; e3e| & lrﬁmmm , BACKGROUND OF THE INVENTION 5 , The present
i nventio ’”m I"”Hma process for producing a fractionated filmform ng
novol ak resi n,gg@Ei ng a fast dissolution rate, and fast photosp M%‘?dﬂm gh

lithogr j rmance in light-sensitive.conpositions, and for "using
such aﬂ%@ﬂ@mﬁmﬁw min in light-sensitive conpositions. The present invention
alsor process for making 10 a superior quality light-sensitive
conposi ti owBeful as a resi st having a fast
phot ospeed. Further, tfiz : NS SIat ANDIRHQTORESIZE for coating
substrates with these |ight-sengidi®eGPResHE @s well as the process
of coating, imaging and devel opi ng ese i1 ght-sensitive conpositions on
such substrates. 15 Photoresi st conpositions are used in mcrolithography
processes for ”a%hE%FgﬁﬂgﬁﬁﬂékéﬁﬂiﬁﬁﬁggigﬂiC conponents, such as in the
fabrication of c d circuits. Generally, in these
processes5 a thin coafhiegpreferd friveRtiod @INEOt O @SipsdceeONIPS btddaBinigs af i r St
applied to a sub&trate nater}al, such as sjilicon fers used for making

integrated 20 cifReonatedriie PHANGN LR PstenPENg ASASIFEREIIH Blagdidat e any
sol vent in the phgt gsrﬁﬁésﬁeeeoap@smbhomhag%pm IoeXotiéhceOf 11138t-08Riviehe
substrate. The baked coated surface of the substrate is next subjected to
an i mage-w se expuspesitians, ranfi e disingrisiushr adnayglah resipodurlightaenséivea

chem cal transfo LOA. iN e . f e.
Visible |ight, u%%éé\’ﬁq@?’{esf ‘?&/j@?ﬁﬁf‘f‘?@@ﬁ’& 'ggﬁe'%géﬁnggrf’gggésr%icfﬁH‘;‘?’g?@nt
ener gy arl® r adi ad isapetigrp@glipolighdseysitise dotmpdaition wsefut e lai pdaitgeapdrking
processes. After this i e:-W se erpg}sgre, theFCR@‘t eﬂ substrqt.e i§. treated
with a devel oper PABPIESISSH %P B5F IORFRePdnof U RE: HRF RrRgent invention

radi ati on- exposegkifies tl3e aUpRXPES a6 abafsy Hbslratebewtvahesk Jighf-saritee t he
substrat e. L ( 2 0 MAY 2002 -2 Novol ak resins are frequently used a

pol yneri ¢ bi nder CQMAPPsIRNS ap et lode HesProcassiiaf 693thes iMmagieg and sevalerigge

typi cal |y producgdsbyqfinaifiub ROnBoSABAERRBLLOBIEARA, on between

f or mal dehyde and one 8r nore multr-substituted phenols, in the presence of
an acid datal yst, sudPhdomsisbramposiions areraisefliio raicralithagranhyl pfocesses
anhydride. I n prgduci,n: ophi st | = 0 evices, 4t . becone
i ncreasingly i rrp%rr'ti!‘gén‘{']'gq %"@%5%‘%@%&%&?6% %?d%wéé{sn%\’/‘& é%’(?nr @gi HﬁBB @Uperi or
qual ity in ternmsobéordpeeokhips andristegrateh olradise cBenanaly, phihtces emsidssve

conposition, better. binding. properties with. a diazonaphthoqui npn and good
heat 10 resi stan@é'.:“” 'é‘gg?fea 8\%03)%%%0\/%”8?63 (5’981‘38??'9'5) '%gﬁg@??ﬁ‘?‘ﬁi%?
negat i ve- wor ki Ngs@iraROShiteNa; WOEK 410 sili¥e wategatisoe {0 reking  pitarategsi st
conposi tions are exposed image-wi se to radiation, the areas of the resist
conposi t i exposieditto theecaaded subrptedcre baked tegvappate any saeel iper
solution (e. 9. LRG3t baHibOGidPafd [l 8Cdbiafihg VNG B SBs il XRaRed
areas of the photoresist coating remain relatively soluble to such a

sol ution. Thus, bakst caated efirfzoe eXpesetisinaigas inert subjdatethtor aisingagenivish a
devel oper causes _renoval of.t.he non-exposed areas of the photoresist
coating and the EFRAHU S rgpla 'o?fegati ve image in the coating. Thereby
uncovering a desired Plispadiation exposdre ¢Hudes |y chgmisabsansidbrenationf iac®eon

whi ch the photoresist conposition was deposited. he ot her d, when
posi ti ve-4for Ki nge’ﬁiPR?PSr%rgg§Pf gmggtpgis(gﬁgce. \ﬁsuble%h{ u?trawo et (L,R%r\ught,

electron beam and X-ray radiant energy are radiation types commonly

DOS

itive-working
o\Vn

D hot 0

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

30 of the coated surface of the substrate.



are exposed i nmage-w se to radiation, those areas of the photoresist

conposi tion exposed to the radiation becone nore soluble to the 25

devel oper solution (e.g. a rearrangenent reaction occurs) whi ?90 Nt&qwr eas
not exposed remain relatively insoluble to the devel oper sol utiof. S,
treatnment of an exposed positive-working photoresist with the devel oper
causes renoval of the exposed areas of the_coating and the creation of a
positive imge in the photoresist coati ng.‘2Agai n, a desired 30 portion of

t he underlying substrate surface i s uncovered. 2 0 MAY 2002 -3 After this
devel opnent operation, the now partially unprotected substrate _maly be
treated with a substrbpeoclekdeains a6l fiequantiyrugadagnpolymses prertineliquike. The
et chant sol ution tch t o] S e where

t he phot oresi st 8@%o?%%ﬁm”g%ﬂrﬁg%io\p§d dl]li"lgglég %%Epesv%a%ph@f{éﬁyTﬁ@%gégéasb\’)f t he
substrat e where thedyhiopos eshdéngatiahi regctidn betwemmaifonsakiebyqy ahdcdred oand,

t hus, an etched patterr‘.i S ctrteate i n, t hetsubst rate p‘ateri al V\{hi ch
corresponds to t HEBHBYERHERIHEIPRSP!S: i M BeeNrs 8’ 8% p5Eusatayst SHeh

radi ation.s Lat er ast bgaliccnadidi naldiceagif of hgapi©t axIearige. comt i grgdudyg be
renoved during a stripping operation, |leaving 10 a clean etched substrate
surface. In sone SPH@?%@E) spmigosduesr r BYiees.o thehas t PEEAMSE héNCFRAFNAY ng
phot oresi st | ayek Feat vel . St ing. st ep,
to increase its éﬂ%@iélrgntot @%E/ﬁ% %r{%?@ﬁ“ﬁg Eﬁ/@féﬁﬁ g&lguptg@orre%g%]g g%ce to
et chi ng sol uti ongsernf@osf tisselution kiateg it gpeesi Bt acphyposnsitioa scaanmsition; ent | y
favored 15 over negative.worki ng,.resi.sts a.ecaus&the.formr genec{?lrlgeIY have
better resol uti ofSEEHABIATY PEPSHHEF Jdit &r AlafPIaRi¥RqauIeRe, @Ndr P99 liea

Phot or esi s resoledistancé.s defined as the smallest feature which the resist
conposition can transfer fromthe photomask to the substrate wth a high
degree of image edge ABEAC §readiMOeyPekpH8IPEresT EPEFbpREMesative-Herin20
manuf act uring apphiCdditRRSVERIRAY . WIRST BEgatRR0kerkingNpiilolclRt @bARbsBbns €SS
than one mcron are necessary: In addition, it is alnost always desirable
that the devel op&de ghpesadeigiage-wise|togreiplionsthparaeapl (herepishromepsitieve to
the substrate. Such,deypraathon orPB&c‘!&ﬁé‘{e%E‘é%MBPeefé) 200y ‘é%}u%ﬁge%r eas of
the resist coating P¥anslate into accurate pattern transfer of t 5 mask
i mage onttthe subsrosstlnkidgESESRItIET ONc@B) TWikilePRhORuMERPobed tdreas ecfertbhe year s
t here has been signjfi catnt ;ﬁrogress i n,_ novol ak e in sps(nt hels'.s a
fractionation. e O B0t e tRREVEIK FLIURlS z%rst')’ﬁ HB6°'¢YA-het 1€

condi tions the stdagheriteofain 8guskakndgasiaiwehamy assist aatpes taldiyperheiusbs gh
concentration of acid catal yst and hlqgh tenperature is u

sed, 2 0 MAY
2002 -4 Rahman etre@pval glefie ApgereatedhRreasy 8f dne Rbsiaresisiyrealibat aed dbe spi E
conference, 1994, i t g L i
Patterns in Novolcé%sq%gyépﬁﬁlﬂyﬁgnﬁ%§gé§? ?@@c?ﬁ%?%?@%"?ﬁ? i%bgérsgl%?E
conf erenc2) 1993 .portipra of ythie camdanyingl akbsteadet $wiaceaon ewlitivrthe sphdtaregisti 5
wi th phenolic co%ound% an gtfi d ga al yst such as oxalic acid, malefic
acid, p-tol uene MRESINEN YES L RS ?’é/ m neral acid, and heated to about 95
to 100C. For mal dehyde Orsthel siméivhzamdid ethed pdsttie-workihg baolosedi abatboationef | ux

for about 6 hours. At the end of the condensatjon period, the reactor is
converted to di stdre| @AOSAY imAgerwiee t onfrdiation dhpge raapde @' 1192 ablipreest 200c.
At this point vaciipdsgion! 8¥hdsed @Ninet RetidRIFPYleBbMEE nicke I HIGHE {0 tROOUL
220C, and the pressure is reduced to bel ow about 20 mm Hg. After the

vol ati | es2have beleneldpst isbludidn ofefg. 2 reavargamenitsreaslianosetrahavhilaethese t en
resin is collected an I e DY h h ve
resin synthesis saéauseﬁggfa!(@%%gl %&agfgglgg%% "(zl%%bzlaereit(ggig ?g\’%é?mé@resreoz]a\?t%?‘és and
i nspected by GPCTHae| tReatmeat iobnarCrexposdd grasjiivgiworking walsotbresistl wittatthe her e

was a decrease of, the weight avera | ecul ar wei ght _(all | ecul

wei ght s ar e wei gificVEPRFLGAUTAT EEROE LMl SEPSsdcreredy BF PRIGANgtar
especi al Iy in therbgmpesas poeitivangegd et wrRephab@isist 6N 0LgdinRahmneet al
"The Effect of Lewis Bases on the 20 Ml ecul ar Wi ght of Novol ak Resi ns",
present ed3@t El | 197i9n @f thepndpey{ee sSUBYBUs surfece iIFyNERAraY- wei ght decr ease
(partial depolynerization) was not observed unless the phenolic conpounds
are extrenely pure. If the phenolic conpounds contain a trace anount of a
Lewi s Base, such as a nitrogen base, the nol ecul ar wei ght decrease during
the distillation



25 process was not observed. In U S Patent No. 5,476,750, assigned to the
same assignee .as the subject application and incorporated herein by
reference, an inproved process is disclosed to control nol ecu%P éﬁlz@g
(avoi d substantial depol ynerization) by adjusting the anount M Base
in the phenolic conpounds before or after the condensation 30 reaction. It
was disclosed that during the purification process of such phenolic
conpounds using an ion exchange resin, dis8i-dlation, and/or a 2 0 MAY
2002 -5 solvent extraction process, to renove netal ions, the m nor anount
of Lew s Base present was al so renoved. Due to the absence of this base,

t he novol ak resin vvasA;ﬁar tthial digvedtanmdzrwmpéraem dthel ngwt hm:ai@nunhacmwté(mg
process. The physi erti rized resin changed due 5
to degradati on, Hgakﬁtg gyntbet Ef\'i?@%fq.llw’t?‘o? %‘ﬁ’(%gfee%tf:g’t‘”t Wy OF ghsmarhi s
probl em can be syaséanindatdey i/ oi Tad dtshaad]seflibRdort E@sh@vgbs&f el Base
before or after the condensation step of the novol ak resin manufacturing
process. In copeﬂfi)é"‘tﬁ?g1 Qf the sylasteate Wagp theaphoberesist ¢aglinpisvas3esessd dufing ed on
10 Decembeg t3980pf, 9 §he il ds BH $D6Grald!\held e BRGL-ARAI @GR, T 0 the
sanme assi gnee as the | ect application I ncor por at erelrn by

ref erence, an i nptibvedaips cre gsotestedi s, dbmj efmetche@lpattengsacraaiedlnakha; esin
at a tenperature

| ES5aihan, abput, 140G & f t
i sti I Tati on 1o SYBRER GRBMINEE GPEoRP S e o AR BT GR t he 15

resin. (Rahman etmage- wndesek;ads}ue@ooihd\lmmétajﬁ Regih tAé ré@WNHRNBRBAIINEE |
presented at SPIE Conference, 1996.) It is known that a film form ng

novol ak resin caPhBEOrawstecasying Haak Ba deme%ed SHINB A TRIND PP aHPNKtIBRENGf
phenol i c ygnoners, 1‘9%5#' Abhe d@hNGee §9H5&—,e Ir$lé%n1en91\é%|n@5s BN Be&yé?atlc—p?é' S

processes are disclosed in U S Patent . 20 1 ncor por at ed
herei n by referemhest trmm@ﬁlWGtMMlmr'Iéﬁ@r}ti‘r&a@@vﬂommmmﬁemand el ates

to a process for odugi n fratlo atedfllmfor n akreln havi ng
2 tast i seol uti SR B g 3%l iGeats dia SARATh R el KabFife
performance in | isgbttrstensidtiiswesic@pesd bichmg, soknidngor usi ng such a novol ak

resin in light-sensitive conpositions. The present invention also rel ates
to a process for naki AGSEVRUBRKINGr pHﬂ*&F‘i’*‘St'iﬁ FPPPRSUQNSS TS FHMERD SR BHN

useful as{@ posi thyEPnEBEIRIFORMNR AEftt YeochBYd I foriP eﬁ@@il@%@@%etﬁh' S can
be acconplished by 30 reacting substituted phenols and fornal dehyde in the

presence of an aéﬁ@'@@%ﬁ?@@bl@f% and tRattet dtenpleataharactarisirat i Meptorpsist
synt hesi zed novol, ‘?031 c’gé?m@d asithe sniiRsPrile 230 h@ RIR %Fﬁﬁb§ ion

sol vent, such as "8 ate, and adding a water so ubl e orga
sol vent, such as waetramaéer ﬁd@nrethbyﬁﬂommmh the theDb)strath wish rwhtghlde:@reei@f

tetrahydrofuran . THF t hyl ene or a Clrgi-ic?l kyl al coho|, such as
et hanol , propanol m39 ﬁsg?etaﬁﬂ'l tt%‘?SF”revxsﬁ épgfeé‘ -abl {' d&PBNi zed

(D) watepg is alrﬁ&w@ﬁl@i@dngrtamgn@wn§Q@@é;atmg\gt tRIARh WA e by dMRss
sol uti on phases (| ayers) he to hase 1s water and water-sol ubl e organic

pol ar sol vent havhar ona\mlﬁmnea;rm%cemrghﬂn REJEPAKt isclingstiplways desiratie it .
The bottom phase 4 fie RRAOLRHES phbtorLi¥ERAI PRYieR%Se near vertical relative to the

substrate. Such demarcations between developed and undeveloped
areas of the resist coating translate into accurate pattern transfer of the

25 mask image onto the substrate.

DESCRIPTION OF THE PRIOR ART

In the recent years there has been significant progress in novolak

resin synthesis and fractionation. It has been reported that under vigorous
30 synthetic conditions the structure of novolak resin changes, especially

when high concentration of acid catalyst and high temperature is used,



hi gh nol ecul ar wei ght novol ak resin dissolved in it. The top phase is then
10 sepanated.fromthe bottom phase, such as by suction or by siphoning,

t hereby renoving the | ow nol ecul ar wei ght novol ak resin fract%gqﬂAY'l'mhe
bott om phase are then added, preferably with stirring, additiona

wat er sol ubl e organi c pol ar solvent and water, preferably DI water. The two
phases are again separated in the sanme manner and the top phase is 15
renoved, such as by suction or by siphoni n@ t her eby renoving nore | ow

nmol ecul ar wei ght novol ak resin. The high nol ecul ar wei ght novol ak resin in
the bottom phase is then separated, such as by distilling under vacuumto
remove residual ®ahernafd ahafiearespemest of giavolekpBesin” swesered andPtthe hi gh
mol ecul ar wel 9t cBOURLRE 1884 Nehdd! 404 The S LAS Hebidh bh sBuéution

phot or esi st sol vent. e phot'oresi st sol vent may conpri'se propyl ene gl ycol
met hyl et her acefPatterns3innbibhoirls DynmEatbdn-1utNMBI Spadtfopteme, gteseoled at
nononet hyl et her hyl ene gl npet hyl ether, diethylene. glycol

nonoet hyl et her, Sg?%%%%éer&gyg(\g%'n@ﬁ%@towrn%\f%% rexé ?rhtae'),éagtf)h?l S ycol
mononet hyls 25 aceaitht ghenoht ymppluRYs, KeteRe catdiyieplamerReolicaacid, maleic
nmonooxynonocar boxyl i ¢ acid ester, such as nethyl oxyacetate, ethyl
oxyacetate, butyPCigxelupae sUlfoRit RGID SreAoRinecaadid, anst hatedria AbYtREet at e,
butyl et hoxyace ofret oxy
et hyl propi onat e?dat;lrget) hclf/r"l3 ﬁy}é‘fﬁ?ﬁggﬁﬁtg% %tdﬁgg/? %If’o%g%%‘?gﬁ%?‘t&?te&'g%ﬂy| 330
met hoxypr opi onat esfluet foy labdutrét houngpr épitbaadne, ohtliehygbndereetipn eeriodates et hyl

2- oxypropi onate, ethyl. 2-hydroxypr.opj enate thyl lactate),. ethyl 3
B VR 2002 FRRRS SPBT Ao SIegRG 5o Ble etk & eisgie iy ebdur

2- et hoxypropi onabe°@r APtHPBLInRvARIAOKYsIBNRIrana! Be tefpBiatirdiesaiddd ane or
nore of these solvents. The present invention relates to a process for

fractionating a 8o@dveRQik. rassh et Brogpee ercdueed i sl AGOHoYdIBR Hesin
having a high di %ﬁ%t e Qdafiidd ﬁavé‘BQe@.d[s%ﬁéd BH%@%&%@G’MQ%@&% hid p%gr aphi ¢
performance in |1 ght-sensitive conpositions. e itnventiron also relates to
a process for proditenngsia iphotlectesistd altoweasiot can. dountnal thiengpussec bf ehenovol ak
resin. The invent iDon further relates to a process for p c&duci n

sem conduct or de¥PRES TMisPAYEIR hSPHEGPesPRTRICE o A% HXHE @Ggﬁa%\o%vol ak

resin, phm oresi dmp&buRss GBY insyedtat B@@mge@i Pe#eEatiohi CifofrRtdgraghy)ovol ak
resins may be obtai ned by condensing fornal eh¥de and one or nore phenolic
conpounds) such HsVas Equasloihpt Fere s, 2 deareage @ Mewaight MGTRERSHIECUlar

3, 5-di met hyl pheng).iqter (- t R y hg;gpé in ﬁr@,{,r%/-
resorcinol, 5- rrel%e;/qr?eg%r g?oﬁ%%ﬁarThMeé@gﬁdée%sati ohrg ?gifg??o%ﬂgasés ﬁ%r el ely
carried out in tkpegfiehesictheopolpmencespeciatinliydhe tenperabise oradé bebwdat

mal efic acid, malefic LA de -t ol uene . fQni id.or furi,c acid.
In the process oFg?Hte1§§'gé§n¢ c{i ﬁ\a}@ﬁ%ﬁo% %l' ni@%l a C?@Zﬁ‘ﬁqﬂ%\%aﬁgé a Ti gh

di ssol utizm rat e Massi& Waiiht phabosipe®ésard mopaitedat Eiléhagrepiteence,
performance in phatoresi st TO ositi an% i s obtained. The lpr esent invention
% weight)

provi des a proced$9%br ThR BRS creaski (Rgrtiabdepoikmereation) \Was ARt

process conpri seghséned ATHIENRS i phERAR! EABbol ST @RiEReRT plideS §dwe/al ent,
such as 25 parafornmal dehyde or formalin, with one or nore phenolic

conpounds, in thehpnedisesmrep@indarcoatdinl acthacsl gouninef a hewisbjagsr sdcltieadg a
novol ak resin condensation ptodu r I n e bgtit .phenol s,
such as by disti K forgant 85710\{}1)% iﬁél?%%%me&qgeﬁgé{gg%% Gg"r@gu?:r}e dﬁr:sg@gtlo%

at nospher2x pr espuwsaesamchstirpbsérvaadar Uvaceatentatlo 8,416,V elipesighad ey the a 2 0
MAY 2002 _g_ b) addi ngég,g#hot or esi st _.sal veq t hen a water %ﬁl ubl.e organic

. t, ..
pol ar sol vent, afiMia Tt &fe ShPYPigFt dRR'isption @”Fh‘@?WBQEﬁt hegdp nt?y
condensati on progeetericS Hh litPebviei QP8 SPisdiscl@deitd” 8éritRd] Phol@APAOKEiGhS!
sol vent : wat er sol ubl e organi c polar solvent:water of 1-9:1-5:3-7,
(avoid substantial depolymerization) by adjusting the amount of Lewis
Base in the phenolic compounds before or after the condensation
30 reaction. It was disclosed that during the purification process of such

phenolic compounds using an ion exchange resin, distillation, and/or a



S preferably 6-9:1-3:3-5 and thereby formng a solution of the novol ak
resin condensation product and separating the solution into two Iayers
top layer solution and a bottom | ayer solution, and then re%&& Fe top
| ayer, which conprises a solution of unreacted phenolic co
nmol ecul ar wei ght novol ak resin, and 10 usel ess nononer and ollgoners such
as by decanting or by suction; c) adding a water sol uble organic polar
solvent and water to the bottom | ayer solubion remai ning after step b), in
the ratio of water sol uble organic polar solvent:water ratio of 1:10 to
10: 1, preferably 15 2:8 to 8:2, nore preferably 3:7 to 7:3, and nost

preferably 4:6 teolGert ekthetionybroedmd! ab irogolbem®at Iond) sy efinGrohmbuaNof rom
step b) into two layers, a top layer solution _and a bottomlayer sol ution,

and then renovi nfeVBBapPIeasRrWasalA ramoned.dBuareithe absensg o lisitese. d)
from the bot tom | ey oy et (e A BBl SR PEd 8LliRo B orhag et
distilling the solagesonThe physiodl akopartienolihdatepolyoanaednesin olthwtﬂpmeat ure,
i m for ming, 11 s eraRaeleP bk LB, ARl BE Photor Bt RSBl Wi ent on
further provides p_mb}tnfro(cess)efmbsmmdllycawrgdai bpadjhstng medémleﬁLstvlscB)mmm tion
Condensi ng. (reacPPRg oF SRR WEHUBNER T &eBdt b RaHtIzk S, raufactinng - ©)
par af or mal dehydeppyceb@r malin, with one or nore phenolic 30 conpounds, in

t he presence of an acid catalyst and thereby producing a novol ak resin
condensati on product, !'reeasnding U.D patpptyaprigationy Sgrirkeblet 866 .8dbsiilpd tared
phenol o, RHCh Spefiust b1 19, 1) DelobeK plsphBacanensaberRedondyy under
a phot or esi st sotheemmetalseugnae\aattbe ssbjeublaaplmagzanand pmjoamorSted teobivent , and
fesul t1hg.from stEBrear & mbPybd ra S E-Ead L P PG AR S Tbi o
organi ¢ pol ar sobvemérmpeda@ire Wsslh8h bhbuBtdbeCryyeisiablisufabe fordeBsteamand
thereby formng a solution of the novol ak resin condensation product and

separating the s#istit3ton tPoavpit highhtegrafpiurapwiecula weipht Brpakdayy) af then and a
bottom | ayer sol wid;on, Rgﬁrqah@t'%l I %H?é(tﬁd?}goft P@vcslé’tp ﬁe@bﬁeéb LW iTehfepamard-ses a

solution of unreacted pheno i ¢ conmpounds, |ow nol ecul ar wei ght” novol ak
resin, and usel epseasntashel S&ifd Qﬂnfgr@neesw%ﬁjbhltas Kopwaetbahei fig orming

suct [ on; 15 ¢) 29gL0k SdRteh okl e, 0600l eROLRG, ASkYSL: ANdh 8 10

t he bottomlayer SO |on remaining-a e rati o of water
sol ubl e organic pﬁbﬂdihcﬁ@rhdlr&mﬁérwa\ivﬁh sat aldelofdel sdOrcbo 19uch, rpreiber adsiry 2: 8

to 8:2, nore prefer 3:7 to 7:3, apd, nost ferably 4.6 t t her eby
separating the b&¥t ﬁ?'Fa?é‘?CG%‘F%t?rSn Stctﬁﬁegté’g @ %la@/rﬁ gpgégpg) a top
l'ayer solgfion afgtopdiaicddiBréids refPéntd on) and then removing the top

| ayer, such as by decanting or by suction; d) renoving any remai ning water

and wat er sol uble organi c pol ar sol vent’ from the bottom | ayer solution
resulting froms GhRYS ghn_aEs WEHJI- il 1ing the solution of novol ak resin
under vacuum and ; ing a photoresist solvent to the
novol ak resin, and th&hebpresendunvention felhtesf tr @ nydcdssaddn enaduethgnavol ak
resin . . .
fractionated film forming novolak resin having a fast dissolution rate, with
25 fast photospeed and high lithographic performance in light-sensitive
compositions, and for using such a novolak resin in light-sensitive
compositions. The present invention also relates to a process for making
a superior quality light-sensitive composition useful as a positive-working
photoresist having a fast photospeed. This can be accomplished by
30 reacting substituted phenols and formaldehyde in the presence of an acid

catalyst and, after distillation, isolating the synthesized novolak resin in a



solution; e) providing an adm xture of: 1 ) a photosensitive conponent in
an anmount . sufficient to photosensitize a photoresist conposition; 2) 30 the

filmform ng novol ak resin solution resulting fromstep d); ag@ ﬁ%‘ mz ey
i 2 0 MAY 2002 -10 additional photoresist solvent, and ther&by %rz ng a
phot oresi st conposition. The invention further provides a nethod for
produci ng a sem conductor device by producing a photo-inage on a substrate
by 5 coating a suitable substrate with a p6sitive working photoresi st
conposition. The subject process conprises: a) condensing (reacting)
formal dehyde or its equival ent, such as parafornmal dehyde or formalin, with
one or nore phenphétorexiipsnivels, sich abectpyleente, ofd addmgi 8 watkalspibland

t hereby 10 produci ng, a novol ak resin condensation' product, renovin
unr eact ed subst i P[ﬂag‘d: &?i?{olsgheghcﬁu% Hy afetane | ?‘Hbe”ﬂWé?"H%'\‘?tSjlealéDP’g:s?i n

condensat i on ProgdueliniSdRnicit REPAFIG-RI FPEY AndBRe B dinden.agmym at

hi gh t enperature; b% ing a photoresist solven en a water sSol uble
organi c pol ar 153ke

_ : YlerfiChapgl slbgral, PpeRsmet sl wraderakbit emetheaok heVatarol ak
resin cond;)ensaﬂ gﬁe[f&_rag\&?géioé%?ﬁlb(ﬁjlf]%aiérori@ S a@&ed ahe b&s\%%p%rr&&}g the

phot oresi st solv e’ orgahi ¢ pol ar "sdl ven
1-9:1-5:3-7, prebautdr ynt6-t@olsButdrbphased idh@rsbyThetop ppase solvatdroanddf t he

novol ak resin cond nsa?i n product and separatin the[\ sol uti.on int? 20 two
layere. a top | ay@iersgiie groatiiPslansPIERt haes Wb iR siaht ARYP#Emovi ng
the top , layer, &t @ltseREBIHSES The Stk QHaQéf isuﬂgﬂﬁ)@‘dr@ﬁstpékﬂMtiﬁ?aving

conmpounds, | ow nol ecul ar wei ght novol ak resin, and usel ess nononer and

ol i goners, such Aghgpolgeanvpislt novlahiesiyudisseimed Pot.cYhatap plipss indh sy

sol ubl e ani c &n Mt fLsL 0 et t 9mibAYE by Qb

resul ti ngﬁgr om St@g%:ﬁf%ge%ofrﬁ tﬁga?(gt% ofaséia?%%egolc%b e |or gan?ycsz IS&FQﬁB'

sol vent : wat er r atherelpf remaving thellowimolereltewalghy ngv@ak ces$ actioor eTthef er abl y

3:7to 7:3, and t preferably 4:6 6: er epy .separat.ing the bottom
| ayer sol ution fggﬁr?@t%fbasﬁ)aﬁen%S”ﬁﬁjC{eao plr‘%réafbg/ WERtS 7% gF't'SﬁF'uWPE?ﬁ' and a
bottom | ayer sol glubR, oRyadict pelar ceNBNt BEd el QRefepdtty DI Sutbr. ashytwo

decanting or by suction; 1 2 4 MAY 2002 -11 d) renoving any remnaining
wat er and water 8BRS 8rcorgAni ergtad IR samer MeRPehanh it & PRYS is

resul ting g rom st&Ro¢dd, siHiSBsdY R)tion or by siphoning, thereby removing more low
molecular weight novolak resin. The high molecular weight novolak resin
in the bottom phase is then separated, such as by distilling under vacuum
to remove residual water and water-soluble organic polar solvent, and the
high molecular weight novolak resin fraction is then dissolved in a
20 photoresist solvent.

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 monoethyl ether acetate, ethylene glycol monomethyl

25 acetate, methyl ethyl ketone, 2-heptanone or a monooxymonocarboxylic
acid ester, such as methyl oxyacetate, ethyl oxyacetate, butyl oxyacetate,
methyl methoxyacetate, ethyl methoxyacetate, butyl methoxyacetate,
methyl ethoxyactetate, ethyl ethoxyacetate, ethoxy ethyl propionate,
methyl 3-oxypropionate, ethyl 3-oxypropionate, methyl 3-

30 methoxypropionate, ethyl 3-methoxypropionate, methyl 2-oxypropionate,

ethyl 2-oxypropionate, ethyl 2-hydroxypropionate (ethyl lactate), ethyl 3-



distilling the solution of novol ak resin under vacuum and | ow tenperature,
addi ng a .high boiling solvent to the novolak resin, and 5 , thereby
producing a filmform ng, fractionated novol ak resin soluti on&;S ﬁl\Yp?@i di ng
an adm xture of: 1 ) a photosensitive conmponent in an anount (L C t to
phot osensitize a photoresist conposition; 2) the filmformng, fractionated
novol ak resin solution resulting from 10 step d); and 3) additional

phot or esi st solvent, and thereby forming a’photoresist conposition; f)
coating a suitable substrate with the photoresi st conposition resulting
fromstep e); g) heat treating the coated substrate resulting fromstep f)
until 15 subst antiadokyprabionafe, phepyhRgixypipidnate, sedtgit-cmpdypboibaatesbst
solvent is renoved; | e-W se exposing the, photosensitive conposition and
removing the i maBEp-RX} @Weawf@%&opr STEEHTEDNYoSNEi 8 NEENCE 188%e abl e
devel oper, such ggiamsagqueous al kal i ne devel oper. Optionally one may al so
perform a baking of the substrate either 20 imedi ately before or after the
renovi ng step. 'S Phe mryerogwention MElBERI IO 0N roFesTHR PREFERRITY a

EMBODI MENTS Novo 0 u j . of .

phot oresi s manuk‘ g‘é?légéjeg'é t&ié’ﬁ%ﬁ?%%egwm%«gmﬁg r'épa’EQRA@%‘f'? at ihéﬁ'lh of
Phenol i ¢ Resi ns" diskolapio\ratAnandSa Hastiphotispe8pranddegh NMaogmaghicewodaakee 1979

in5 Chapter 4. Sim/larly, o-quinape diazides are well known to the skilled
artisan as demonit {ALEENEY"S EPBRYS &t T BVEYEnRIEs roRBEIS © PIOCeSIdRR W ey
& Sons, New Yor Kk prdRemg@ pRéteFesist 4omifewlaYe tontaltfhg isdhad hovdierisiroNTHERS
found that the use of particular resins isolated w thout high tenperature

distillation, asiSpBRBBIST fHa'se o ARjAtesSHOt POIPFiNg seRYONdEgopHdtREs a
phot or esi havi ng; Iy |yt dign:an o} : Wala?

i ngr edi enfds for Pﬁggpﬁ%{?g gggosf%gitgrrg%ﬁstigiafr%ngugfp% ﬁgg{))lrafés%ﬁtﬁ' |@\%¢1’??§ln

i ncl ude col or ant splvdyés), amthaiphetasieasitioer. agent s, | evel i ng agents,

pl astici zers, adhesi oE.I r m)tersri s’o?(ed enhancers, l.ve s anddsuch
surfactants as non-io |'ﬁ E%W%t aNes) \ﬁﬁ”?:%% eoz’gad%e t6 CREVEHIMH i on 15

of novol ak resi nforaeNddhytiéandamé srahyenihdpefiotempiendshetich &sirstreeslrposi ti on
is coated onto a substrate. Exanples of dye additives that may be used
together with t h&T§R6t Frdsidtd compidrthvipiengt Prsdiptedadpiienchy éht i2ohdi ncl ude
Met hyl Vipd et 2BifiRethylphBnoid 28RdinolCnysb@l1 Mstdiol ( ShethiraBRdnol Mafachi t e
Geen (C.I. No. 42000)y, Victoria Blue B (C. 1. No. 44045)" and Neutral Red 20
(C.1. No. 50040) candenratien reagtiopds de@nmalhecgtied|ay é the peeseacorf BRectbnbi ned
wei ght of novol a S itkzesry . The, d ity ; - QVi de i eased
resol uti on by in%ﬁﬁ&&t‘ngu ath c?%g t%(rﬁjl‘nréggféjg}c'ghﬁ?'?egtrﬁg%(ﬁ%s ?%llf'%%
sulfonic acid or sulfuric acid.

In the process of the present invention a novolak resin having a
20 high dissolution rate, and a fast photospeed and superior lithographic
performance in photoresist compositions is obtained. The present
invention provides a process for producing a film forming novolak resin,
which process comprises:
a) condensing (reacting) formaldehyde or its equivalent, such as
25 paraformaldehyde or formalin, with one or more phenolic
compounds, in the presence of an acid catalyst and thereby
producing a novolak resin condensation product, removing
unreacted substituted phenols, such as by distilling the novolak
resin condensation product under atmospheric pressure and then

30 under vacuum at high temperature;



Anti-striation agents may be used at up to about a five percent 25 wei ght

| evel , hased.on the conbi ned wei ght of novol ak and sensitizer. Plasticizers
whi ch may be used include, for exanple, phosphoric acid
tri(beta-chloroethyl)-ester; stearic acid; dicanphor; ponpro&ﬁIUHéZNRceta
resins; phenoxy resins; and al kyl resins, at about one to ten percent

wei ght | evels, based on the conbined melght of novol ak and sensitizer. 30
The plast|C|zer additives inprove the coatlng properties of the nmaterial
and S' 2 0 MAY 2002 -13 enable the application of a filmthat is snooth

and of uniformt cknes to_the,subs a1 hesmnepro liers whi ch, may be
used incl ude, exar?g g a photoresist solvent, then a water e organic polar

bet a(3, 4- epoxy cycl ohexsieht, ehhy | waterephgx¥slyl @ewater,Mes hMé ﬁ'd)\ﬁilé@ﬁ@sﬁf‘t hyl
5 nmethacrylate; vinyl trichlorosilane; and g}am*ra am no-p

triethoxysilane) up t§CRERRRRtAN Broshict east!tingiTiim steava) at aora§@@f§h0tpfﬂ§'3t
conbi ned wei ght of no;éBlv%Kt\ﬁé‘t% SeNHIL | #65 mc'ﬁ%&l QBIWEE&twa?BP%‘F' £8hagges s that

may be used include, for exanp p|cr| aci nicotinic acid or

nitroci nnafi ¢ aci d up prefesabhyu®- 9 -28- @en«i@mreb\xefogmtngl ayaltiorbafsted nomoldR t he
k
o

nbi ned ht of h d.
Fhesorubi 15y of t he et RErSRRRLARREY PRl RRARRR B BB shBrpoced

areas, and thus they #ersisetbp myeppbluﬁamlamﬂSa Wﬁ&ﬁmSIa@@dsd)lﬁtndiﬁ\é@bQﬁﬁﬁnt i's
t he overridi ng consideration even me de ree of contrast may

sacrificed; i.e., whi @MPHBEY é%d@%da%e%‘ C?rﬁB P¥ot ogtolég'PEtOfl@rE%%{?ijng

will be dissol ved norngHbiRKlmPBubie BAYShaRar wéa;rﬁpml&nh@meenw R
al so cause a larger |oss of photoresist coating fromthe unexposed ar eas.

The phot of@si st sol vemsgbesmop@mprr @deneligamemhe syoierad by phesantiegi it by
conposi tion in an anoy . up to 95% by weight of the solids in the 20
conposition. Solvents, otf course are substantially renoved after coating of
t he photoresist syl ut |add|ngnaawateutmilutﬂe eorganic spddsre qoleertt dmcyivmjer Northeni c

surfactants that may be used include, for exanple, enox

ol y (et hyl encoxy) et hERHD BKey SUATLIS ERE I S B 1B OGS F0ssiRei ght
level s, based on the gempldefanri gHlar ﬁlvMWté&kraﬁ@@fSeif(l)stlot1o7-€rpre?e5aﬂ'§le
prepared phot oresi st sol ution, can be applied to a substrate b

conventiondl method ugedl® B3 HROTSHRIEEYRRIY k7 49 7:3.ia1d) Eﬁ‘eﬁh@re&rpé'mfgg to

spraying, whirling ang.$phBreb9alchathtindtR8 boRbm 898t sdiGtion| PEMEAEHB) Grtot he
resist solution can be adjusted with respect to the percentage of solids

content, in order to pwevRyrsscadep dayestsalutiondand melotiam dkeesolutighyendt he 30
type of spinning equi nt 1o for the
Spi nni ng process. Sui It?g%rf ee'ﬁédpligt é"gqgg?aq'ﬁcl E’ @ggtﬁyldcegﬁnt Aﬁrﬁ% %Ur%\{\grq 2 0 MAY
2002 OI14 pol yrrr,r id) resemsyingi :hm;ccoemdinb»g d@)erdap@dvaed |sohmled|ocgen¢te poBalrl [ con)
nitride ntal um copp cer anj tures
Gal 1§ um aPBen; de ana. SoRent EaetMerslig 156 Sompoh A thac i v ek it

coatings produced by tRendgs@inPerd @RI fovdlk resiBaiidef Vhardny aﬁé"lé\@m €
for application to thermally grown silicon/silicon dioxide-coated wafers,

such as are utilized itPMPR@IYPoRIANG BrPNOtorAFiSt BRiYast é& §1er ROVRIRK sineANd
m ni aturized integrat gﬁ’er%h{écgr‘otdu%gp%”?%s forhhdt HALEUAE ] YBVRIAR Qgé.ﬂ'e _

waf er can al so be used. ubstrate may al'so conprise various polyneric
resins, especially traoipanent pol yners

25 The present invention further provides a process for producing a
positive photoresist composition having superior lithographic performance.

The subject process comprises:
a) condensing (reacting) formaldehyde or its equivalent, such as
paraformaldehyde or formalin, with one or more phenolic
30 compounds, in the presence of an acid catalyst and thereby

producing a novolak resin condensation product, removing



10 such as polyesters. The substrate may have an adhesi on pronoted | ayer of
a suitable conposition, such as one containing hexa-al kyl disilazane,

pref erably hexamet hyl disilazane (HVDS). The phot oresi st conpgii hb?gmz
solution is then coated onto the substrate, and the substrateéi‘s ed at
a tenperature from about 70C 15 to about 1100C for from about 30 seconds to
about 180 seconds on a hot plate or for fromabout 15 to about 90 m nutes
in a convection oven. This tenperature tre@atnent is selected in order to
reduce the concentration of residual solvents in the photoresist, while not
causi ng substantial thermal degradation of the photosensitizer. In general,
one desires to ninimzg20d REbARNGENSHHIONSRE $9IeRtRIRNhd RSk st
tenperature treatnent 1s conducted until substantially all” of the solvents
have evaporated and &esihicanderating noddysh aindeesimsespberip @sdstsitmn ,andnthehe or der
of one mcron in thi i bstrate. In a preferred

enbodi nent the temeﬁﬁ?gf\zaqué%orﬂ %gegnlég}ggz to about 950C. The treat nent
i s 25 conduct ed pnti ladting & gihetabsiehaolgentpfthaolaveater reammvelordeaio mosr
relatively insignificant. The tenperatyre and tinme selection ends on the
phot or esi ét pr operti-églr‘]’ﬁggi?% %@r}gf-hef%%féP@ g% \ater: tﬁﬁen%"(ﬁ’?ﬁﬁgﬁ%ﬂf‘ used
and commerci al |y desichR@ers@8bh BebduciRSultihg SropPateBdh) Sathsiatialof prtBrdshgn be
exposed to actinic radiation, e.g., ultraviolet radiation, aF a wavel ength
30 of from about 3008ﬁw1e(\h\eiﬁ@ﬁeiog+@9 argaripoRplarssolvapswater & 1-811e%Brion 2 0
MAY 2002 -15 beam | oliasers radi at [ nﬂw/d e t.rern,
produced by use of s&ﬁfggﬁ%g) %g'lggsﬁgr?ég%ﬁ \a}éé%& (E%M s,a S%Hg'ﬁgt gg,tkgtc. The
photoresist is then opvolekakebip sofyjemshch tpooduchestd esqpusting tleecodiobaki ng
or heat eatnment, either before or after devel o nt The eatin

t enper ath es may rang¥ct /Y %oﬁ?yeéﬁcat@pa%dﬁf SP%%,” ARY & ELPE} éff}%? from
about 100C to about LQon Thadhe@hi Rgnemy, bﬁeCt@Bdlégé@deﬂi@rﬁ dorfpAsakont 30
seconds to about 2 m nutes, nore preferab%y from about 60 seconds to about

90 seconds on a hot pPktien i wisetedPhesolhEaMPRBNYR. Hel ¢BOIRAUIAN WHIEH. 10
The exposed phot or eS'n%Lm%ggrE&@l, %H!?ﬁﬁsfe?és‘ésmaﬁ@mgﬁ\éﬁanggmte iR Vs thel on or

i mage-wW se exposed areas Inmersion 1 n an al kaliI ne evel%dpl ng so

devel oped by a spray de¢egatingorrentsystiociess. The solution is preferably

agi tated,.for exgnpl i e S .t ati e re
al I owed 98 remain i n%ttjﬁgﬁdgv\sé’%%geérh%%icfrg%ﬁ%:,@%érro%gwgﬁt}bgﬁgn a}téﬁ@‘ig |, of
t he phot oresi st coat ibegtomalaydi sslofiore cerhainimgt dfter exgo dn aneastio Deweatasper s

may include aqueous so|lutions of agmmoni um or al kal i, nmetal hydroxides. One
raferred hydroxi de (0PI PRRBEHASEIITRNA Fa G darD By 16 PEISODY of ¢ he
coated wafers from theg ¢egel oRbBGrERIANI QW tPNS, MBYd GRRHHFfer@BlyOPbitghal

post - devel opnent heat treatnment or 20 bake to increase the coating's

adhesi on and cheni cal6:4.d8pebyrreparaiingt tbaibegosvlayei eplstiambiomtsier b3 ipst ances.
Th t= | t t i i th
e R T

coating and substrat w ating S softeni ng poi rial
appl i cations, parti cuhat tgmaoving the tophyeaciuchasdfy decentirgy orchyi ductionini ts on
silicon/silicon dioxi de-t% e 25 substrate thcz detvel 0 %Ee SUbStrat%E may be
Ureated with a O f eredoRIdR S rABRNY G bARS iER SRl P PlRA N Pofie

phot or esi st conposi t isghenefrofNBePbR R layeP $eRtib® Redltthg’ Rsrthst@i ), tstich
aci d-base etching solutions and provide ‘effective protection for the

unexposed phot or esi stascaadistiingeasolgion elenaigirk: legineundgp vacuum and low
25 temperature, adding a photoresist solvent to the novolak resin, and

thereby producing a film forming, fractionated novolak resin
solution;

e) providing an admixture of: 1) a photosensitive component in an
amount sufficient to photosensitize a photoresist composition; 2)

30 the film forming novolak resin solution resulting from step d); and 3)



2 0 MAY 2002 -16 The follow ng specific exanples will provide detail ed
il lustrations of the nmethods of producing and utilizing conpositions of the
present invention. These exanples are not intended, however, t'%olmm boger
restrict the scope of the invention in any way and shoul d not be construed
as 5 providing conditions, paranmeters or values which nust be utilized
exclusively in order to practice the present invention. Ex_anble 1 300
grams of phenolic conmpounds consisting of- ¥ tresol (phenolic 10 conpound)
ratio of 5/412/0.25 using 127.06 grans of mcresol, 101.64 grans of
p-cresol, 64.00 grans of 2,3,5-trinethyl phenol, 7.29 grans of 2nethyl
resorcinol, and 58.9 gddiienabfphetarasist selveetyamd {herdbyr formingoaofhotoresist
phenol s/ par af or mal dehg&g ddifs 70) were transferred to a four necked flask
equi pped with a condenseP, 4 't her nonet er, and a dropping funnel. 0.9 15
grans of oxalic acid Wee¢eimddgsh afudthehe pfdvidds s megraddediot 0 pRRIGeinghes e was

an exotherm which raised the terrgerat re to 110C,. and 20 gr room
t

. a of
tenperature DI wat®¥CAREHEL dgXFet BY RBABENY Ke PERIGE MBS OFrife SFggtatPoWran at

condensatimn for cdatifyir & shitdblé eaabitrile Mwithur e R@eﬁti@%omr@tiéﬂ&&esist_
initially under atnospheric pressure at 175C, then vacuum was 20 applied

and the reacti onCapositieni Thegubiget ORPTREWRPIHES200C and 25mm Hy. After

vacuum di sti| lation, gl 4800 AREAHATRALIEHME drafl ARiELR addpdado mke

approximately a 30% s utron. resin was coo 0 foom
tenperature a sanpl e pasfirale&iehiy/de GPCfdANelineawiin ewaat .or235orgr grienofic
acetone were then added to ke a,624% 25 solids solaigti 9%, (W w) water

42,
(504g) was then added®QBPPYNES24Y, thesiPRESEACEt PlofNaf 2°Ot§£Yé?sa“6éeﬂéer?®f med, a

top layeri@nd a bottopiddayiag. al Neodolk | @¥eT d@siehbitpnestoalidt; Sangligs of
both the siphoned top |ayer and the remaining bottom | ayer were given for
GPC MM neasur enent . @nrgagied gasgivted raepalst SHEh @sebyistiing7thsgpovmak added

o Lhe nesinethyl S0.det st bidd e yndbenolPnbhi sRIALId DRy It of

wat er (252g) was adde orm ers. e top er was ff, a
sanpl e taken 2 0 MAYn@g02cudm &t bighGeeperytueend t he bottom | ayer was

distilled to achieve ~30% sol jds Al.l. GPC data are coppiled in Table 1
bel ow.  Tabl e 1 DELcr i PORBH GPERINGGT Gy S1o0y 8 P 6 S Py of3anic poidr
condensat {®n37064. 501ssltemi piven waayer pretda)iR0B Gvaksr st tHd arivbRRatdsan

(resin/bottom | ayer)44003. 962nd si Bhon | ayer (tog) 141611. 27f i ne tuned
fraction45573.79 5 Pofgeflessatian prpductypputingfiRMmestapl &t 8 ratiasef pjjospresist

photoresi st test sanpkgyy@s M&P@él@glea&%%@ Pslat QollBf-h AL} BMi1081-5:3-7
formul ation: 10 NK-280 (a gr oprietary 2, 1,5- di azonapht hoqui none sul f onyl

chloride based sensi t brederabplyofrNil Fpdh, Zsh tiogpbe. BEmge RKsglbo ef the
PRy 20t SRR DA B SRR S LRI 7S o
gm 15 B128XX- SA ( a pr oo isteas,ya $qpe&yeesbatioararfdr erbottom layer solution, and
then removing the top.layer, which comprises a solution of
unreacted phenaolic compounds, low molecular weight novolak
resin, and useless monomer and oligomers, such as by decanting
* or by suction;

25 c) adding a water soluble organic polar solvent and water to the
bottom layer solution resulting from step b), in the ratio of water
soluble organic polar solvent:water ratio 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, thereby separating the bottom layer solution from step b) into

30 two' layers, a top layer solution and a bottom layer solution, and

then removing the top layer, such as by decanting or by suction;



Ni ppon Zeon Co.) 1.203 gm KP-341, a striation free surfactant from
Shi.netsue.Chem Co. (2% in Ethyl Lactate) 0.004 gm Ethyl Lactate 33.147 gm
20 n-Butyl Acetate 5.849 gm The photoresist resist sanple was coat ed on an
hexanet hyl di si |l azane (HVDS) prined silicon wafer to 1. 083E~m 2,0 MAY 200

t hi ckness, and a soft bake at 90C for 60 seconds on an SVG 8100 I-1i ne 2
0 MAY 2002 -18 hot plate was used. The exposure matrix was printed on the
coated wafers using a 0.54 NA NIKON ft i-1ine stepper and a NI KONO
resolution reticle. The exposed wafers were PEB (post exposure baked) at
110C for 70 seconds on an in line hot plate. The wafers were then devel oped
S using, AZ 300 MyF T%&lﬁftéﬁn@rﬂé’hm@%@rUéﬂd"%t&xbggble 8rg%§|@ olar

devel oper. The deveI oped wafers were exam ned using a H TACH SEM
(scanni ng el ectron ni gelgettose). tha tmitwméaayeddgeul(mér@m &tepr ii)ntsuch B‘BPby in
mllijoules () was a h S d
precisely replicate agg’?@g%qgea%ﬂpg& %Z \th?iﬁgﬁe%hdgn Q acruﬁ%lj(f[ ?O(I:(%ng ( DOF)
in mcronmeters (m crotesnpdrptuye vseidmgmafgmrtuﬂlr@mblmtcsﬁwovpfak'lfabheamﬂ)
Exanpl e 3 Jhe condensgtign re n|n xa le 1 ated usin 500 15
grams of phenolic con‘g’(%?‘n S ﬁ’rﬁg?‘%@g rat ! "B ﬁl\% W‘?%%Zf@ vqlak o f

net a cresol 175. 32 gs@lasof para cresol, 55 19 grans of

2,3, 5tr|nethylphenol 50, 32 granms of 2- neth | resorcinol, 96.56 grans

par af or mal dehyde@ér esBIaViding RpdadrixHre gofy 1>aﬁ1@h9t0§e@$'§\f?scempe&%n ip a’id as
the catalyst. After c n gr ans
of ethyl lactate wer egg%gms%melgpg\q/t?cﬁ%b %h%/'oﬁis%%l 82&2568&1%%&)0%9% %Zarrp | e
was taken for GPC- Mhe3fitn ®rovrgndrastionaied cewolakrresinheatutipddedultiog getm a 24%

;S)?loi/idZeS? et Izogepl?gtnef%?oda andgﬁ&ﬁ' éh 1§'{8e\{¢o}é@s'S‘?ﬁgw?étgtanweﬁﬁtgg%?%@ég% again

foll oned exanmple 1 w bhotaresa?qmbombsnabe, anounts 25 of the second acetone and

wat er additions. ,The GP is shown in_ Ta MAY
2002 -19 Table 2"Descf? trigor?Gf’é't%}ﬁAﬁP f%‘be\”grﬂtS?@ar‘?BPgr%FﬁtePompos'f'on

condensat i on43622. 461 rsduitigRiin stepyedr (top) 25271.811 st fractionation
(resin/bottom | ayer)60142. 84r esin i soI ated from 2nd si phon | ayer after
distillation (tof)392ngatudicahes tiifeerdtpdctylsiaB2 19sBUNE@ApI e A) 180 gr am
phot or esi test sanplg,Was

formul ati ?)ér’l NK- 280 (agg? oprldgg/%%l’fg%ﬁéﬁ%él %Rggﬂgﬁuﬁﬁ%ﬁggu \c/)enntlls

chl ori de based sensi t raesvdd; anmadé- p@me@emg@b}zwo(b'segsmre @arBpdsition and

proprietary 2,1, 4-di azonaph%%qw nagnesul f on de, based enmb\gﬁzes
Prom N ppon zeon Co. ) RGNt TAUGTRe muSfRFd 8t PLAT B TR
320. 313 gnPyrogal | ol &higbI&N dévetdpeeo. hch9 agMBh26usduy Dkadinepubediapsr. speed

enhancesfrom N ppon Zeon Co.)3.61 gnkKP-341, a striatiaon free surfactantl15
f rom Shi net sue Chem @Pt'o(‘@“% PR E?%Yy?'sﬁa‘t?c’f&fr@)i‘)béﬁ'ﬂgd}?ﬁf‘ﬁﬂ-'bité%?aﬁ'@gé 44

gm- But yl pdcet at e17. Sn@RYiately before or after the removing step.



The photoresist resist sanple was coated on an HVDS prinmed 20 silicon wafer
to.a 1.083E~-mfil mthickness, and a soft bake at 90C for 60 seconds on an
SVG 8100 I-line hot plate was used. The exposure nmatrix was printed on the
coated wafers using a 0.54 NA NIKON i -1ine stepper and a NI KOROr M&%12082 on
reticle. The exposed wafers were post exposure baked at 110C for 70 seconds
on an in line hot plate. The 2 0 MAY 2002 -20 wafers were then devel oped
using AZ 300 MF TVMAH (2 38% devel oper. Tie.devel oped wafers were exam ned
using a HITACH ~I S400 SEM A nom nal dose (DTP) was neasured at the best
focus, the dose required to precisely replicate a given feature. Resolution

and depth 5 of feauscRIPEFHONEESHERPREFEREY BVRESpRAeNRsi n Tabl e 10.

Exanpl e 5 The condensation reaction 1 n exanplie 1 was repeated using 150
grans of cresols in thevelakiresiof havdbeL0.c2hmarthusdd & theaars obphateteaistr esol
10 50. 8 grans of r resal , 32 grams of.2 3 5-trinmethyl phenol, 3.65 grans
of 2-met hyl resorngalannug &U?Q% eg’ﬁﬁgﬁr@h%g‘rsr% oﬁ?W'é@%i&‘g?&@@ﬁ?%ogéjﬁiﬁ@é’ﬁi/ 0.7),
and 0. 15 granms ofRexxal'j KnagiAd &ed @cyisib, VAL tSpringendensgt New s, 1979 in
distillation, at 180C, 330.75 grans of ethyl |lactate re added to achieve
a 30% sol i%s sol OtapE" n@'ﬁ‘"@i‘r@?'@”iﬁ&é‘etﬁgaﬂ@ &fe G%%W” 1% they skibedyr ans
of methanol wer e Jrem asdRethdRtraRld By Z'ﬂ%%@éngﬁvé@}ﬂérﬁ’é“; KH3gn 25404 9rams
(42.9%vw) DI water were added to provide the 2 separate top and bottom

| ayers. The rest V¥ifex fe Sonsc ey atrikn 1061 Ghepieexahpl Eowvewpt Hhapipstpiti at el y
di fferent anount ; r AN : C- MW
ta e cpart n%qs}a%fbr\ltléﬂinaggﬁg@v&jtr%tt%g% og’agrt?é%? o A bl aP8P witdSf KK

Descri pt i onGPC- MigvRpéradlire pdistliatipsams| eppddeer ta dnakensatghd nA5Bie4 BAS astt

si phon layer (top)1l4613.181 st fractionation(resinlbottomlay 32494. 432nd
2t bhon 1 afBr (1 omredibdsihadesish Bviod A pairaRso e el n B LRIk
condensati on reacti onQgplicfXdngredichts\@s theprsbrdist 8bmPoSMEhs25 tBE rdscpf
cresols in the ratio of 5/41210.3 with 126.44 granms of neta 4 ' . -21 20
MAY 2002 cresol, fovENiggriaptdecopipnis c A¥ed| antdrigiipry agamts ofeveling agents,

2,3, 5-trinethyl phendbizers, adhesion promoters, speed enhancers, solvents and such

surfactants as non-ionic surfactants, which may be added to the solution

15 of novolak resin, sensitizer and solvent before the photoresist composition

is coated onto a substrate. Examples of dye additives that may be used

together with the photoresist compositions of the present invention include

Methyl Violet 2B (C.l. No. 42535), Crystal Violet (C.I. 42555). Malachite

Green (C.l. No. 42000), Victoria Blue B (C.I. No. 44045) and Neutral Red

20 (C.I. No. 50040) at one to ten percent weight levels, based on the

combined weight of novolak and sensitizer. The dye additives help

provide increased resolution by inhibiting back scattering of light off the
substrate.

Anti-striation agents may be used at up to about a five percent

25 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; dicamphor; polypropylene; acetal

resins; phenoxy resins; and alkyl resins, at about one to ten percent

weight levels, based on the combined weight of novolak and sensitizer.

30 The plasticizer additives improve the coating properties of the material and



8.71 grans of 2-methyl resorcinol, 57.63 grans

par.af or pal dehyde(cresol /al dehyde 1 /0 69), and 0.9 grans of oxalic acid
catal yst. After condensation and distillation, at -180C, 658 g&au? %@?5
ethyl lactate were added to achieve 30% solids) and a sanple % for
GPC- MW 205. 82 grans of Methanol were then added to get a 24% solids
solution. Then 449.29 grans (41 %% w) D water were added to get the 2

| ayers. The rest of the process again foll¥wed exanple 5 with just

di fferent anounts of the second nethanol and water additions. The GPC 10 MV
data is shown in Table 5. Table 4 Descri pti onGPC- MMWPol ydi spersi tysanpl e
after condensati en3d86He applictiosiopadiml tagieis sfham) 20d 94 uBBdrmsthickness to
fractionation(resi Lg@tt m | ayer) 39444. 602nd si phon | ayer (top)4812.79fi ne
tuned fracti on39484° arrpl e 7 15 Exanple 6 was repeated with a phenolic

compound (mcresol, paERSHdn pdnIotbrstwhis® iyl bedisatheluaa doRex@hhy | beta-
resor cinol) ratlo of 514/2/0.35 and a cresol paraformal dehyde rati o of

11 0. 69 using the 335’(%PX%SMHP'E‘?’HH@%HH'%%W%G ‘wat &rMaRY-AsitReG-rethy!

fractionatg on. IQ%t a a\f@/lShOFHEhIBRJs%‘hé N Taphe JjangRa-amindphpy) 2002
-22 Table 5 Descrl pt | onGP | ydi spersitysanple after

condensat i on41978ieg®ixysiansg, gmﬁma@qﬂ a 4 percent weight level, based on the

(top) 28783. 22_15t HBH dOQ\?etl hﬂn(ogSi&}\%J %ﬁt@@%ﬂ%ﬁggyfg% Vg%%ﬂ% SI ?‘2 | ayer

(top) 6892. 66f i ne Y Une fra on eat ed
usi ng the same ceesaiceandhd pay dfeousad treludde fo@bxamplAf behccmltdemwmtcon,
however, a m ni nrum anoynt ,of et h I act qt et@@(ﬁramé}lo{y by ht of the

resin) was added@CHRE Wté%q”?f‘aé’%la PergRRf Weight '% B[EARN on

became vefrqy thiclhe &ﬁab.aé@we@tt dmbbaaralana@reasm&edme@er@qts@n@eraft%@@ i ds
solution. 329.1 grans of the resin solution were transferred to anot her

flask and 10 28%N&re@skathersolgpditaafithe plotpresist geatingeindaile Mg gxreosedpanthd

bottom | ayers. d of
both the resin/ bgﬁ?%&glega%frgg%v%@tﬁggglégﬁgre {‘%e"gﬁ‘ "E?‘WS%@ESW&
anal ysis. Then 1Hd2vé¢lbpmest isrtht @demdmgnd:orrsidetmtdmmdn thnugﬂneomteatetgrarngof
sol ution was added to redissolv t he am)up@“enr tart ng

nater vas addad sentebtimy 58 Satfichi o SR Eng cxtot T Ras 8 Trgsishp - and

bottom | ayers. Theatirp Wiy disivetphenedyuiddly and tie &@mbgerwamet ake&dy f or
GPC MMWw. Ethyl |actate was added to the remaini n%]rem n/ bottom | ayer and

the dissol ved re§NRaR@SUMIoASQLLVEP st 13TPeU %P FoRDARESEE fRPIRY {'8™ Hifbve
residual water agﬁ peidaanpbag and to achieve the correct %solids. The GPC
MMW data 20 are shown below i'n Table 6.

The photoresist solvent(s) may be present in the overall photoresist

composition in an amount of up to 95% by weight of the solids in the

20 composition. Solvents, of course are substantially removed after coating
of the photoresist solution on a' substrate and subsequent drying. Non-
ionic surfactants that may be used include, for example, nonylphenoxy
poly(ethyleneoxy) ethanol; octylphenoxy ethanol at up to about 10%
weight levels, based on the combined weight of novolak and sensitizer.

25 The prepared photoresist solution, can be applied to a substrate by
any conventional method used in the photoresist art, including dipping.
spraying, whirling and spin coating. When spin coating, for example, the
resist solution can be adjusted with respect to the percentage of solids
content, in order to provide coating of the desired thickness, given the

30 type of spinning equipment utilized and the amount of time allowed for the

spinning process. Suitable substrates include silicon, aluminum,



~~, . 2 0 MAY 2002 -23 Table 6 Descripti onGPC- MWPol ydi spersitysanpl e

af ter condensati on32073. 481 st siphon |ayer (top)14152.301
st.fractionation(resin/bottom | ayer)44564.232nd si phon | ayer

(top) 12921. 82fine tuned fracti on47663.53 Exanple 9 The renai ni%& MAY 2002
resin/bottomlayer fromexanple 8 was 5 distilled at 75C and 25mm Hg to try
to renove the nethanol. The solids was checked in ethyl |actate and then
adjusted to 30%solid in ethyl |actate by1addi ng additional ethyl |actate.
212 granms of nethanol were added to provide a 24% solids solution. To this
new resin solution 38% (ww water was added to provide 2 separate top and

bottom | ayers. ThalymBri¢ aBsihay ellicamsdiGlighonsseDisflicandiicad®| sifcomeharidaken
fromboth top and bottom |l ayers for. GPC MMW. 112 the original anount of

met hanol was add@ataémt hePRPChy | PAI¥dCale FYIMFSHoPIGHIY BFEPPRINAIHERS.11 2 t he

original amunt ?ﬁllid?‘ﬁta?sren\f@?a@cﬂgﬁgrE@crpé%{quﬁ/\lzcéﬁH&fr%tse top and bottom
| ayers. The top Tayer was siphoned off and a sanple was taken for GPC MN

15 Ethyl |actate was HudepteEsisheortgisrproducashby Hpedesgribled pwceddiesael ved

resin wasgdi stil 5C. r i L er hanol ,
and to achi eve t‘k%q%%%?%c%'t%%oﬁmp%%%&mr@?a%@en ‘é‘%@)c\%ﬂ%le tcr)’w in
Tabl e 7. 2 0 Mhyxidew@datedd Watbtse Suddesas i ptei aniGR Midwdiod ypiosipeticsi tgfsanpl e
after condensati on32073. 481 st s'hphon i @%.er &ﬂggp%FMOl. %51

st.fractionati on{tESNRFESPIOAY QYEF TUYAE5299 SGHkUI gorgponents. An

(top) 14261. 35f i nguiiiedlafunast moRd@D AAf@0c o arBl e L8edx amel sutltrags nigpeat ed
with a phenolic conpound (mcresol, p5 cresol, 2,3,5-trinmethyl phenol, and

2-met hyl resor ci f6P)Coparise oSS NOYNErS EasiNsa cepeddlly HardrR IRy Ee rati o
of 110.6 usi ng e, ndy 'Qnﬁ ) ; for
fracti ongt% i on. G%g?‘ I\ﬂﬁ(ag(%sattggf Ce}h}ﬁlelo S g\%nrédg‘é?;.ﬁ\)ﬁ(l%wﬁgtﬁ@ é@é_p\@g%@gqg)der

Descri pti onGPC- MivPaluitalbls pnsdsiteanmpleh aktare coridiemgabé x@rBb4 28siBZanst

si phon | ayer (to 1213.221 s racti onat,|l resin/ bottom | ayer)

' 44303. 902nd si pﬁp&ﬁerﬁgyé‘rex??ﬁh)yg%ﬁ .@@Fﬂh%ned fraction44433.80 Exanpl e
11 Exanple 6 was repepiephatdrBsist RBAPREIIEN COMPIMMGs (tRe6r @8tdd dii6 egel |
2,3,5-trimethyl phenol, and 2-nmethyl resorcinol) ratio of 5/41210.35 15 and

a cresol par af or At¥eHRy FEdrheisybeirale/ip lisgtagsping 1eReralaR frOBLARRY! Bh& and
38% (W wywat er wag,RAde8od - FoAGbbaNsH EbndsRE Wi fiRF ecdh8s BRARotbel ow

in Table
plate or for from about 15 to about 90 minutes in a convection oven. This

temperature treatment is selected in order to reduce the concentration of
residual solvents in the photoresist, while not causing substantial thermal
degradation of the photosensitizer. In general, one desires to minimize
20 the concentration of solvents and this first temperature treatment is
conducted until substantially all of the solvents have evaporated and a thin
coating of photoresist composition, on the order of one micron in
thickness, remains on the substrate. In a preferred embodiment the
temperature is from about 850C to about 950C. The treatment is
25 conducted until the rate of change of solvent removal becomes relatively
insignificant. The temperature and time selection depends on the
photoresist properties desired by the user, as well as the equipment used
and commercially desired coating times. The coated substrate can then
be exposed to actinic radiation, e.g., ultraviolet radiation, at a wavelength

30 of from about 300 nm (nanometers) to about 450 nm, x-ray, electron



2 0 MAY 2002 -25 Table 99 Descripti onGPC- MWWPol ydi spersityl st siphon |ayer
(top)29632. 111 .st fractionation(resin/bottom | ayer)43652.412nd si phon | ayer
(top) 7551. 46fi ne tuned fracti on45402. 40 Exanples 12 to 15 Exanple 4 _was
repeated with resins fromexanples 8, 9, 10 and 11 5 to for m# &iNAY 2002

phot oresi st conpositions as exanple 4 to create exanples 12 to 15. The
photo |ithographic evaluation data are shown in Table 10. Table 10

Exam~l _eResin From DTP nj Resol uti on ynDOF {2 Exanpl e

11650. 34(-. 81 0. 4) 4Exanpl e 32250. 32(-.1.10. 2) 12Exanpl e

82050. 32(-1.01-0. 25) 13Exanpl e 91600. 32(-1. 0/ 0. 25) 14Exanpl e

101500. 32( - 0. 8/ 0 b2ptskorabphem driﬂal;@ﬂraiﬂzéticm 8h Gn®2)deked graptarratprodudedanpl e 300

grans of phenolic _conpounds copsi sti 0 soI atip 5/412, using

130. 26 grams of H}S%rogg‘é' a,bqelﬁ‘i’.sg ﬁ@vg%sr SE”&?%E 8% grans of
2,3,5-trinet hyl phenoirhemt&as@msgltmopfompaémdmécd%néd@émb%osruaéi o of
phenol s/ par af or mal dethe 110.70) were transferred to a four necked_15 fl ask

equi pped with a €6 Rfng gr Pﬁ%‘r%ﬁ%’@?@? cithgrPe{ong e § ey eIRBE c oht&i ni ng

100 grams of DI waheh teQn&rgﬁﬁé@ Ray®4ae Groff hBo @Byl anks 126 drpd the
flask was heated to There was an exothermto 112C and ~22 grans of DI

wat er were addedptefe@(bﬁbémm ok JOABE Mo absutp 11RC.2000e - Ix@timaemegalet i on
ran at condensat | ga. ot RS SnolD LSARKLOD BRI LB AOEh e o0,

initially under & pressure n
t he reaction was frdmsbbédt@ﬂ) §embnc’ll§)to“nammﬁ) sdcon 08 En aniebt Ilataor Hgou 8o &5

vacuum di still ati 8out H}mmu gé lrr1] g/\r@osvecnool ed to 180C and

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

15 substantially all, of the photoresist coating has dissolved from the exposed
areas. Developers may include aqueous solutions of ammonium or alkali
metal hydroxides. One preferred hydroxide is tetramethyl ammonium
hydroxide. After removal of the coated wafers from the developing
solution, one may conduct an optional post-development heat treatment or

20 bake to increase the coating's adhesion and chemical resistance to
etching solutions and other stibstances. The post-development heat
treatment can comprise the oven baking of the coating and substrate
below the coating's softening point. In industrial applications, particularly
in the manufacture of microcircuitry units on silicon/silicon dioxide-type

25 substrates, the developed substrates may be treated with a buffered,
hydrofluoric acid base etching solution. The photoresist compositions of
the present invention are resistant to acid-base etching solutions and
provide effective protection for the unexposed photoresist-coating areas of
the substrate.

30



5 661.5, grans of ethyl |lactate was added to nake a 30% solids solution. A
sanpl e was taken for GPC MMv. After the resin solution reached room
tenperature, 236.25 grans of acetone was added to make a 24% soI i ds
solution. To this resin solution, 40% (ww DI water (472.59), 2 Q\MAY 2002 o
under stirring. After all the water was added, the stirring was stopped and
10 the solution was allowed to settle to formtwo separate top and bottom

| ayers. The top |ayer was siphoned of f (99$.-6g1). Then one half the
original anount of acetone (141.75g) was added to the resin/bottom| ayer
and it was stirred. One half the original anount of water (236.25g) was
added under stirring The ffawindg eneaiiz exepmies wilt ppvidadebaied dmstratiersof Aft er

Erhyl 1 actate wad eadiaieds T niobBenh ol (el o B e Aok ectile on

was vacuum di sti investiort. Thé&seaaxhraplesmardigot mtér&mmv@oweeerdu:ahmwaireéstnatcetone,
and to achi eve a_ 30% sol |fd%sol ution, The I\QZ/\W of the resin was 3876 and
6 ADEAHE

the dissol ution &t ¥9REsC BRI B‘r@?%é’é‘y toF &8 <@nsifyed

formul ated as i npRYRIAY ecohddfs! tpaFambidi®Ib@RAIRsPRVHIGH TRmste b\é’a%tnﬁz"érd wor se
than any fractionated resin accor di ng to the present invention shown in

exanpl es 2, 4, af¥rlusvelyimaeyder topracticethg prasent gyention. WHAT WE DESI RE TO

CLAIMIS: 1. A nmethod for producing a filmform ng novol ak resin by a)

condensi ng fornal dehyde with one or nore phenolic conpounds, in the

presence of an acid catalyst and ther elBxapipdeldici ng a novol ak resin

condensati on product, d the r.eno unr eact ed, subs |tute genoll
pleohs S

conpounds; b) adding rhetno %F RPUNSHEANSISURA O Pcé%sloub €8?ani ¢

pol ar solneent, aG&nP@jrﬁﬂ ﬁaﬂotheS/ﬂQV@bBKJsJ’ngS|1Q7 O@tg@n{sabﬂ ﬁh&%scﬁthU@r&S' st
sol vent : wat er sol ubl e organic pol ar solvent:water of 1-9:1-5:3-7, thereby

formng a sol uti BW"b?OftFPTérE%%\/@FQ@ gramsmf@@%ééﬁ@athybahqs}obdu@ gEAfes SePrar at i ng
the solution intmotip baeins), shd BRoSGlld B chfifSimaAfithyBe A AB! 4 | on

| ayer, and then renoving the top |aye Ing a wa er sol ubl e organic

pol ar sol vent andhavaﬂa‘partatﬁormwemyﬂeddﬁ V@)y\aerestMrlefermd toeniuninegkef fask st ep

b), in the ratio_of. wate e Qroani ovetwate a] of 1:10
1apsh) 8

D 101 e ebyeuped Hitno? bR S MR BP0 Bohiis hto two

| ayers, a8 op sobtHmsf d)@}‘!ébcﬂﬂder@ deokt @i Aaskowas aysted t@pBe°a. ha?ﬁerreermw ng
the top layer; d) renoving any remaining water and water sol ubl e organic

pol ar solvent fr ﬁ?‘tarﬁ‘ee’ﬁ’é*i“frmn"ﬂﬁ%@'?eé%%etﬁeH@eF?tHFﬁ & E1P°6) andr@ 9TRETSeby

of room temperature DI water were added to combat the exotherm. The

reaction ran at condensation for 3 hours. The reaction mixture was then

distilled, initially under atmospheric pressure at 175°C, then vacuum was

20 applied and the reaction was distilled for 5 minutes at 200°C and 25mm
Hg. After vacuum distillation, at ~180°C, 658 grams of ethyl lactate were

added to make approximately a 30% solids solution. After the resin was

cooled to room temperature a sample was taken for GPC MWy
measurement. 235 grams of acetone were then added to make a 24%

25 solids solution. 42.9% (w/w) water (504g) was then added to the 24%
resin solution and 2 layers were formed, a top layer and a bottom layer.

The top layer was siphoned off. Samples of both the siphoned top layer

.__and the remaining bottom layer were given for GPC MW,y measurement.

t 1/2 the original amount of acetone (117.5g) was added to the resin/ethyl

30 lactate and stirred. Then 1/2 the starting amount of water (252g) was

added to form 2 layers. The top layer was siphoned off, a sample taken



producing a filmfor

m ng,

fracti onated novol ak resin sol ution.

2.

for. producing a positive photoresist conposition having superior

| i t hographi ¢ performance conpri sing:
nmore phenolic conmpounds, in the presence of an acid catal yst 2ridMAY
produci ng a novol ak resin condensati on product,

substituted phenol s;
organi ¢ pol ar sol ven
at a | n.

A net hod

a) condensing formal dehyde with one or

y

removi ng unreacted

b) addi ng a photoresist solvent) then a water soluble

t,

wat er

and water to the notbl ak resin condensati on product,
2 0 MAY 2~2 28 ratio of photoresist solvent:
organi ¢ pol ar solvent:water of 1-9:1-5:3-7,

sol ubl e

thereby formng a solution of

the novol ak resi forc@rdemeatdrentherasivet 138 weepastaibl ng athieve ol3ut) emidsnt o two

| ayers,

organi ¢ pol ar sol ven

t:water

a+ K

a top layer_solution and a bottomlayer sol ution,
the top |ayer; cyM&HREAMVa daieére somatdkingl
the bottom solution remaining after step b),
ratio of 1:10 to 10: 1,
bottom | ayer solution fromstep b) into Is®ellayers, a top |aye

P ha oo |

r s
&

and a bottom | ayer
any remaini ng wat er

Lt . PN PN
COC .U At c et 1 ©

aASPSHRIAR sl ubl e or

G pvar
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producing a filmfor
an adm xture of: 1)
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a photosensitive co
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Sol ufyigpn, €
)_anpunt suff

phot osensitize a pho

t st siphon laysmitos) ti on

2) 2078 fil{

nforﬁﬁ@g now

solution resulting f

thereby formng a p
sem conduct or devic
sui tabl e substrate
met hod conprising: a

RRNT S TIR

npositio
(pysimbodsrailagra phot

‘ddi%iﬁ?ﬁl—ﬁr
n. 3. nmet hg
b-1 mage on a

ht v ~coc of <
TUT U1 > L
nd fo?iﬁroduc

substrat e by

wor ki

2ndosinlensiang” temal ds

ha-nhot oresj ¢

bhydel48 h of

t coppositig

e or hdfe pH

conpounds, in the pr

T Re@ fraftbrAcl 0 Ca

at ysiggd T

novol ak resi n conde

sati on product, and {

er ebg.—{-@r odurt

hen renovi ng

unr eact ed

phenol s;

by addi mhaliigpeedigr-esvVel/Mehvent ,

and then renoving

i &e{9¥-ar sol vent and water to
in the ratio of water soluble
t hereby separating the

ol ution
renovi ng
t her eby
provi di ng
icient to
ol ak resin
| vent, and
ing a
coating a
n said
enolic
ing a
ubstituted

then a water soluble organic

pol ar solvent, and water to the novol ak resin condensati on product, at a
rati o of photoresist solvent: water soluble organic polar sol vent:water of
1-9:1-5:3-7, and thereby form ng a sol utifnnefy the

A 50 gram photoresist test sample was prepared according to the

following formulation:

10 NK-280 (a proprietary 2,1,5- diazonaphthoquinone
sulfonyl chloride based sensitizer from Nippon Zeon Co) 2.02gm
NK-240 ( a proprietary 2,1,4-diazonaphthoquinone
sulfonyl chloride based sensitizer from Nippon Zeon Co.) 0.84 gm
hbvdakReﬂnﬁadbnfmnnmémMe#1 6.80 gm
15 BI26X-SA ( a proprietary speed enhancer from
Nippon Zeon Co.) 1.203 gm
KP-341, a striation free surfactant
from Shinetsue Chem. Co. (2% in Ethyl Lactate) 0.004 gm
Ethyl Lactate 33.147 gm
20 n-Butyl Acetate 5.849 gm
The photoresist resist sample was coated on an

hexamethyldisilazane (HMDS) primed silicon wafer to 1.083um film

thickness, and a soft bake at 90°C for 60 seconds on an SVG® 8100 I-line



~\ v 2 0 MAY 2002 29 novol ak resin condensati on and separating the
solution into two layers, a top solution |ayer and a bottom sol ution | ayer,
and then renoving the top layer; c) adding a water sol uble organi c pol ar
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Example 3

The condensation reaction in example 1 was repeated using 500

15 grams of phenolic compounds in the ratio of 5/4/1/1 with 218.15 grams of
meta cresol, 175.32 grams of para cresol, 55.19 grams of 2,3,5-
trimethylphenol, 50.32 grams of 2-methylresorcinol, 96.56 grams
paraformaldehyde(cresol/aldehyde 1/0.685), and 1.5 grams of oxalic acid

as the catalyst. After condensation and distillation, at ~180°C, 1096

20 grams of ethyl lactate were added to provide a 30% solids solution, and a
sample was taken for GPC-MWy. 322.8 grams of acetone were then

added to get a 24% solids solution. Then 860.04 grams (46.5%w/w) DI

water were added to provide the 2 separate top and bottom layers. The

rest of the process again followed example 1 with an appropriate amounts

25 of the second acetone and water additions. The GPC-MW,y, data is

shown in Table 3 below:
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NK-280 (a proprietary 2,1,5- diazonaphthoquinone

sulfonyl chloride based sensitizer from Nippon Zeon Co)

NK-240 ( a proprietary 2,1,4-diazonaphthoquinone

10

sulfonyl chloride based sensitizer from Nippon Zeon Co.)

Novolak Resin fraction from example # 3

Pyrogallol from Aldrich Co.

BI26X-SA ( a proprietary speed enhancer

from Nippon Zeon Co.)

[

KP-341, a striation free surfactant

15

from Shinetsue Chem. Co. (2% in Ethyl L

Ethyl Lactate

n-Butyl Acetate

20

actate)

26.07 gm

2.51gm
20.313 gm
0.49 gm

3.61gm

0.012 gm

99.44 gm
17.55 gm

rtl,;gargd ac ordmg%U] ]‘ca] chal

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 reticle. The exposed wafers were post

exposure baked at 110°C for 70 seconds on an in line hot plate.

The
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The condensation reaction in example 1 was repeated using 150

grams of cresols in the ratio of 5/4/2/0.25 with 63.5 grams of meta cresol,

10 50.8 grams of para cresol, 32 grams of 2,3,5-trimethylphenol, 3.65 grams
of 2-methylresorcinol, 29.5 grams paraformaldehyde(cresol/aldehyde

1/0.7), and 0.15 grams of oxalic acid catalyst. After condensation and
distillation, at ~180°C, 330.75 grams of ethyl lactate were added to

achieve a 30% solids solution, and a sample was taken for GPC-MWy.

16 115.5 grams of methano! were then added to get a 24% solids solution.
Then 252.04 grams (42.9%w/w) DI water were added to provide the 2

separate top and bottom layers. The rest of the process again followed

example 1 with appropriately different amounts of the second methanol

and water additions. The GPC-MW,y, data is shown in Table 7 below:

20

« Table

Description GPC-MW,y, | Polydispersity

sample after condensation 2587 4348

1st siphon layer (top) 1461 3.18

1st fractionation(resin/bottom layer) 3249 4.43

2nd siphon layer (top) 516 2.21

fine tuned fraction 3341 3.36
Example 6

The condensation reaction in example 5 was repeated using 300

25 grams of cresols in the ratio of 5/4/2/0.3 with 126.44 grams of meta
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cresol,101.16grams of para cresol, 63.69 grams of 2,3,5-trimethylphenol,
8.71 grams of 2-methylresorcinol, 57.63 grams
paraformaldehyde(cresol/aldehyde 1/0 69), and 0.9 grams of oxalic acid
catalyst. After condensation and distillation, at ~180°C, 658 grams of
5 ethyl lactate were added to achieve 30% solids, and a sample was taken
for GPC-MW. 205.82 grams of Methanol were then added to get a 24%
solids solution. Then 449.29 grams (41%w/w) DI water were added to get
the 2 layers. The rest of the process again followed example 5 with just

different amounts of the second methano! and water additions. The GPC-

10 MW data is shown in Table 5.
Table 4
Description GPC-MW,y | Polydispersity
sample after condensation 3136 4.76
1st siphon layer (top) 2179 4.23
1st fractionation(resin/bottom layer) 3944 4.60
2nd siphon layer (top) 481 2.79
fine tuned fraction 3948 4.89
Example 7
15 Example 6 was repeated’ with a phenolic compound (m-cresol, p-

cresol, 2,3,5-trimethyl phenol, and 2-methyl resorcinol) ratio of 5/4/2/0.35
and a cresol paraformaldehyde ratio of 1/0.69 using the exact conditions
and 40% (w/w) water was added for fractionation. GPC MWy, data are
shown below in Table 5.

20
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Description GPC-MW,y | Polydispersity
sample after condensation 4197 3.86
1st siphon layer (top) 2878 3.22
1st fractionation(resin/bottom layer) 5465 3.92
2nd siphon layer (top) 689 2.66
fine tuned fraction 5517 3.41

Example 8

Example 7 was repeated using the same cresol and

5 paraformaldehyde ratio. After condensation, however, a minimum amount
of ethyl lactate-28 grams(10% by weight of the resin) was added. The

resin cooled very quickly, and the resin solution became very thick. 868

grams of methanol were added to make a 24% solids solution.
329.1grams of the resin solution were transferred to another flask and

10 28% wiw water was added to provide the 2 separate top and bottom
layers. The top layer was siphoned off and a sample was taken of both

the resin/bottom layer and the siphon layer (top) for GPC MW,y analysis.

Then 1/2 the estimated amount of methanol in the starting solution was

added to redissolve the resin. 1/2 the amount of starting water was added

15 to the resin solution to provide tr’1e 2 separate top and bottom layers. The
top layer was siphoned off and a sample was taken for GRC MWy. Ethyl

lactate was added to the remaining resin/bottom layer and the dissolved

resin solution was distilled at 75°C and 25mm Hg to remove residual water

and methanol, and to achieve the correct % solids. The GPC MW,y data

20 are shown below in Table 6.



4@0%&' ()-F &3MLOY&' () -3

11098 ()« Bl OLTLI 1 JCK_=dV7! ! | Rk! 10%4H8 () -!) k! 10%4H& () - k! 10% & () -

10948 () - 10%4& () - LS@ 0% () - 5 ,

OKKK! LAMVNG Y7dV71 11T $1 10% Hi H&' () - M $! 109%6H& () - M <! 10%He () -2 1 W22 ()
8&10%4&' () - ! #k! 10%H& () - NPPPPPPPPOP1 10%&' ()- L$10%& ()-!" 10%\ & ()-M 10HH
10HH 10HH! $! 10944H& () - M $! 1094HH& () - MP<QZQR RVRR} A?0P1  &109%& () -z

f10%&' ()- MLOY&' ()-!S3& 10%&' ()-z Y 10%&-2$-! Q 3 y10UXX&' () - RS6SWSSS* Th@P1
| # 1109 ()-zS10% ()- 109 ()- f10%& ()-f

f10%\ & ()-f9! 10%&' ()- ~TTUMUNUOUPUTUaU~ @ $, 10%&' ()- 9y10%&' ()- 10 10

103! 109& ()-!$! 109& ()- @10% () - alf UUTMWIEH#z[ 9~ @ <! 109& () -F

Description GPC-MW,y | Polydispersity

sample after condensation 3207 3.48

1st siphon layer (top) 1415 2.30

1st.fractionation(resin/bottom layer) 4456 4.23

2nd siphon layer (top) 1292 1.82

fine tuned fraction 4766 3.53
Example 9

The remaining resin/bottom layer from example 8 was

5 distilled at 75°C and 25mm Hg to try to remove the methanol. The %
solids was checked in ethyl lactate and then adjusted to 30% solid in ethyl

lactate by adding additional ethyl lactate. 212 grams of methanol were

added to provide a 24% solids solution. To this new resin solution 38%

(w/w) water was added to provide 2 separate top and bottom layers. The

10 top layer was siphoned off and samples were taken from both top and
bottom layers for GPC MWw. 1/2 the original amount of methanol was

added to the ethyl lactate resin/bottom layer and then 1/2 the original

amount of water was added to provide 2 separate top and bottom layers.

The top layer was siphoned off and a sample was taken for GPC MW.

15 Ethy! lactate was added to thé resin/bottom layer and the redissolved
resin was distilled at 75°C and 25mm Hg to remove residual water,
methanol, and to achieve the correct % solids. The GPC MW,y data are

shown below in Table 7.
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Table 7
Description GPC-MW,y, | Polydispersity
sample after condensation 3207 3.48
1st siphon layer (top) 2940 1.95
1st.fractionation(resin/bottom layer) 4749 2.41
2nd siphon layer (top) 1426 1.35
fine tuned fraction 4809 2.30
Example 10

Example 6 was repeated with a phenolic compound (m-cresol, p-
cresol, 2,3,5-trimethyl phenol, and 2-methyl resorcinol) ratio of 5/4/2/0.3
and a cresol paraformaldehyde ratio of 1/0.685 using the exact conditions
and 44% (w/w) water was added for fractionation. GPC MW,y data are

shown below in Table 8.

Table 8
Description GPC-MW,y, | Polydispersity
sample after condensation 3542 3.87
1st siphon layer (top) 2121 3.22
1st fractionation(resin/bottom llayer) 4430 3.90
2nd siphon layer (top) 690 2.86
fine tuned fraction 4443 3.80
Example 11

Example 6 was repeated with a phenolic compound (m-cresol, p-
cresol, 2,3,5-trimethyl phenol, and 2-methyl resorcinol) ratio of 5/4/2/0.35
and a cresol paraformaldehyde ratio of 1/0.69 using the exact conditions
and 38% (w/w) water was added for fractionation. GPC MWy data are

shown below in Table 8.
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1st siphon layer (top) 2963 211
1st fractionation(resin/bottom layer) 4365 2.41
2nd siphon layer (top) 755 1.46
fine tuned fraction 4540 2.40

Examples 12 to 1

Example 4 was repeated with resins from examples 8, 9, 10 and 11
5 to formulate photoresist compositions as example 4 to create examples 12

to 15. The photo lithographic evaluation data are shown in Table 10.

Table 10

Example | Resin From: | DTP mj Resolution pum | DOF um

2 Example 1 165 0.34 (-.8/0.4)

4 Example 3 225 0.32 (-.1./0.2)
12 Example 8 205 0.32 (-1.0/-0.25)
13 Example 9 160 0.32 (-1.0/0.25)
14 Example 10 150 0.32 (-0.8/0.2)
15 Example 11 ' 110 0.32 (-0.8/0.2)

10 m tive Example

300 grams of phenolic compounds consisting of a cresol ratio 5/4/2,
using 130.26 grams of m-cresol, 104.9 grams of p-cresol, 65.59 grams of
2,3,5-trimethyl phenol, and 58.64 grams of paraformaldehyde(molar ratio
of phenols/paraformaldehyde 1/0.70) were transferred to a four necked

15 flask equipped with a condenser, a thermometer, and a dropping funnel
containing 100 grams of DI water. 0.9 gram of oxalic acid catalyst was
added and the flask was heated to 95°C. There was an exotherm to

112°C and ~22 grams of DI water were added to combat the exotherm.
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and it was stirred. One half the original amount of water (236.25g) was
added under stirring to again form 2 separate top and bottom layers. After
15 allowing the mixture to settle, the top layer was siphoned off (683.0g).
Ethyl lactate was added to the resin/bottom layer, and the final solution
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present invention shown in examples 2, 4, and 12 to 15.
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producing a film forming, fractionated novolak resin solution.

2. 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 condensation product, removing unreacted substituted
phenols;

b) adding a photoresist solvent, then a water soluble organic polar

solvent, and water to the novolak resin condensation product, at a
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olvent water of 1-9:1-5:3-7, thereby forming a solution of the
novolak resin condensation product and separating the solution into
two layers, a top layer solution and a bottom layer solution, and
then removing the top layer;

c) adding a water soluble organic polar solvent and water to the
bottom solution remaining after step b), in the ratio of water soluble
organic polar solvent:water ratio of 1:10 to 10:1, thereby separating
the bottom layer solution from step b) into two layers, a top layer
solution and a bottom layer solution, and then removing the top
layer;

d) removing any remaining water and water soluble organic polar
solvent, and thereby producing a film forming, fractionated novolak
resin solution;

e) providing an admixture of: 1) a photosensitive component in an
amount sufficient to photosensitize a photoresist composition; 2)
the film forming novolak resin solution resulting from step d); and 3)

additional photoresist solvent, and thereby forming a photoresist

composition.

3. 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 said method comprising:

a) condensing formaldehyde with one or more phenolic compounds, in
the presence of an acid catalyst and thereby producing a novolak
resin condensation product, and then removing unreacted
substituted phenols;

b) adding a photoresist solvent, then a water soluble organic polar
solvent, and water to the novolak resin condensation product, at a
ratio of photoresist solvent: water soluble organic polar

solvent:water of 1-9:1-5:3-7, and thereby forming a solution of the
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c) adding a water soluble organic polar solvent and water to the
bottom solution layer remaining after step b), in the ratio of water
soluble organic polar solvent:water ratio of 1:10 to 10:1, thereby
separating the bottom solution layer from step b) into two layers, a
top solution layer and a bottom solution layer, and then removing
the top layer;

d) removing any remaining water and water soluble organic polar
solvent, and thereby producing a film forming, fractionated novolak
resin solution;

e) - providing an admixture of: 1) a photosensitive component in an
amount sufficient to photosensitize a photoresist composition; 2)
the film forming novolak resin solution resulting from step d); and 3)
additional photoresist solvent, and thereby forming a photoresist
composition;,

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

g) heat treating the coated substrate resulting from 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.

4, The method of any of claims 1 to 3, wherein in step a) the
unreacted phenolic compounds are removed by distilling the
novolak resin condensation product under atmospheric pressure at
a temperature from about 100°C to 175°C and then under vacuum

at a temperature of from about 175°C to 200°C.
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water soluble organic polar solvent:water is 3:7 to 7:3.

8. The method of any of claims 1 to 3, wherein the water soluble
organic  polar solvent is acetone, dimethylformamide,
dimethylsulfoxide, tetrahydrofuran, ethylene glycol or a C1—-C3 alkyl

alcohol.

9. The method of any of claims 1 to 3, wherein the photoresist solvent
is propylene glycol methyl ether acetate, 3-methoxy-3-methyl

butanol, 2-heptanone or a monooxymonocarboxylic acid ester.

10.  The method of any of claims 1 to 3, where in said acid catalyst is
oxalic acid, maleic acid, maleic anhydride, sulfuric acid or p-toluene

sulfonic acid.



