 5 “"1‘6‘9 nBY‘gFléF%Sb‘WOIZ"E“Fd’% onsafigR e

grgeg i[\lalzj 5%13 7 10 T5r3dAA RS badiuf! PRV ténfrittrd afd th&Bsly pRERSRY a film

forming, fractionated novolak resin solution; and
e) providing an admixture of: 1) a photosensitive component in an amount

sufficient to photosensitize a photoresist composition; 2) the film forming

20 novolak resin solution from step e); and 3) additional photoresist solvent,-
and thereby forming a photoresist composition.

The invention further provides a method for producing a semiconductor
device by producing a photo-image on a substrate by coating a suitable substrate
with a positive working photoresist composition. The subject process comprises:

25 a) condensing formaldehyde with one or more phenolic compounds, in the
presence of an acid catalyst, and thereby producing a novolak resin
polymeric condensation product;

b) adding a water soluble organic polar solvent and water, preferably DI
water, to the novolak resin reaction mixture, at a ratio of water soluble

30 organic polar solvent:water of 1:10 to 10:1, preferably 2:8 to 8:2, more
preferably 3:7 to 7:3 and most preferably 4:6 to 6:4, and thereby
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precipitating the novol ak_resi-m pol ymeri ¢ condensation product, and then

renovi ng, sucheas;tg}'/ftg'@?@t 4t or by suctgion, the remaining solution of
step b), whic 'icibh'p",,i“, -y sol utyi on of unreacted phenolic conpounds, |ow
ht no{fgiggwg' ,

-nol ecul ar wei “and usel ess nononer and ol igoners; 5

c) addi ng a®®&t eér  sol ubl e organi c pol ar solvent and, water to the noval ak
resin precipitatingithe mavalakresin pplppeng pondeasation; proguctyand then| ubl e

organi c pol ar sol yent :.wat : rati o = 10- t 0, :
preferably 2:8 tor%?é‘,”}qgo%hparse?%rd 5 %nflmg:of tt):’(') s“}c:qg?,m éﬁ% rémglgm% sojngxo]n of

nost preferably 4spty), @hith conthrisbes abitian dif npeacteidpHeadlid Gorhpourey vk
resin pol ymeri c condensation product, and then renoving,
such as by decant mejecblrr weight novolak resiprangyuseigss mgpomenand eligomersig sol uti on

vei gt novel B T oSiRE aare AT REHBIfcPolaR golvent and water o thR'FefrgieT.
d)  dissolving hatiBREsRY v)Einithe PRSI Riater §6lﬂ§‘1@ﬂ§§idi@?oﬁf Q8tvert:-water
precipitate of step ¢) in a photoresist solvent, then

p
renmovi ng any renaratinof Wad0do 18nld préferably 2:8 to 8:2, monggpreferahdy 315 w0 Bdgamd c
pol ar sol vent, such as istilling t sol ution of, the .
Povol ak oot pol TSt Pretaiiy e bdnats Ty AsarcuRLti thh dorolak resin

t enperature, and is ] f-racky t k
reg})n 20l Ut on: bBI%H%% dUng)kak‘ahGﬂ Poduct MndOhEh ?Qmovxﬁg, éd&g:% fh)‘yd%&‘il}(%é‘

provi di ng an adm xtufe
phot @8ensi ti ve coopbpeuttidm tlenrearaining sélGtion of step c), which cempfisesi &sdlutian

phot osensitize a photoresist conpqsjtion; 2) the fi]mformng
Povo sk Test n f LoBf sieeh mgleculay I8kt dryela aFesﬁho%'HJr dvelaks ginomer ah

t hereby form ng aoggﬁﬁﬁ{sesi st conposition; f) coating a
sui tabl e substrate th the photoresist conposition of step e);
9) heat tdpati digsélvingatheedolakiivedin pblymeticsdorgdedsptiom produsti pedcipitateabl y al |

of the 25 ] ghgtoreslst solvent is renoved; ipgRge-w se
exposi ng t he phot 8&BrY; iy 4 Photoresist solvent, then repgkingany; 5/m PR AR t he

i mag ?E}Mese exposeq,a%r%ﬁlbg% oxg%ﬁ% cFuoeladrussolxéePk aslu|dr11 as by dRIR@SthE 'sOftidh OF the

suita devel oper, suc
devel oper, Opti onabVglaknesimapolsineric peyntensation bprodug  ofidérheactubs tandt ow
eR:E}:.EiEE:VEm&E-}d isa};gr%len?fefrgtru?e,Oarndatfhtexeerbytpr}%dl.rxc?mng\g Hl%l ér?rﬁhg,?’ actionated novolak
resin solution;
e) providing an admixture of: 1) a photosensitive component in an amount
20 sufficient to photosensitize a photoresist composition; 2) the film forming
novolak resin from step d); and 3) additional photoresist solvent, and
thereby forming a photoresist composition;
f) coating a suitable substrate with the photoresist composition of step e);
g) heat treating the coated substrate of step f) until substantially all of the
25 phot'oresist solvent is removed; image-wise exposing the photosensitive
composition and removing the image-wise exposed areas of such
composition with a suitable developer, such as an aqueous alkaline
developer. Optionally one may also perform a baking of the substrate

either immediately before or after the removing step.
30
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DESCRI PTI OW@#8/3HB0 PREFERRED EMBODI MENTS NoVeT/ERY7¥85a s
have been commonly used in the art of photoresist manuf act ure as

exenplified by "Chemi stry and Applicationllof Phenolic Resins",
Knop A. And Scheib, W; Springer Verlag, New York, 1979 in Chapter 4. 5
Simlarly, o-quinone diazides are well known to the skilled artisan as

demonstrat ed prgcRIPTION OF'FEE PREFERHEN EVBOANEENT OSAr, J. 5 John Wil ey
& Sons, New YO'%T%—“’WW the instant

i nventi on has foundNdvokik tresinsuhevefbeparcdnwubnaly used in the artséfhphotootsisted
wi thout high tenperature distjllatiqn, as oppgsed to.tho t aught, in

the pri o ot MAPREASREE S AxEReIBRE Y SChRRPIIAR. SOPLGHDR G RGNS Besny
depth of 10 fo : : . . N hNQGlgedl &N he
phot or esi st C(:g(rlrl]:? sﬁf i%@ S&Pe‘Phybr%ps%nﬁer Verlag,p N&ﬂ?%?;’gh%%g ?‘ngﬁé}gf 4

col oramts, dy&milaty, o-@lifior! digdideagesivell khewrlto nlg: sigitadt Stisanl Asdenminzeated
adhesi on pronoters, speed enhancers, solvents and such surfactants as

non-i oni ¢ by "LightsYensiive SystemsinKerarmdy Jobn et & dorshdVew| Yerked 985

novol ak resin itz . . . et |
conposition i sC h%ﬁ%? e7td4 'oﬁoﬁ;‘{gé l]}gesfnrsgafné.m‘%ﬁgér{rrgpgéssﬁ%}‘g that the ugg%g%éﬁ%gl&t i ves
that may be ugeghsissletedaxithifut highhempbatae eistiihtion e @ppbdedntd thbsel tadght in
present invention include Methyl Violet 2B (C. 1. Ng. 42535), Crystal Violet

(C.1. the prigeBit, predugeniat photprssint haying angperonpPlution cangr deptisiafe B
(C1I. . 440 5% and Neutral Red (C. 1. No. 50040) at one to ten
per cent” wei gh O¢%8vel s, based on the 20 conbi ned wei ght of novol ak

and sensitizer. Thoptibral dagheiienes fdretie Photorekist 'com¥ositionsi Bf rth@spebsent
resolution by inhibiting back scattering of light off the substrate.
Anti-striati omnvegten inchide colorantadlyss, anhi-stoationagents, kevelingagerisnplastisizens,

| evel , based on the caonbined weight of .noyol i t.i zer.
Pl \altst i ci zers MFW@B&P%"QW’ Speed enha &0 sb%‘t‘ﬁtﬁc?@fi sl!"\éf?) s@?%\%%ﬁ%,sﬁp%égl ﬁlori c
aci d tri-(bet gnghdinteSihith)m8sbEaddéd BRtHeCsohttich ofRovolak resirflisemditifeerand

pol ypropyl ene; acetal resins;” phenoxy resins; and al kyl resins, at about
one tolXen persclyant hefprgithe phatotesist pempatition is heated pplorresubsirightExamplrs\adl ak

and ensitd zern.  The .pl asticizer addifiyv | oat j:ng
properties of dg'ﬁéﬁﬂ%‘tvgsf fhgf may e ed 16 %{gerewgﬁlﬂtée Pﬁ%ogggf ?éélglP %)%ﬁorg 81;%% | m
that is snoot hrevest MbentitnliRElITNE MetlyoFidlet 2BHTEL. No. 42535), Grylal Vadler (GD
Adhesi on pronoters which may be used include, for exa_rH)Iéq%g bet aééB 4-

| -

epoxy- cycl oheXgs§S)eMalachiterrernGdi Nané2009).¥ictgria Blus Net #§945) and
methacryl ate; Neutral Red (C.I. No. 50040) at one to ten percent weight levels, based on the

20 combined weight of novolak and sensitizer. The dye additives help provide
increased resolution by inhibiting back scattering of light off the substrate.
Aanti-striation agents may be used at up to about a five percent weight level,
based on the combined weight of novolak and sensitizer. Plasticizers which may be
used include, for example, phosphoric acid tri-(beta-chloroethyl)-ester; stearic acid;
25 dicamphor; bolypropylene; acetal resins; phenoxy resins; and alkyl resins, at about
one to ten percent weight levels, based on the combined weight of novolak and
sensitizer. The plasticizer additives improve the coating properties of the material
and enable the application of a film that is smooth and of uniform thickness to the
substrate.
30 Adhesion promoters which may be used include, for example, beta-(3,4-

epoxy-cyclohexyl)-ethyltrimethoxysilane; p-methyl-disilane-methyl methacrylate;
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vinyl trichl ortl)zs7|1:70ane; and gamra- am no- propyl triethoxysil anS(,:T/&P?@]]gﬁoout
a4 percent weight |evel, based_on the conbined wei ght of

novol ak and sensiti zer. Devel ddrlre'nt speed enhancers that may be
used include, for exanple, picric acid, ' ni cotinic acid or

nitrocinnamc acid up to about a 20 percent weight |evel, based on 5

t he conbi ned weanyghtrichforosilané;ainda gammansning-pespyl Thiethexysilane)cgy 3o tabodt @04

I ncrease t he sinflélubi Iitdy of the photoresist coating in both the
exposed and urRSKHREE Heightlevel, based on the combined weight pf soxolak cand; sensitizer.
applications wh é‘ﬂﬁ gla% v, lydli s s
consi deration e%}l t %ggsﬁ%&gﬁx’gﬁ gég}r ee o ailc%@nﬁ?egs@a%gg tég e;sc%nglﬁ P‘Sé‘a;a“‘.dr e.,

whi | e nicotinieacid po aittbohinaftic &did upeo RbGUtA FBpértert Mdightdevdd |Uas@Fon
di ssol ved nore_quickly by the 10 devel oper, the speed enhances w ||

al so cause a |the gembinsdsveightpfnayolaki and sensitizerg These enhancersftenthta fnsrease
unexposed are o . Jhe sol.vent,s..may be present in the
overal | corrpogtlﬁ isglr‘fb?h _ SF the photeregist fhgtng m POkt %‘80%% nEEPIFd BF2% he
solids in the mdhestteyare us%qlmq?plﬁ-,aﬁeﬂs WA §ifeed of development is trﬁ%mdiﬁ%al ly
renoved after coating of the photoresist solution on a substrate and 1

subsequent dr ylongidenasianj ayan ¢henghf someadegree loficontsigst bmayube sadrificed)dies., tvhile

exanpl e, ngnyl ph X ol t hyl ene et hanol ; oct.yl phenox

et hgﬁol at up the, e’é%%ﬁf? %ﬁ%‘)oﬁﬁ)" gh&or&égﬁé?%}}?ﬁ diss é&o’f?rﬂ‘{‘ﬁgg(% e %ed
wei ght1®f novaieaslopB theBSdeli ehfiinces will also cause a larger J036 oP PRBRFESKt coating
phot oresi st solution, can be applied to a substrate by any

conventi onal rfeamsle weexgpobed aras. phot oresi st art, including di pping,

sprayi ng, 20 whi r.l i and spin coating. en spi.n coating, fo
exanpl e, the resi _stTlé%F?}Y?’g%m@_X e present m%me o%gaﬁ\%owpglgowlq A P@g%’c?g"% the
percent age of t5093%ShE Qi of the SOIHR" int thePESH P& Gion, Solverﬁﬁ,icgtggﬁdrgg apd the

desired thickness, given the type of spinning ‘equi pnent uti and

t he armount of substantsllyoeswved aftetheoasing rofithe photoresist. soltionhain £ sebssite aids

inclu Si Icilcon, | um num £O| neric resins,, silicon dioxide,
RSt et

doped S 1i con SB"W}’G‘& 1Y ypn-equc surfactars that duay beHied) inflide Jgp example,
pol ysilicon, %ﬁﬂ%%xﬁd%ﬁ?%%%fh&pﬂ%%%ﬁ?ﬁﬁkn&@ dth&H¥l at up to aboﬂ'g'éO%

arseni de and other such Goup”lI1/V co
phot or esi st coeaightdevels, bdsedeah thy combindd serighted novolakdnd senaitizer.

articularly suitahle for appljcation to.therma)ly grown siljcon/silicon
8 i oxi de- bhb*‘oaff‘é’a“@am@f,es’éh&wuaema?a@ {3? iapglieé’dtq A SuURErae Ayuary on

component s, Anon| SOREL MR Seed inthe dfoRuebi AP SndiRliRg @bl b,
The s@str at e whirfingland spimeuating. Wéliénospin pedtingp forcexamplen she resist solution can
be adjusted with respect to the percentage of solids content, in order to provide
coating of the desired thickness, given the type of spinning equipment utilized and
the amount of time allowed for the spinning process. Suitable substrates include
silicon, aluminum, polymeric resins, silicon dioxide, doped silicon dioxide, silicon
25 nitride, ta.nt.alum, copper, polysilicon, ceramics, aluminum/copper mixtures; gallium
arsenide and other such Group III/V compounds.
The photoresist coatings produced by the described procedure are
particularly suitable for application to thermally grown silicon/silicon dioxide-.
coated wafers, such as are utilized in the production of microprocessors and other

30 miniaturized integrated circuit components. An aluminum/aluminum oxide wafer

can also be used. The substrate may also comprise various polymeric resins,



WO 98/ 27130
PCT/ EP97/ 07056 -12-
especi al | WQ 88743ar ent pol yners such as pol yesters. The subRtVEFYHERF have

an adhesi on pronoted | ayer of sui tabl e conmposition, such as
one cont ai ni ng hexa- al kyl di%1Tazane, preferably hexanethyl

di si l azane (HMDS). The phot oresi st conposition solution
is then coated onto the substrate, and 5 the substrate is treated

at a tenper aespesially aransparent pélymers) Sichoasapalyesters.0[ Ere hubsfrote maprhave an
about 30 seco ds.to about,k 180 s cond on a haqt, [gl ate or for frqm about 15

to hasian: promated, taves of A syit ?1\98’899% VAR agang @é?ﬁ%?% s
treatnment is ?ﬁm t he concentration of
resi dual sol vgﬁ ggé%q?gﬁg)r%fﬁaatb(%%eg@te&gmﬁgllﬁezg%% ) causi ng
substanti al t her mihedsh@tardsist compaisitionsolutioh dsthes icbatee ontd thegabstfawé,,andne 10
desires to mnimze the concentration of solvents and this first

t enpedat ur e the substrate is tregtad 3k a temperayrrfiemagouh{99C wam% £sr o of
the sol vent s jyaes PARMARLELbANIIf seconds on 4 b bk 8P Wor PGS St

conposi tion, on t er ‘of one m cron emai ns on
t he substr at gboutPEmititéscin£cbrabist owmt THiS téreparatued trestmeat fsr Bcfddnt
85[err]C to about Qg&er rLC The treatpent is conducted until_ the rate of
change of 15ordertor dhe cﬁamvgﬂlorb@f:@ﬁtégalrselmwmtye phespeasist,i whiletnot The

br oper 1 o6 o8 Syt thegpet 38 EHCR ot FREPI oA PREERER Bhe
and qomrer ci JedivesdBs iniigfnic®ahé né])n'&:éx{m;on'rbﬂ soRRh&d asd!RElsr 8@ ©Riperature
then be exposed to actinic radiation, e.g., ultraviolet radiation, at a

wavel engt h ofreatment is condumdmnabamstaawlmﬂ ebthatselventsdgve m'apprata@ andRect r on
beam ion be

d
o ced by b Yoty BF pfivtoresist colPRubE. L e orR8Y of 53¢ FiGpR T ik less,

tenpl at es, etémains on the substrate. Ina p?éféhéﬂ‘élhwcﬁﬁlbﬁttthb %rﬁﬁt@ﬁu%'ffd?ﬂhlb%t
subjected to a post exposure second bak |n% or heat treatnent,
i

e| t her bef or 858€ tef ahqut RHPEL. o Frhentreatmenteisheenduaigd until the rate ofephangetafr es
f t Ct f b|
o 05 1 SRR ek ed SR, SRRLBEALS, T SRR, BT 2

about 30 selection deg%ﬁ@sﬂgﬁ tReOplatOrkisEpripetifes Yesirdd 55' Heaiser all welf 40fReabout
60 seconds to about seconds on a hot plate orf about 30 to

about 45 ni negepmient wd\nedtopumameﬂw desired coating times. The metbmﬂvyeu can

phot or esi st - ¢oat,ed sub ar evel oped to r

mge v e eSTRUBEERSE KEBRIG ARATRN. PRt elsl FRioh g & evgeas i on o
30 deVﬁ‘oﬂPﬁHothB@ %ﬁ{ 8 aBeMel ST AR tx-RY OeRe®on HegmS WrlbeAA drSlaser.
preferably agitated, for exanpl e, by nit rogen burst agitation.
The 2Qbst r at easiation, ab lapyetesired petterinn produced by use of suitabMOneskis negoives,

PCT/ EPOT/ 070§t%ncﬂs templates, etc.

The photoresist is then optionally subjected to a post exposure second
baking or heat treatment, either before or after development. The heating
temperatures may range from about 90°C to about 120°C, more preferably from

25 about 100°C to about 1109C. The heating may be conducted for from about 30
seconds to about 2 minutes, more preferably from about 60 seconds to about 90
seconds on a hot plate or about 30 to about 45 minutes by convection oven.

The exposed photoresist-coated substrates are developed to remove the
image-wise exposed areas by immersion in an alkaline developing solution or

30 developed by a spray development process. The solution is preferably agitated, for

example, by nitrogen burst agitation. The substrates are allowed to remain in the



- 13 - devel oper until all, or substantially all, of the

phot or esi g0 9439 has di ssol ved from t he expospdrapensoss

Devel opers may incl ude aqueous sol utions of amoni um or alkali
met al hydroxi des. One preferred hydroxi dg3i-s tetramet hyl ammoni um

hydr oxi de. After renoval of the coated wafers fromthe devel opi ng sol ution,
one 5 may conduct an optional post-devel opnent heat treatnent or
bake to increase oat.i ng;, S hesi Qn_an ance
to etching sd elYH%’ﬁ% uaﬂldalbtq{e§ubs{:an?aliy il °€&H“ 8ree§15{jfﬂ% §?s 85@@ V&hment
heat 1treat Mengomdte SRPBeH Bfeab. hD&&SBex@%ﬂﬁclﬁBe aqueous solut:oﬁé“@f &ffohien and
substrate below the coating's softening point. [In industrial

appl i cati ons orpalkah (mld:talr h);drodeShe Orenprfefertadr hydsbxide ds detramethylr mmmum on 10

| /sil trat th | bst b
Crentod o Harudl; Aiiek Hifoval SR IR S aes FOTLOR GekaamB oG, o
01 Ut i N Thieplgh 81 3h Sbriopal post-devel AP Rkt kmlh ok KRDEE FMbadk BN | 0N

are re5|stant t‘o aci d- bas I'ng sol dtions and provi

ef fective pr odoauhgsnadhsmhhendmmepn&édrquame erl stehinmt sohgicseand obthehe
Substrate. | | owm ng specific, exanples w.ll
provi de det a,qu@gappqsuélfl}eaoptoﬁgve[gprqq%geat treatment cag cermprisedne 9w er haking ofind

til I
L 20, CORESI BRSO shllal RBEN hOABHRD soRURSE point In RAEAP, o5
in any way andppiibstidnd, npartibeladtpnii rthed rsnufictidedi ofy mierstirclions, uigies aget er s

or 20 val ues_which nmust be utilized exclusively in order to practice
the ptesent isiicon(silinen dioxide-type substrates, the developed substrates may be treated

1303 grams oVith, & ifed, hydiORuBiE il usll Shhe GAIRATCTRE BRUSLAY

grams of 2,3, &nﬁﬁdsﬁ&inb)df tﬁé]pmémvmv&tﬁa are resxstaﬁtrt@%ﬁd?-bis‘edetblﬁng sblutibngecked
flask equi pped wi th a condenser, a thernoneter, and a dr(%p i ng
funnel . 0.9 qrdrarevidgeliestivequptection fordhe unexpesechphatpresit-ceatingaseas pit
95[err] C. 148 ﬁst%t@ms of formal dehyde (nolar ratio of phenol s/ forml dehyde

1/ 0. 69) Was added dropw se over one hour. The reaction was
all onesl to continue for 6 hour s at 95[err]C The reaction m xture
was then distilled, initially at_atnospheric 3 pressure and then

vacuum was app! i edThe fellaysng spedifie lexaraplge vell mrewﬂec;{ewlpql dlustratigns of the
WO 98/ 27130

PCT/ EP97/ 070 5rgethods of producing and utilizing compositions of the present mventlgn.l }: hese

examples are not intended, however, to limit or restrict the scope of the invention
in any way and should not be construed as providing conditions, parameters or

20 values which must be utilized exclusively in order to practice the present invention.

Example 1
300 grams of phenolic compounds consisting of 130.3 grams of m-cresol,

104.25 grams of p-cresol, and 65.5 grams of 2,3,5-trimethyl phenol were
25 transferred to a four necked flask equipped with a condenser, a thermometer, and a
dropping funnel. 0.9 gram of oxalic acid was added and the flask was heated to
95°C. 148.4 grams of formaldehyde (molar ratio of phenols/formaldehyde 1/0.69)
was added dropwise over one hour. The reaction was allowed to continue for 6
hours at 95°C. The reaction mixture was then distilled, initially at atmospheric

30 pressure and then vacuum was applied to reach a final temperature 200°C and a



pressure of 30 mm Hg. The nolten resin was collected in a tray, and 260
grans of solid novol ak resin having an RMV of 8.8 was obt ai ned.
200 grans SYOP713b| i d novol ak resin was dissol ved in 633 gr BFE/EPST/07056

met hanol to make 24% (by weight) solution. 231.7 grans of DI water (27.8%
by 5 wei ght, of the batch) was added with stirring over a period of
ten mnutes. Stirring was stopped and a white precipitate settled
to the bottomof the flask. The |iquid | ayer on top was sucked

out and di scapfégshre EhsoWﬂhlI-% pnfecmeké@xteemwm écﬁlibﬁ:a%!@ﬁy, and 260 gramsof316. 6
granms of nethanol, and 115.8 grans of DI water was added w th stlrrlng

Stirring was mhdpmdlaé:rmgahaMngenﬁleftSa&wasebta[md to the bottom of the
flask. The 10 uid | r enmoved nd di scar ed, and the
white precipitate %kblé ams 0 &léé‘gYﬁ TN WA 1913 sﬁlé'F%tlé £rams ofal
met hanol and n@aﬁﬂomrm&m}w@%}%@ solytion. zmaﬁgmsdam Wa?etr'(?ﬂS‘g{bb§15

[err]C and 20 mm Hg pressure ecu ar wei ght and

(pol ydBsper si wyightivofithi¢ batch), waadded Miftestirfing svanh pendxhof wairgihhteb.aSMngn
wei ght average and i.s nol ecul ar bas on. nhunber aver.age)
Bdan daeibnhon

were 15 was R AVhitsPTPERitAte Se St Rhe NS bodidad
ggbl el layer on top was sucﬁéﬁ oht Qxﬂ?dxscarded. The white precnpxtatezglgg CedMolved 36

First Precipi inaBl6c51grams of methanol and 141'5(8)grams of DI wﬁte@ was added with stirring.
Second Preci p| tation 76 3.

Low MW Fr act i DiiTingaxas siepped and a whlgpggecxpxtate settled to the bottom of the flask. The
Exanphg 2 20 r t t St S repar ed
sccordPng to I daer gp fop el teRloBEd BRGNS ohEhe SO Bigiigilt 42

proprietary 2di§soﬂ'wedd1naém§mtﬂmquﬂ}fwmldual methanol Sullfwityl vedie Qeindoed dyed
sensitizer from N ppon Zeon Co)o NK-240 ( a proprietary
2, 1, 4- di azonaYAsuRBistilation 275 °C and Z%mm SigypreesurorGRE malesulas aveightiandr

fromNippon ak. Res ract.ion.fr
exanple 1 (as sofp%g‘f&smm%ﬂ\ﬂ?wmm where' R, 2Xis WB&"S% ﬁ%‘éﬁt based on
PCT/ EP97/ 0705®eight average and Mw, is molecular weight based on number average}avere

15 measured and the results are shown in Table 1 below:
. Table 1

Fractions GPC MW PD

Parent Resin 2992 3.6

First Precipitation 4400 4.0

Second Precipitation - 4876 3.7

Low MW Fraction Discarded 955 1.7

Example 2
20 A 50 gram photoresist test sample was prepared according to the following
formulation:

NK-280 (a proprietary 2,1,5- diazonaphthoquinone
sulfonyl chloride based sensitizer from Nippon Zeon Co) 2.02 gm

NK-240 ( a proprietary 2,1,4-diazonaphthoquinone
25 sulfonyl chloride based sensitizer from Nippon Zeon Co.) 0.84 gm
Novolak Resin fraction from example 1(as solid) 6.80 gm



Pyrogallol from Al drich Co. 0.1630 gm
Bl 26X- SA (wé 9BpoR3bi et ary speed enhancer from Ni ppon Zeon Co. I)c 397?07?%9
em . (2%

KP-341, a striation free surfactant from Shi net sue

in Ethyl Lactate) 0.004 gm 3,5 Et hyl Lactate

33."147gm n- Butyl Acetate

5.849 gm The photoresi st resist sanple was coated on an
(HVDS) prinmed silicon wafer to 1. 083[err]mf|Imth|ckness and a
soft bake at Ryspgallo] Fomppldsish&onds on an 10 Svq ePri638200 |-1ine

Coat b waf or S aerngsY CprERARRH el st iR NBRFT 280 E8% kAP ol uti on

reticle. The KRpdsesistriafion freveurtadti® (post exposure baked) at 110[err]C for

70 seconds on ainline hot plate. The wafers were then

devel oped usi dpmShisetspe §hem. Co. (2% in Ethyl Eagtetel  (t et r anet h9I00dgmni um
hydrole de - Blﬁq;fqvel oper. The 15 devel oped waf elr’g re exam ned
usi ng "a HI TA Y S- 400 SEM (scanni ng el ect Pom4 oscope) .
A nom nal doseB(#PARefate Print, "DIP") was measured at 5.849 onf € best
focus, the dose required to precisely replicate a given feature.” Resol ution
and depth of focus (DOF) were neasured and are shown in Table 2 bel ow. 20
-[I;%El e 2 ) TheEi()ﬁ‘(ggc))lre%Eﬁ 5ﬁs§§%§an§1p e Was coated on an (H}MBS) prP %F@g&l} lr:;[ Hon

(-.1.2/.0)[ ergdeen 0 70
0. 30[ r /] (to :lLog?przn) i[ilerr} ?hxckness and a @@%Ek@al?’% C for 60 seccinds a';r;d 3

190 10 0. 30[ &VG® 8100 I-{ind hay plaf&) pves uped. The exposure matrix was pmt@(@fmh@ 6

170 0.30[err (-1.0/0Q. err
Exanmpl e 3 OaJeT wafers usmg a9 ﬁé% M‘@rlég@aﬁm%m 2 DEKON®) resolutivn d

;rgiienZZf % sol ut | o\wth exppg%d P}wa&é&é%ﬁ%@% (Bo raESTU(S%ePtaggd)a%t Fﬁf gigﬂ{p’{i: I

and the fractseands aatnimine hoteplatedWithé vaférh veere then developed uSRIZOAZ® 300
MIF TMAH (tetramethyl ammonium hydroxide - 2.38%) developer. The

15 . developed wafers were examined using a HITACHI® S-400 SEM (scanning
electron microscope). A nominal dose (Dose to Print, “DTP”) was measured at

the best focus, the dose required to precisely replicate a given feature. Resolution

and depth of focus (DOF) were measured and are shown in Table 2 below.

20 : Table 2
Example # | Resin From: DIP | Resolution DOF
2 Example 1 225 0.30um (-.1.2/.0)um
4 Example 3 170 0.30um (-.1.0/.2)um
5 Examples 1 and 3 190 0.30pm (-1.2/0.2)um
7 Example 6 170 0.30um (-1.0/0.2)um
Example 3

Example 1 was repeated and 202 gram of solid resin of RMW 8.5 was
dissolved in 639.67 grams of methanol to make 24 % solution. The resin was
25 fractionated as in example 1 and the fractions obtained are shown in Table 3

below:

~
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Table 3 w0 98/27130 Fractions GPC RAJ/BF7/07056

PD Parent Resin 2227 2.5

First Precipitation 2750 -16-2.5 Second
Precipitation 2983 2.7 Low MV Fracti on
Di scar ded 1055 1.8

Exanpl e 4 5 A 150 gram photoresi st test sanple was prepared
according to the following formul ati on: NK-280 (a
proprietary 2,1,5- diazonapht hoqui none Table3 sul fonyl chl ori de based
sensitizer fromN ppaon.Zeon Co) 26 .07 gm ~NK rietary
2,1, 4- di azonapht hoqifractiens10 sul f ofiGPCMWar i d¢ ba sensf ti zer
from N ppon Zeon —+—2--514-g+ Novietak—Restn tTom exanpl e
3 (as solid) ?Q’Bﬂtﬁ@"bm Pylr 1ol frem“Aldrich (o.

0.49 gm Bl =St R oprierary SPad ennhangers Trom N ppon Zeon
Co.) 3.61 gm m‘l@t@{lst riation free_surfact ghst 15 P from
Shi net sue Chem Co.} §eténtl Prédipitdtiohact at e) |2983 02012 gm

Et hyl Lactate 99441 gm
n-Butyl Acetate Low MW Fraction Discarded | 1055 1.8 17. 55| gm

The phot or esi st r est-st—sarpte—ras—eoatetd—on—arr—tiBS—prrmed—srt+rcon 20

wafer to a 1.083 [err]mfilmthickness, and a soft bake at 90[err]C for 60

seconds on an SVG 8100 I-1i neﬁﬂgfglé)# ate was used. The exposure
matri x was printed on the coated waiers using a 0.54 NA N KON

i -1ine stepper and a N5EObtanephbtdresist test sample wast prepared Thasoedipgsted theaf er s
were post exposure baked at, 110C for 70 seconds on a in line hot
pl ate. The waf fllowirg formplaHomevel oped using AZ[err] 300 MF TMAH 25

(2.38% devel e A i ned using a H TACH S
400 SEM A noﬁﬁ%@%@%‘%ﬁ%ﬁgéﬂa&%ﬁg@ﬁu%ﬂg best focus, the dose

sulfonyl chloride based sensitizer from Nippon Zeon Co) 26.07 gm
NK-240 ( a proprietary 2,1,4-diazonaphthoquinone
10 ' sulfonyl chloride based sensitizer from Nippon Zeon Co.) 2.51gm
Novolak Resin fraction from example 3 (as solid) 20.313 gm
Pyrogallol from Aldrich Co. 0.49 gm

BI26X-SA ( a proprietary speed enhancer from Nippon Zeon Co.) 3.61 gm
KP-341, a striation free surfactant

15 from Shinetsue Chem. Co. (2% in Ethyl Lactate) 0.012gm
Ethyl Lactate 99.44 gm
n-Butyl Acetate 17.55 gm

The photoresist resist sample was coated on an HMDS primed silicon

20 wafer to a 1.083um film thickness, and a soft bake at 90°C for 60 seconds on an
SVG® 8100 I-line hot plate was used. The exposure matrix was printed on the

coated wafers using a 0.54 NA NIKON® i-line stepper and a NIKON® resolution

reticle. The exposed wafers were post exposure baked at 110°C for 70 seconds on

a in line hot plate. The wafers were then developed using AZ® 300 MIF TMAH

25 (2.38%) developer. The developed wafers were examined using a HITACHI® S-
400 SEM. A nominal dose (DTP) was measured at the best focus, the dose
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required to precisely replicate a given feature. Resolution and depth of
focus (DOF) were neasured and _were shown in Table 2 above.
Example 5 5 One part of the photoresist conposition of
exanple 2 and 5 parts of the phot oresi st of exanple 4 were m xed
and the photoresist resist sanple was coated on an HMDS pri ned

si | i con waf errequired 1o Ogefiealy Jraplidatarat giverk feature. Resolutiopadnd depth of focus
90[err] C for econds on_an SVG 8100 1] 0 | ate was used. The
exposur e @Og)w%e[rppz}g,uwg rYHie & ‘Bﬁ’q’hgﬁigé‘%ggemfers using a 0.54 NA
NI KON i -1ine stepper 10 and a NIKON[err] resolution reticle. The

exposed wafers were post exposure baked at 110[err]C for 70
seconds on a in line hot plate. The wdixamplewre then devel oped

using AZ 300 MF ThNAH (2. 389 evel qper. The. devgl ope fers were

exam ned using a H%ﬁ(ﬂgf‘ @g&{%@q@mﬁs‘ WW§P°%8§8XM?$%§%§§ (hfdhe
at the best f | [ : ks '
feature. 15  Protoresis 6 CARPIL SE Bt aldl (O AELOF AP R ol Fak BOed,

were shown i nodahlMDS primed siliconb@afer to a 1.083um film thickness. A soft bake at
Exanpl e 6 e 1 was repeated and 70 gramof a solid

Exanpl
novol ak resi n99IC fanfOssegonds on an SVGR$1G0 Idmeht nlate pves veed. g Theexppsure

met hanol to ke. 24 % sol ytiqn, n K- | t] was
fractionated ég%wéig Stleg ofqgﬁgggkﬁ% v?a:fngéﬁs%x & grs é %ﬁm lﬁ@ﬁ’& gt&p P Tabl e
4 bel pgv. and a NIKON® resolution ret(i;@lg:. I\'};R/e exposed wafengwer'Eé}Ms@e)ébosure baked

Fractions , .
Par ent Resin at 110°C for 70 seconds on a plime hot plate. The gvafers were then developed

First Precipitatio 9
Second Preci pﬁl% Il{%@ 300 MIF TMAH@%%) developer. ’ghel developed wafers were
Low MV Fract | anthédadifies HITACHI® $3400 SEM. A nomindl-dose (DTP) was measured

at the best focus, the dose required to precisely replicate a given feature.

15 Resolution and depth of focus (DOF) were measured and were shown in Table 2
above .
Example 6
Example 1 was repeated and 70 gram of a solid novolak resin of RMW 8.8
20 was dissolved in 221.67 grams of methanol to make 24 % solution. The novolak
resin solution was fractionated as in example 1 and the fractions are shown in
Table 4 below:
Table 4
F_ractions GPC MW,, PD
Parent Resin 3000 3.0
First Precipitation 4344 2.9
Second Precipitation 4523 2.7
Low MW Fraction Discarded 1015 1.5
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Exanpl e 7 WO 98/27130 A 50 gram photoresi st test sanpl BCRERIHEHar ed
according to the foll ow ng formul ati on: NK-280 (a
proprietary 2,1,5- di azonapht hoqui none -38- sul fonyl chloride based
sensitizer from N ppon Zeon Co) 2.02 gm NK-240 ( a proprietary
2, 1, 4- di azonapht hoqui none sul fonyl chloride based sensitizer from
Ni ppon Zeon Co.) 0.84gm Nomag,@d?gssi n fraction fromexanple 6
(as solid) 6.8 gm Pyrogallol from Al drich Co.

0.163 gm 10 ABi@grangphatoresist teph Savple yassprepared keording to therfolioptngn Zeon
Co.) 1.20 gm KP-341, a striation free surfactant from
Shi net sue CheffmBl§tiopoo, i n Ethyl Lact at e) 0.04 gm Et hyl
Lactate NK-280 (a proprietary 2,1,5- diazonaphthoquinone 33.147 gm

n- Butyl Acetate 5.85gm 15
The ph®t or esi sdulfoseyli chiorkdzrtaked msitizerﬁmdl\ﬁppamrzm)pri med 2i0Rigoon

wafer to a 1.083 m fi] mthickness, a, soft bake at 90[err]C for 60
seconds on anlg% 5‘?0 lpmma @1368“‘1?%&1088"1‘?89 pl ate was used. The

exposure matri Eﬁ:s fers % a 0.54 NA
NI KON i -1ine sgt&epperO(Pﬂisldr{gﬁz%C‘Il 55\11 girzerrfrc%nég?(i) utlon ggoyva Pe? cle. The

exposed waf erNovdaleRpsmtfrae&pmsfmmebaﬁﬁd&(as §dlid)err] C for 706:8gm>nds on
ain line hot pI at The%cﬁﬁqv\ere t hen devel oped usi ng AZ err] 300 MF

TVAH Pyrogal The devel oped wafers wer e04838hed using
aHT | S f at the
best Sous, (BREK5SA (a Bbrshbl sfbel it SORITPLNZefCO IO IAEE B |
feature. ResoKBt34Q0aaﬁthudﬁ}ﬁehsﬁffaétmus 25 (DOF) were neasured and
were shown in Tabl e 2 above MO 98/ 27130
PCT/ EP97/ 07056ffom Shinetsue Chem Co. (2% in Ethyl Lactate) - 19004 gm

Ethyl Lactate 33.147 gm

n-Butyl Acetate 5.85gm

15 )

The photoresist resist sample was coated on an HMDS primed silicon

wafer to a 1.083um film thickness, and a soft bake at 90°C for 60 seconds on an

SVG® 8100 I-line hot plate was used. The exposure matrix was printed on the

coated wafers using a 0.54 NA NIKON® i-line stepper and a NIKON® resolution

20 reticle. The exposed wafers were post exposure baked at 110°C for 70 seconds on
a in line hot plate. The wafers were then developed using AZ® 300 MIF TMAH

(2.38%) developer. The developed wafers were examined using a HITACHI® S-

400 SEM. A nominal dose (DTP) was measured at the best focus, the dose

required to precisely replicate a given feature. Resolution and depth of focus

25 (DOF) were measured and were shown in Table 2 above.



forming nogaraizeorn wnch colMHIIIYIAP c55Enetss 2 oot

with one o\ﬁpwgﬁenol iC corrpounds i'n presen%g*)g%ﬁﬁ%g‘g?d

catal yst, and thereby producing a novol ak resin pol ymeric
condensati on product; b) addi ng a Bter soluble organi ¢ pol ar
sol vent and water to the novol ak resin reacti on_m xture, thereby

preci pitating the novol ak resin pol yner R§I(B|E§ﬂt i on product, and
then renovi ngWHAT WEDBSIRES® aLAIM IS: | TS Sgﬁ%ﬁ welt er sol ubl e
organi c pol ar solvent and water to the noyal ak Fi . precipitate of
step b), thereby again precipitating the novol ak resin polyneric

condensati on roduct en J enpvi he. r enmi tep c
d) di ssol VI ng tHe *"ﬁmft&RPPé‘EF‘Hi%aﬁ@@'ﬁ“&gé@x&}@kggs&ﬂ?g’h%%r gg-@%tsess P o)
precipitate Ofa? condensn'@t foPm&elydedwith Unel &S indte PRENAIB! comipbunds Rbthe

form ng a sol ution, renmovi ng any renmining water and water

sol ubl e organic polpaesencﬂ wfnan agidd catalyst, and thérebetproducingua@ ngvelak i regin

form ng, fractionated noyvol ak resin sql ution. 2. The met hod of

claim| where in s&° CPOoRGENSENRN PROSUGx al i ¢ acid, nal eic acid, maleic
anhydr i de, Su'b} uri %d q\Qﬁtepscﬂﬁﬂhg%Pfanﬁi&k&&oiﬁl@en@ﬁhdjwater to tﬁ% novolaT&‘x%sﬁTEt hod
of claim1l whefeint wat er so ani ¢ pol ar sol vent acet one or
a derr]-Cerr] al kydctmhcoin&iure theredy precipitatingt tred rm‘volalkalmsml polyameri n
the photoresist solvent is a nmonopxynonocar bgxyl i c, aci d, ester.

5.
A method for producPRgensatRsprodye, FIbIER EEMeYINg HIRFsERIiNg SOl g superi or
i thographi ¢ Q:Zr f ory Hﬁﬂg [%@oﬁib@owamcaﬁolar sGOGHERR Wakef Q? TR dehyidfmgWi th
one or nore phenolic c8npounds, 1n presence of an acic

catal yst and t her ekglutibadfcicpd)a thevetnl sdain precipitating the novolaklrgsie potymeric

condensati on product; ] ) .. .
condensation product, and then removing the remaining solution of step c);

d) dissolving the novolak resin polymeric condensation product precipitate of
step c) in a photoresist solvent. and thereby forming a solution, then
removing any remaining water and water soluble organic polar solvent, and

thereby producing a film forming, fractionated novolak resin solution.

2. The method of claim 1 where in said acid catalyst is oxalic acid, maleic

acid, maleic anhydride, sulfuric acid or p-toluene sulphonic acid.

3. The method of claim 1 wherein the water soluble organic polar solvent is
.acetone or a C,-Cs alkyl alcohol.

4. The method of claim 1 wherein the photoresist solvent is a

monooxymonocarboxylic acid ester.

5. A method for producing a positive photoresist composition having superior

lithographic performance comprising:

a) condensing formaldehyde with one or more phenolic compounds, in the
presence of an acid catalyst and thereby producing a novolak resin

polymeric condensation product;
This Sheet Has Been Rep

| i
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addi ng awwgr718el ubl e organi c pol ar solvent and water to tHGI/ERHN7OIGHE resin

reaction mxture,_ fhereby precipitating the novolak resin polyneric
condensati on produgi, 5w HASEHEYNDVI ng 20he renai ni ng

addi ng a wat er spl ubl & cQF gant C p‘o‘ﬂzr sol vent and wal er ﬂgm"m m“rg la“i'"lesi n
preci phate of step--b); —afd-i- herweby again precipitating ecnovo sresin

condensat | o rod N, of

di ssol Fﬁ‘éﬁ%g"gﬂtéﬁw%gﬁrg n‘\%fr(r%[r;%g chgﬁ ensg{er go th% n r%%’Ima
phot or esi st and tP&Eﬁ&Y dktiteN OthRréb! Précitatinfethe eigvolakg rélﬁﬂ b@l?ﬁieﬂbng
wat er and water sol uble organic pol ar solvent, thereby producing a film

formng, fractioneons¢nsesicolprrdyassind then remasing thedemaining)solutiop ovi di ng an
adm xture of 1) a photosensitiy ane |n in.a
"g’r?o?

sufficient t® phoftLR& g VAL g g RAar 3V ”ﬁowxaterz}o e TSNPE o1 i ng
novol ak resin froRiafi&e ¢b ste? , thd agdidbly Ofgin Fﬂ}e&ﬁmﬁlgsmes%vam re§ihd

thereby formng a photoresis conposi ti on. he nmet hod of claim
5 where in sal d aconfievsatimypodid, andatemovingitbie remalmng solutxomof step ol ei c

anhydri de, I fur | c gcid |l uene sul phonji c acid. . ) . The

met hod of ' cf ok 16 Aauelals TSR BTG G sRIGRIAn pduct imeh
acetone or a C[ er Pilotg{'é?»fs'i ]analtﬁéijebfk&ﬂbﬁé a solution, $hen re f ai ;! claim
5 wherein the photoresist solvent nmonodxynonocar boxyl i ¢ aC|

ester. 9. waﬁbrrmtdhwdtei'mnkml&)dtganmgp@lasedwemmharehy pobelucing Hfilm
producing a phot o; e on,a syhstrate by coafing a suitable substrate

with a positive wWHRIRE fract ongted evalz ’EBS‘BéHB’(B { conpri si ng: a)
condensi ng f t I il
o n acpﬁh’y ?%% JHn‘H%ré’o %ﬁpro {lj%ﬁ]éé%mgovofl ol deidunt

presence of l'yst, and t er‘e resin
pol yneri ¢ condenssidfficientptoophatbsensitize a photoresist composition; 2) the film forming

novolak resin from step d); and 3) additional photoresist solvent, and

thereby forming a photoresist composition.

6. The method of claim 5 where in said acid catalyst is oxalic acid, maleic

acid, maleic anhydride, sulfuric acid, or p-toluene sulphonic acid.

7. The method of claim 5 wherein the water soluble organic polar solvent is

acetone or 2 C:-C; alkyl alcohol.

8. The method of claim 5 wherein the photoresist solvent is a

monooxymonocarboxyli¢ acid ester.

9. A method for producing a semiconductor device by producing a photo-
image on a substrate by coating a suitable substrate with a positive working
photoresist composition comprising:

a) condensing formaldehyde with one or more phenolic compounds, in the

presence of an acid catalyst, and thereby producing a novolak resin

i

polymeric condensation product;
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addi ng a %eﬂ%?”&)q ubl e organic polar solvent and water to tﬁgT’rF(WyPQﬁpresi n

reacti on m xtur gs reci pitating_%pg novol ak regj '
condensation pr gdirti§ SHERY HAwepesEfovi ng” the remai ni ng amm HmUMIJH“J
-adding a water gol ublﬁg;qf@@pi c polar solvent and water sdK«I esin
preci pi tat eof stEp—by~——akd-Lthean renoving the remaining solution of step c);
d) di ssol b)ng taddinga/whtsk selubleorgastie pelar solvenidad swterdn the navelek resin
precipitate of hot ot esi Et sol\i nt, then,renoving

any rermini ng wat dFGHR miRtu?d ?})xerélgya?ggmgw% 18, gavRigk otnsin ROlEH: | and

thereby produci ng &nﬁéﬂsﬂi&?&ﬁ‘dﬂ&, and then removink {RCieniA SeblaRy! ak resin
sol ution; e) provi dihg an adm xture of 1) a photosensitive conmponent

in an anount c) adding a swatdri soluhi¢ organphpolas enkent ael wapErabothe Siestining
conposition; 2) the fjlmfor vol ak ,resin . sol ytion from

step d); and 3) a@&il{taoar%stea%?&%&@tre@emsﬁﬁ? remaining solution, gEistep g} e by
form ng a phagjor esi: : RO racs . E&h?ite' ' . ate
W th t%e plﬁo;2it resis(gfsbg:o%ogﬁllto it,%l%ﬂg?smstpé)fy"éﬁc gi%ﬁoﬁpﬁééﬁé{c ?plr‘egﬁflége;&{ he

coated substrate aiepstlin &)photdredistssohedngnthenlresoging 2y tebRining water and
phot oresi st solvent is renoved; i nage-w se S_)g(gosi ng the photosensitive

conposition and r eWer srjulleergarigrolay selventyedotherby psodscing g film forming,
conposition with aﬁ'fb‘ﬁ}:’h&?& go‘qoqylg*_eg&esromﬁ n: 10. The nethod of claim?9
wherein the acid catalyst I's oxaltc acid,”’maleic acid, mal ei c
anhydride, sw)fur i]ﬁoﬁidin@,amﬁdrﬁixhﬁ'bbtﬁh&)&U?Weﬁﬁxﬁiti&eicdmponent inldn amodihe

met hod of claim9 wherein the water sol uble organic polar solvent is
acetone or a (] er rpffigient tp phptogensifizeonphotoresist compositiopnd) thetfilgyforming:| ai m
9 wherein the photoLahkSsin SN Edh thoin 3tep d); TREAPLUTRRBAGFHSELE s @b,

ester.

and thereby forming a photoresist composition;

f) coating a suitable substrate with the photoresist composition of step e);

g) heat treating the coated substrate of step f) until substantially all of the
photoresist solvent is removed; image-wise exposing the photosensitive
composition and removing the image-wise exposed areas of such

composition with a suitable developer.

10.  The method of claim 9 wherein the acid catalyst is oxalic acid, maleic acid,

maleic anhydride, sulfuric acid, or p-toluene sulphonic acid.

11.  The method of claim 9 wherein the water soluble organic polar solvent is
acetone or a C;-C; alkyl alcohol.

12 The method of claim 9 wherein the photoresist solvent is a

monooxymonocarboxylic acid ester.
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