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Fractionation O Resins Using A Static Mxer And A Liquid-Liguid Centrif 2
5 Backgr owgh2afiotihe |1 nvention The present invention provi deg/epopfigess for
separating | ow nol ecul ar weight oligoners of a filmformng resin utilizing

t he conbination of a static mxer and a liquid-liquid centrifuge. The | ow

nol ecul ar wei ght ol igonmers are useful in 10 enhancing the photospeed of a
phot or esi st conposition. Furthernore, derivatives of these |ow nolecul ar

wei ght ol i gonmers (such as esterifieE Erogucts of the oligoners with

di azonapht haqui none conpounds) are Des phot oacti ve and can be used

in a photoresist conposgidd®iBnatisn @Fﬁésir&ﬂ%iﬁﬁ%@ticim&ﬁ‘“on al so provides
" a process for produci ng—a pho oresi st conpositron conprising said | ow 15
mol ecul ar ol i goners or deri vAndviekigoid-kigid Cenfrifadeecul ar wei ght ol i goners.

, The p(rfsent I nvention al so provides a process for producing a sem conductor
device’ by formng an i nage on a substrate utilizing the foregoing | ow

mol ecul ar ggbikd¥8lRE of e IM@hfiosler i vatives. Fractionation reduces the overall
yield of @aresin by renoving Iow nol ecular 20 wei ght nmaterials (such as

unr eact ed nonohke predenkinvention nyovidas da iproeesa forasepanatingniews molerigandi ng
upon the functiponal praoperti needed. fot. the, final, resist n .

fPacti onatpoht plESmeR, 808 fim Runieyesinuigind e GnainaRoR afsSiRte mixet, oad

range of éﬁ@%eliitﬁwﬁui@b&ﬁﬂfﬁe. Weh8héwfmetebLigR svaigat bijcsthemdamt @sétul fPNers.
Econom cally, the cost of the raw material is diréctly related to the yield

of usHd ul elanaing theophoelospeed o mphetorpsist corvpasition. Fiusihermpre, wewivativas

desi r abl |l ecti h f ' h '

part 1 cul o9t e ok MBI IR (8B e b cas BRlertieh, SRR "t ¢
resi st copppdrs With\Hia2enaplrhaguiabhé abmpeRdsy dret thenef/eal photosdtile 4id t he
filmformng resin. The present invention affords such a process for

sel ect i vecarehewsgedbin ol pheierasisl qanpasitions &5 such,|therpregenkinvestiion aleer 30

baii ng. st RIS & pEAE 1o brBiuGia < BoBHESt comBalith Pt ALRRERHLS g
the |jgui ﬁhore@@iatolp@midri drivalives af Sail owoRTbISE AT Welght dligemreoSthe
devel opnent bake after the wafer is inmaged through a photomask. O her heat

t r eat nent presepisinygption alsgoprvidesoa pregesseoy pradedng 2 semigandyster (devigen! i ed

chen cal AT A Wrhge st SabsiRAG Lulkind e RiepohBIbw 1idisefl bidGd, o
t hese heagr theie alenivativest. eps when | ow nol ecul ar wei ght oligonmers of a film
formng resin,_such as dinmers and tripers of a novolak resin, volatilize,

and either ' STactieratiqn reducas &g pysrallyielghpt a ’Eﬁiﬁﬁ)fnl%’iﬂo‘ﬁﬂ%lquli;'?fe

i NS of i ' | d: desi

Substant | A BnEMARRAETSUetpaE N TR mdrontB Hirkrs, ER6R"wRy Itoiriethste

resin, sudigoaserd). mBepbndingeuporofheafunctiohatipropeities ndeded foetiae finabresigtj gh
resin. resent inventi ords a

yield of the renginin Ilmformn he n aff
et hod 1 dMaoHECRPBRIGN, IochBlayes cab be GeSac TF e, arerel FRMow ahraBiasthe o
the film ' ' [ st IWhiahd ve
volati | oG08, OO 1HEE NowdlimBeEust weight #aclbhe iRy SARIMEdIANS biiganidtaD |
are bat chEqonomaisally; thedost qfitheerdvo material-isi directiy selatet td thenyielyl sft egeful and
the yjeld of the.resplti ractignated resin i | sq_lL.ow., Thes .
di s athan 7eges ORISR o sraEfiendiaR Ses: b e be Arsiihle Jp ciegtivel
i nvent i ongnfvelthBsé RABLIOGSItHE @ré kndwn i algdiniculal ehnRBFapplftatieh td arbe:
centrifuge fractionation process, one can
functional properties of a final resist composition without substantial lowering the
overall yields of the film forming resin. The present invention affords such a
process for selective removal of oligomeric fractions of a film forming resin. For
30 example, in the preparation of resist devices, several high temperature baking
steps are used to a) remove solvents immediately after spin coating the liquid
resist composition onto a semi-conductor wafer and a post development bake

after the wafer is imaged through a photomask. Other heat treatment steps may
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continuously renove | ow nol ecul ar wei ght oligoneric fractions, such as
dinmers and triners of a filmformng resin, while maintaining a high yield
of the dewoexBibriacti onated filmform ng resin. Photoresi SpcgRpRAId ons
are used in mcrolithography processes for 20 nmaking mniaturized

el ectroni c conponents, such as in the fabrication of conputer chips and
integrated circuits. Generally, in thes processes, a thin coating of a
filmof abphoptionallysappliedotes further tegndvier entraippti selvenis aors th facilitate meabri al |
such as si I&cqn w%f er.s u%ed for makin 'ﬂt eg$at.ed citcg’;ts. The .coat ed
subst r at e 23FWVaIRd FNEINCA) Ghanges foihg e iy PEFAPUS Hetatts ffo perrdnsome

. conposi ti gp 1Ak Haat itedthRn? 3tGRAWHRE B qunéanéﬂ!o\féi iRt SligohiérsPaik adrilppat ed

surface of the substrate I's next subjected to an i mAge-wWMse exposure to
radi at i onforfiting reginj swétoas dimersiard trimareof & pinotak aésin,r volatilizepand @ithen t he

, f th t ed f .. Visihle |iqght t i ol et i ght,
CXPOSe] SL5ER fln ey SRR bt e Rl e e
today in ghﬁﬁ%éﬁt.how ARJUE b0 ggéﬁﬁlﬁésl%s rerﬁﬁ\t/@rs%tﬁtiamﬁdhssg_f%ﬁowe’

the coated 'substrate is treat wth a devel oper solution to dissolve and
renove ei maleculaveoligamets oha ditpdoudingrresine sunhbxas dirdersitdmers of vhrovadek ed

Cvpes. of FRROVBL GIARITH o YRE STBG Kem el G 1G7aAG TRBE: (TP RIERT ng. W
hen negat jr@nieH lbffoddd BORRMSH Fr HRNENSEVeORMEYA EORFEEInEB I iffiek O

radiation, the areas of the resist conposition exposed to the radiation ' S
becomt0 | efactansubf dhe dil frmingpesins oWhileodistibatipn anetheds -dainnke nggadedt i on

whi | h f th I, St ' '
el at; vel (Progye. BRSBTS SUG Be fo iieBlar Fph RnbARre. e ds Fions
negati ve- yry khith pREessedvahl @qdw%r@eéw@um BRADISANIAG &S, el g osed
areas of the photoresist coating and the creation of a negative inage in

t he coati pigld bétheyreaultivgdractipnatatsesirds Bispdewi omhese tdisadvantages ate

The- ot her gy h g ikt nlaight 3h € Bretent 8ok, AP HF BB RRRE Aor ocea

I mgeisv sa fseaticadhnixer oandt lnqaia/liqu&mcaﬁrimge Praetiohgtiors t prRERs;sidriedncaxposed
to the radiati on become nore soluble to the devel oper solution (e.g. a 15

r ear r angeRYHNUOHE! fEFROVR: dQW dNoigRUIRE Weighi coligomeric, fractiqnss suuehr asrglimers

expased: phlY At of afir) R o finfy maihBhiod ot L8RLIEMe. ooy

t he exposféctivnated filln fdrmingaédimg and the creation of a positive image in
t he photoresist coating. Again) a desired portion of the underlying
substrate surfBo@toresisin comnasitionso arg ¢ ésed Hns mierlithngiaphy dyeragsasn fot he

To1 7S Beldi ARIELASSE SRR Gl fpdRNyh o e b gl o0
et ch t hat chips tandnintégratesl sitdutsr aGenefadly eint ihesphorocessdssta thiatcoatingvad a
removed dMH BP adgtl(o%roégns nédmgct]s?tioar{ ?saf?rs? fap}::{i]eed ?clf lQ:IStSLrjlgist'treate material, such as
silicon wafers used for making integrated circuits. The coated substrate is then
baked to evaporate any solvent in the photoresist composition and to fix the
25 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
X-ray radiant energy are radiation types commonly used today in microlithographic
30 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.



where the photoresist coating still remains are protected and, thus, an
etched 25 pattern is created in the substrate nmaterial which corresponds to
t he phot owssée/aead for the i mage-w se exposure of the radigit/ppyr/iksgber, the
remai ni ng areas of the photoresist coating may be renoved during a
stripping operation, leaving a . clean etched substrate surface. In sone
instances, it is desirable to heat treaB the remaini ng photoresist |ayer,
after the devel opnment step and before the etching ' 30 step, to increase
esi stance to etching

its a_dhesi n to the nde_rl ihn substrate .and its 7.
sol ut i ons.NBEEATE 10 WPERIGBhaRSESIS %@@poaﬁ?%@ega WYY B RS avorec
Dol ut ) onorRgP Vhes nbEal ionGHF bhgiorstst CiMiRqRCAR] eipoRBl fmifel 7T (o,

char act er iwise tsradistiong thes arsasrad doé vesistrcanspasitiomexposeditbdhe nadidiery f eat ure

_which th i st it t f the phot k.to th
Sbet r it o BEEOMeoRs BHOBE RS ol URIL I A PSsRDRInGdBReta eotite)

devel Opmwhine'tﬁﬁmexpé@éw%@ﬁw&ﬁ@ggﬁawrééiﬁdo%ﬁgtreﬂa}h rel @Veh] sélyﬁe 19,
resolution on the order o ess than one mcron~are necessary. [ n addition,
it is al msachal seytiond eBhusy ieatrmbat oft dreexipossidoegatipbatarkingi resistwaith apr of i | es
be near vertical relative to. t substrate., Such ﬁ}r%rcattions bet ween

devel oped 98¥BIORREERMIESTEMYREQS NG NQrhEXRQSEAATeas Qf MR PROIRFRSISHCOAHIAG o

et ont - No o816 BreABRTIAl nelathadmalR iy Ui BPatl el df FSHEIM F andeld o,
met hod0 f opopicrdefdhe gindeflyinghsubstrateggurfacacan whighdbe photdrakist eamnpositign a)

condensi ng fornal dehyde with one or nore phenolic conpounds, and thereby
pr oduci nggvésrfiﬁp&sgﬁd'r esin; b) adding a photoresist solvent, and optionally

a water sol ubl @@Erﬂi‘@tﬁerpﬁéﬁ(ﬂ, gm]'gheﬁééitiﬁéém&ﬂ@grlﬂwc{t(&‘és@txédl'ﬁﬁoéiﬁﬁr% are

liquid/liquid centrifuge 15 an eedi ng al kane, water or aromatic
hydr ocar bexpeggd, émage-wise ttheradiationg/ thogei areaenofr thieigrhaioresist aeompasition

B! caal ERRSSegE Rt Fadie i beeS e hos soble RDThE AvRIoRar BouSh) Ethidy i ng
the lyqui tdrtdHgefndit rrbébﬁw;ace&}@?]wﬁabnmogefaraww xpbséd fi@ﬁnaﬁ] félawew east

500 rpm-and thereby separating the mxture into two phases, collecting the
two 20 phinselble)todpei denalopers splutiani ndhuae treatjhertr oplens @xpoged rpositiveo

Pyar ocar boRraRg PheIoTPREWACRR a8 RIones s Mgl Hhe SpBEei s ohg ¢ ne
novol ak r &g Sodingserid/# dreatibe ob BPcwitRel iffagedhtRe phoforeBishesatirk. 2Ag4in,
provided in these references for produci ng photoresist conposition from

such a fradestedpedionoefdhawndesyingawupsirate PHrtaseds wcover@der oel ect roni ¢
devicgs Usi ng gHENyAs RAVBRIpRTMR  of a8, e How partially unprotected substrate

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

25 pattern is created in the substrate material which corresponds to the photomask

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

clean etched substrate surface. In some instances, it is desirable to heat treat the

remaining photoresist layer, after the development step and before the etching

30 step, to increase its adhesion to the underlying substrate and its resistance to
etching solutions.

Positive working photoresist compositions are currently favored over

negative working resists because the former generally have better resolution



Summary of the Invention The present invention provides a nethod for
separating and isolating | ow nol ecul ar wei ght oligonmers of a filmformng
resin, samboxttood conprising: ' 30 c) providing a sol uti opcPipdiAgsshi | M
forming resin in a first solvent system conprising a photoresist solvent,
and optionally a water-sol uble organic polar solvent, wherein the ratio of
t he photoresist solvent to the water softubl e organic polar sol vent ranges
f r om aboutcapabiities @andopaitera dansfer chamaaierisgtios] 1PRotpERigresolLlies is defined

provi ding a second solvent system conprising at l.east one supstantigllypure
CE2 Gl haite T et felbus” BhER, FRE) Tesib risbrtos it safl tabistengham the
Ieast50ne;ﬁ%@6 I ! Ntyigng/ | SR

) provi ded that rﬁﬁg%tl}pcg%lté?gﬁﬁ?@cgwtﬁeﬁt H@P@ngﬁﬁé% 1- ‘gg@gl ggﬂlﬁ lgrfnf;e>2t ure
is | ess tlexpososs andedenalopraent. pdn froamy mganufagisirioy - applications itoday,eresist

foll ow .: J, X h |yt fr. dth Ol
" syst ot - apdiftion bactng, Sfter. 87 1% i e IS A asRRn; ofit agoRY fg ent
m xi ng; 10Gmbee@iayd MRsiaib Uihat fthe Tidvel Pl (Dh@isresien AP lpYeRlbs e i@ f rom

b) throughtwo separate inlet ports into a liquid/liquidc ntrl?uge, one of
sai d i nl etvepinal seladive g thieesubistiale.e Sucindomancations: betwedém|daveloped aeddi ng
the second sol ventsystemfromb)  intpo said Jiquid/liquid centrifu at a
feed rati SnpvERBehateR bl IHeoireist cBafin Tabeaie b Askilts pefgin irabates P o
from aboutnd R iffagelsis tOSd8btraaé. alStenperature of from about 0C up to a
maxi mum tenperature that is | ess than theboiling point of the |owest

boi | i 1@ fsoI venﬂJ.SndRatgnﬁ N(;lst6,621,i§§209g7 lslptelpgﬁorlq)sl?@blioa)ionomi0@{3%37|
NP TR N R T

separ at eplgrgensifg FokmaeApde St BHetdeniole prRMIiatNPGNRES, fREhdrepy t wo
separ ate20outl et ports, into two separate contai ners, wherein the heavier

phase (H) poeghding:e navglek resis;; b addingeiplietoresist solvent, androptionplly i water esi n,

System  andlbike SIS ERbR Fotlepf < bRl BECHPuR ol 8 JRERAREG e b gn rer <
of thesfi lapyf fieding d CiOF eikane)i vidter ort Qratha@it hyarocapereyoivent SiRRAthe!ni t'S
in the second sol vent systen5w th a mnor anount of the first solvent

syst em Théqwddigist centiibigeialia ratio ©f pptionalwaigr-selubiriorganiepelarn splvgnhand

hot or esi i L1 { [T WESY I To g vi di ] e of:
0 o £ aBbPBERaL e eht 3 Enamical aBhGl BldtHarE et BBah RO lLI,
fracti onsdptotating ftheé Mydidfiguidocertiifugessortaihingctheanixted 4tid spbed of &g lgassi n
produced accordi ng to the30aforenenti oned nethod; 2) a photosensitive

conponent 599 e ahd dherebyr $aRaraing i'lﬁ)mjl“é'é%r'ﬁtpttwli)ep safotcollasting the two
Shor o Bfiasdt o) BntihatSobpd8A 3Pt s (1) 138! b 5RESd Bhases: f)

i nvent i onrerhevingrresiddak Ce-Cyedlkank, f watep ror caromagjc hydhetasben i solvent dypos ithé on,
said nmet hpd conprising. providing an,adm xtyre of a.filmformng resin,;
oy & phot Beaniel Bnase B JEB R A Aeavied dbF ricvolait rduin itteadh i thé et he
phot or esi b A3 nﬁ@;} i bk ég)ﬁgpr' } ow 5
nmol ecul ar 5&%‘?’8%9%%‘?'%%“@@%@3@? ?lns?’f or mmr?gqp 3@.5%"9%‘52 by t edrédilﬂﬂné

af or enment pbotedesisit ¢aspositich frpmasydtoadractionatesbheeatak resinfandhior peoducing
photorisist co? siIioci)n. The.present i nyentjon further provides a nethod
for ptodulligige CE’HBF qyigesu Y ?ip&?yor@ﬁ PPTPRINOBr ovi di ng an admi xt ure
of: 1) afilmformng resin; 2) a photosensitive conponent in an anount

sufficient to photosensitize the 10 photoresist conposition, said
phot osens rising an ester nmade by reacting the | ow

n
. Groups. satg rone HpSaTbyedlartaiovidhs, 8 HbERAL AL 'BparailobEahd Hhatie g '
net hod, Wriolecul#H agigREGIoRRSHY iof @rfftmsot ity lesfit) Iie.grd'Tﬁhgtho'mdombriginghot or esi st

solvent; to formthe photoresist conposition. _The present invention also
providfes @ net pEwiding asellionnef dhe diimc forming oesiein & fisst seivenhgyaiem nage

ator ement | onec PHEIEnEE MRAERE ISRy, hg oty etefaobbf raanic o o
substrate w thpslae sehvenfr #hefsin ahBPRRIct bPNhé rsHbtsiedst agolvent tdeheabater,
heat treating the coated substrate until substantially all of solvent 20 is

removed; i nageSAIHRIE UGS iPalprselvent sargessiiom: ahaut 10/ ta AkSUL W ng t he
i mgewi se exposed or) alternatively, the unexposed areas of the coated
substrate with a suitable devel oper. Brief Description of the Draw ngs



25 Figure 1 shows the GPC traces of an unfractionated novol ak resin (a),
and a fractionated novolak resin {b), obtained using a static m xer of the
present iweoilon, and using hexanes as the second sol ventp@ygkgmsh t he
present invention. Figure 2 shows the GPC traces of an unfractionated
novol ak resin (a) and a 30 fractionated_novol ak resin (b) obtai ned w thout
using a static mxture of the present i%vention, and usi ng hexanes as the
second sol vent system Figure 3 shows the GPC traces of | ow nol ecul ar

wei ght oligoneric fractions of a novolak resin collected in the |ight phase
fraction of the liquid/liquid centrifuge WO 02/ 31011 PCT/ EPO1/ 11357 7 of

. the preseg] i nprRViding-a @ecwRd{sdlvant systehé dohgnsingg ial dedstxone substdnfiaypecond
sol vent system of the present invention, while curve (b) is a G PC trace
usi ng 259k karte alkangaand/or gt laast s8ecrlly!stomatic egropeund Hapingaal least

" resin oneSbe kBl S Rl PR ETGABPHY FlTobBiced Fab B "
ol i gomer s O9iC Aalcbho) Eontenh ®f rtas i waterVO|-0g salesieli shixtarediss Risytthan sd%tipe film
forming resin in a first solvent systemconprising a photoresist solvent,

and opt i oWgighy; and pedatnaingKierRmrlee)draiewiit theofollewiig Qiger: wherein the ratio

of the phg{ oresi: v, : I ' 7 I t
anges {1 o acoiing e eidrofolf A 176 edBofid Sea syBEeTired 53 Wi
70/ 30, angtatio nsirer frzoliheperiotirsafficikt Tér dfficient Afixingr ef erabl y, the
filmformng resinis a polyner is useful in making 15 photoresists.

Nonl i M ti Hly exteegingths mixiviestipa 6)@andiibe fasond ssivant sysiens frony b ihseugtv
| Luat i a0f _ Nowol.ak. . e | d i
P art o sSPaIe; et pofs A » MQHGNGHY SoRPRDEIGnQ I TR foreed '

Appl i cat i feediry Bie mikture Resmne), ,thKrnsezoAd ialel [orhefebding/ theSpecorgk solvent ag,
New York, 1979 in %a_pter 4. These resins are typically produced by a 20
condensat f¥sitemdsmi Rinnisaiddiquidiiquid gentiiugeat a feed dalid of g mpduEsirom

t her eof \V ' r %?ﬂ?)l '
Corrpounds?)u@ﬁpﬁa%égoﬁ@c’?;%\g%ﬂ%E@?i@hﬁ’?@'f ﬂ?magggaf)gg/gier}g%cﬁ%heno ,,étca

3, 5- di3ret feyperaturé of firmin 2b8uB0%C upHo lRYpkieTwh tefiperataralthad i8 less thamthe on i s
preferably carried t I’nth resence, of an, acid cat gl ?t or a reactive
bqui val enboilig paint o helowest Pollng salvent Bine drslaresacond molyent suslem act i ve
equi val engy' of | mﬁ@ n (o] CW- E@j idC |dd t her
t han t he %Tlaterriog?trfﬁ g?a? ?Jm |c2ﬁ?@a%tte? g?q’lt')gg a\c/)tgse l e/ﬁtaklg ggﬂtﬂgﬂgtzs alptés)elf
under t herotatiortal speedrsiiffidienisto Sepasatedhetmixturecfodomasteptd) info twocseparald i c

e, oaSa e e BN oSl YRLAlE vt 3ok AR St o
anhy ) e e R 1 eren | I e hase (AP Ot
t he phot otarBpKsess bighenit mplesuladeweighh diactionsriof atfilonforming resin, in the first
solvent system with a minor amount of the second solvent system, and the lighter
phase (L) comprises low molecular weight oligomers of the film forming resin
containing up to about ten monomeric repeat units in the second solvent system
25 with a minor amount of the first solvent system.
The present invention also provides a method for producing a photoresist
composition, said method comprising: providing an admixture of: 1) a fractionated
film forming resin comprising higher molecular weight fractions of the film forming
resin, said fractionated film forming resin produced according to the
30 aforementioned method; 2) a photosensitive component in an amount sufficient to
photosensitize a photoresist composition; and 3) an additional photoresist solvent

to form the photoresist composition.



propyl ene glycol nethyl ether acetate, 3-nethoxy-3-nethyl butanol,

2- hept anone WO 02/ 3101 1 PCT/ EP01111357 8 (nethyl anyl ketone), ethylene
gl ycol nomaoedhigil et her, ethyl ene gl ycol nonoethyl ether, gipkpuligse 9l ycol
nonoet hyl ether, ethylene glycol nonoethyl ether acetate, ethylene glycol
nononet hyl acetate; a nonooxynonocar boxylic acid ester, such as nethyl
oxyacetate, ethyl oxyacetate utyl oxydcetate thyl 5 npethoxyacet at e,

b
ethyl met hoxyad®@aREseptinyentien aise,awyidesds mﬁhﬂaﬁoépm%&ﬁaﬁf&m@ﬁ%

et hoxyace OXYi ' e ayl, 3 i t e :

3~ oxypr op CaTHosoR B Stlod t ARb AL preFing e SHHRLGR, G0 £ fnf IdhHling

. methyl 2- easiny @pagiwtesersitivel camponemt dpanamicunt eulficiert iy hotoseneiiizehé e
(ethyl lactate),, ethyl 3-hydroxypropionate, propyl 2 10 oxypropi onate,

mﬁt hyl 2- BhREXPRIEbSICHRASIIONr 8pyd SRafs: Ie@k@manapp@wapai,tioanleompxiﬁmgeéow
ot uce wiHIBEar WeIHEREEnfErs ol 1R F60ifG 1B5F £R08 b7 ARE afbreRflntBhba

di net hyl s phdthsddand PMephotaresishyelvets tefonhthe photsregise bgitioh. a Cl1-C5,

(preferably C1-C3) al kyl, al cohol, 15 such as net hanol, ethanol, and .
propanol . (b) Phewnrasen) inventiogfurtber proyidesyasmethodtar pspdusiag agahateresist esent

met hod in +0royidi ng. 2. : DS (Jki-at o gast
one. subst SarPER{Bp KoibRling, YpMing” s 8BRS RE TLr 8T Bl fhglrebind o) &

hept ane) phdiosenéitivg gbripoment oire am oawiount ceafiicient haviphgtesensitiast thae
hydr ocar byl substituent and/or (i qu)) wat er./ al cohol m xture '%Vi ded t hat

al cohd? cBhetaresist COMPARHIaR: / $aid oRbblogeRsItive: Gospenant ; GMPHING,L ANWesight
Exanpl es i ; ty el i fh WAy i uene,
i ot hyt b 1asEh £ “efid A foy, TMIBANRD Nejit koriis Ot SRR résth
"hydr oc\% ha{r/]ingubad:tli\ledwdrl ¥ bx;drgrdth%sjlsaﬁﬂfb?/mmd W‘V\(}éighwigbnhersi r?ad@lb ithewr y
sense, ich is we no to,those ski in the t.. Specjfica , it
refers toa@rBWBoﬂ%@i%ﬁgchtboﬁl %WB“‘&@SMW"&?@&W&CBWW%a(‘dr n@i nder
of the no : i ] : on character. Exanples of
hydr ocar b ﬁs*érrgﬂ?ﬁ'@hg’g? Hggﬂg?h)e?ﬂ%lﬁé%ﬁ%gﬁﬁé@bstl tuents, that is,

al i phtsic (e.gThealpkgsentr iavémtion ) alsal iprovides (se. methay cforal producing a

| oal k | it ts, \ tic: | i phati c- d .
1 Toyel | cSmrandticios dPan by ey eheibade &M wal Fubsfie saids method uen s
wher ei n cMﬁpﬂgi'ng:l%lpPMéiﬁg%né/ %fét?\é@f&én'?@wtfdn’éﬁ_ PIfot RISt oRhhdsit o?m an

anot her portion of the nole ., two substituents together
al i cycl i ctheseaften, poali) asuitable: subsiratey witbdhe photeresist compasitiont frem step

substi tuent s, cont aini n- hydr.ocar bpn gr.o whi.ch.. in .the context of

This. | nvenlic MotiA s edtithatiguRe BoaBit it IR st dhuiay o Wssliert Len

(‘e. 9. 20 ha|sordrReRRT: i iflage-Wwiskosxpouitty the!ebaled Buiskirts) aAtkiRW. roiks

al kyl nercapto, nitro, nitroso, and sulfoxy); (3) hetero substituents) that

i s, subst innagewise @xpesed ehialiernatively the pnexpraathaiens oftbe seatasbsubsitatect er

in the cop t IS, tion, contain other than carbon in a ring or

chain othg&&?gﬂﬂ%%%%gég%g%ﬁncarbon atons. 10 Heteroatons include sul fur

oxygen, nitrogen, and enconpass substituents as pyridyl, furyl, thienyl and

i mdazolyl. in general, no nore than two, preferably no nore than one,

non- hydr o. S iaf f Sbe present for every ten carbon atons in

t he hydrocar byk. v i g | : -

subst?fuents iﬁg?ﬁgwﬁﬁﬁ&éggﬁgéFtEVoﬁﬁgQ%&Qgb"ﬁ?&?ﬁgagEgnégﬂﬁﬁggﬁgﬂf?%%1(a)

and the saltvagtionbitednnoldlaknresirs (b}, i obtaineer udingt aestatit apixetr ¢fhthep prssent

met hod i nvol ves m xing .the solution froma) and the solvent fromb) in a

static nmi i¥entien, and; feingchexanes ps; theegecony salvent; aystem »af e graseini a

m xt ure. mbgn f£sent invention envisions the use of both an in 20 line and

out-of-line notorized m xers; however in-line mxers are preferred, as

t hese of fer thEigpreogshows thé GPC draceswhas ynfractionatedmadvatek raske(s) anana be

econonica&, | ong-| asti and re conveni ent than nost nptorjzed n?xers. fn
agfiopate He) ol

an irdin iNQYPIK resin 1{R) i plfained ydthgut tisingf gitatic. mmidurer ol 4hr e
punpi ng tﬁ‘t‘%@b i i ithd ] | 44 one punps them
t hrough a pi péﬂrigﬁgbr?r?JﬁPﬁ%éﬂlgmﬂg)é?@%?%@%nﬁgdg\pfgrérﬁlg?nr?}?’g?rﬁn'under m xi ng, and
resi st foul i ngFigare Bshpwpdbe &RC trdces of e ynalecular weighit loligomerit éragtiors f r ee

and need no spare parts. Lo _Li.n i.xer rovi de efficient . nxin d can
't hot ancdt aABuo K BEuh Ronedlen 8 TSRS adoriot hublo B e lBO0g i ng
el enments in pipe and tube 30 m xers are securely attached to the m xer
wall, so internal pressure changes cannot coll apse elenents and stop fl ow

Wth in-line static m xers, the m xer does not nove through the fluid the
fluid noves through the m xer. Various types of




WO 02/ 31011 PCTI EPOL/ 11357 10 commercial in-line mxers are available from
commerci al vendors (such as Col eParner). In one enbodi nent, the tinme period
for efficwanézatoni ng is at | east 6 seconds, and in one enbeey/BRyifi1gh | east
30 seconds. 5 d) Feeding m xture fromc) and solvent fromb) into
liquid-liquid centrifuge The m xture from c) and the second sol vent from
step b) are next fed through two se ar at/e_inl et paorts into a liquid/liquid
centri f ugef tbﬁ@rwe@anwentnnetcwet@s)ﬂ%acﬁBg irage wsing hexanes esdhesespndt he

the 11 qui ariisustehet I yeSaRboRRic ol ke B3 AHECT AR ABng 2Rt ep
~c) to the raetandl m@m@nhsmg@nﬁdmgﬁt@s@npf from10/90 to 90/10, and in
one enbodi nent 65/35 to 35165, at a tenperature of fromOC up to a maxi mum

tenperature that is I ess than the boiling point of the |owest boiling
_solvent i nt system |In one enbodi nent, the
terrpergt bet eéb §En m&ﬁl ess than the boiling point of t he
| owest boi(h) gowdg%a %@ﬂorbbﬁt@ﬂilwefﬂrmlﬁmrm enbodi nent, the actual
tenperature of feeding 1s 7080C. In one odi nent, the mxture fromc) and
the sol vent sy$ransteRnefhiherpsesent .mﬁtboel hior c BYdKEIgg iowsymelgckiarp Weighl
(such as A ed
borts. - tonaafhefs PR irEionsnd Fesr it GloytiRE b SohittPlr MRSt 6imih

per f or M ngesiheinsp €irstfdohibnt tsgsiom lcomprisirgragshoterakist sbivent, candl optiawally a
centrifuge used is a ClINCTM Mbdel V-2 liquid/liquid centri fugeb Avalq’l abl e

f r om &0 NCwatar-s@lHble erganioeRiarasolviem. wheéem Hbe [5qu @tlmebpmtocezﬂ%tcﬁglvenm%
Tqui dl 11 g SISt HAR IS b HORIngES i BBoBFRAIRR © 10070>GhBlif

liquids o erent ens I's conprise housi ng

and st andnei &mbodireéntaindmo 1096t tp NOr30, amd diy serev afribadimentdfrom B0/Z0ao (its
only m)vi%g‘f)art), and a notor connected to the rotor via a flexible,

direct co g An AC inverter dri ve cont roI | er provides for precise
control of the p | n Xi ng
zone, and then derlélfpg%l%@dqﬁg L'E?f%’m'@ nes o ras é’eﬂgt gﬁaﬂk?@t %@Emﬁ‘

appli t&ti phstomﬂetse memilmltmg |a<anmle9eobfsmtable resinsnace RoOVHAR :winst)e
i nstall ed y\hp(i{]ﬁ }mts cont ac thefltthegs Wi t r ot or . e.

two di f f eVEWIPhANG iRPIVRAES PR tMEsSel 1 VARG Reains | Brves Bape
avai | abl ecB onI%‘QsQ@" r?ti'%]éﬂ §ﬁ%&%%l %ﬁéﬁuf%?:tdr@'a% déi%‘{/‘ﬁp%lwle% r%H;el‘l’x?iug

forces int e ra s can be generate :
Rot ati ng ahd Appdicatlen iof Rh&noherﬁesms'gd(l&'opTwe anexSckeibp VWf; Sprmgerre\whig,

thod i | t,aLing t i xt tep d de th i d/ | d
cont 11 1 ughes Vorko o0 et 4 heBEntes s b aDRicaly arodcedr 8V 12 am
step g | abﬁdémmﬁpwa@h@n HEnesn RMnaldepiaal seh flclifs tddivdiest thifeof,

separate phases, each through a separate outlet port) into two separat e

cont ai ner suclwperaéormnalﬁehman@formai@ apsonecerpynpesephenadiciiaghrounds, soah ar

wth o m ABaRPPlasbh 24 48R sovhirintRhelel. dcudbusbubhed. B2 8% The

li ghter phaaéth(lphepolPr T ScdriRiéneaties Utcattive | i8hpredbiabfasried ddteirf ithen
formng resin in the second sol vent systemw th a m nor anmount (such as

10- 20% oPresesce |0f an asigl o@tﬁwsg%aéﬁachmepﬁqualgnt ofiraid agidraatalyst. 2As Weedht
oI goger S AR f8CpRralb sidive! e QUiVARAP' S a material means any compound or

chemical composition other than the material itself which reacts or behaves like

the material itself under the reaction conditions. Thus reactive equivalents of a

carboxylic acid will include acid-producing derivatives such as an anhydride, an

acyl halide, and mixtures thereof unless specifically stated otherwise. Examples

30 of suitable acid catalysts include oxalic acid, maleic acid, or maleic anhydride, p-
toluenesulfonic acid and sulfuric acid.

Suitable examples of the photoresist soivent include without limitation

propylene glycol methyl ether acetate, 3-methoxy-3-methy! butanol, 2-heptanone



15 such as diners, triners, tetraners, pentaners, hexamers, heptaners,
octaners, nonaners and decaners, containing various nononeric repeat units.
I n one enbapemant:;, the diners and trimers conprise at | eaSgcpBf g 1 n one
enbodi nent at | east 30% and in one enbodi ment at | east 40% by wei ght of

t he | ow nol ecul ar wei ght oligoners. 20 {;n one enbodi ment, the m xture is

rotated at a speed of at |east, 500 revofutions per mnpute (pm, preferably
from 500 KWQMOGG‘V ph?tor?ﬁgt eﬁ"r‘é‘?’é@ aBlygol rm%qmﬁgtyltﬁt’%, OQiBV'PB% alyeohne

thodi . L ot . q
erbc TenmerddiiESABE, FRlRSHe BRLPAAAI neh! ShyRRBSE6H richobfHlp e
_first 25 stiereadetaf8heethyibneigiycabfmomemethyl aoétate;l sa mengidynwnogartoxylic n t he
first solvent system can sed directly in the fornmulation of a

b
phot or esi §Fd@HBHSUNRS meﬂehﬂmeﬁ%&, el Qyaestate, Ll Axvarelate. MathW he

heavi e rig t I |l e r | f io t he
S fil mf(g)r %Hﬁ%ﬁ?%ﬁ@%t héefhpgrsr?‘éts”?r(gen tatrséyt’/)st g%{yi?s @é%@ghﬁr’ougﬁeﬁﬁ%
cent ri f ugettwixgacetatd,h ¢thyl sethongadateo! etimdxysy ethyin tpropiopaiey e métdyli g+ d of
the | ow nol ecul ar wei ght .oligonmers in the is?lgt ed I%t er phase. However,
cauti on nR¥YPrERICHAER, ¢ el ﬁrfgimmpl%!aﬁiﬁuraﬁmy i SEethpyyrroponalg, s ettsdy 8t i ng
can cause ' ; I N i B ; h g Jh I1So.
Furthor | MISTSopRRIORAR, (neifi D ofpRpiotdy Syt BEokfBbRRate Bl 3251
PCT/ EPQOL/ hydoxydrdpiariate ul @thyleilgttiate)| i gingdr s34hydroxtyipeogiohatef orpropy r 2si n,
causing the |lighter phase (L) tfo contain both |Iow nolecul ar wei ght
Ctypi 681 | Pomragionate,” iy PiathgoPRgRinate. HIIGRU SHRLINaProRoBHe, and
ol i gonersmi)ﬁuhggtthgpgoéf or Producing' Photoresist Conpositions The present

invention al'so provides a nethod for producing a photoresist conposition,
sai d nmet hod co8pitalslengxamptes aif ntheawadenrsoltblee coganidé polar f saleentoiriwde fi | m

tor mi ng r Bpet” BERGGH HkeloTe: Ao B (ENUGh (eatc e (PMSNg o

1 g B RARERAtaaRR THE) Shyléng 6RO of Of-C4 Apldiaflion C,a09 ARG alconol,

liquid/liquid centrifuge; tosensitive conmponent i n"an anoun

suf f i t3 ensuchoap metbarslsethanel, angdipsopandi st conposition; and 3) an
addi ti onal photoresist solvent; to formthe photoresist conposition. The
present invention also provides a nethod for producing a photoresist 15

conposi ti @¢)) PEvidind Bl dtRena¥BRend sistempPr ovi di ng an adm xture of: 1) a film
form ng r%T;T%ﬁﬁngg_cﬁnponent in an anount sufficient to
phot osensi t i zeAnoibepistenof shetpresentomiethashinvejves previsding @haeedndy solvent
conposi tion,conmprisi.ng | ecul ar wei ght..gl i goner f filmfarmng
Fes n mmcR: Rev By SPgn B AToleast slen SibstAbERl RERE Ge-Ce Aheta el B

I quizlf | | gantné eéxariey aatl moptarms)cardlore(iif 8t Ragt BhE Areiatie compountihdvirign t he

phot or esi st conposjtion. As used herein, the phrase "speed enhancin

conposi t | ¥leastang Bydrgcarkyb sstitueniandier (iil) watst/alcohpkmbvieorprisieddhah
ot i Dl L . I

(et AR iy YL b SRRAZIS 18R SRR 35 ki Bl

phot oresigft caitpblei t iapomald Teempbondsserincludee adipatenimitatione! ltokeasn t o
those of gordinary skill in_ the art. Suitable photosensitive conpounds
i ncl ude ﬁ'ﬁ@'%‘ﬁ%"%ﬂ“&ziﬁﬂgg'b%lb&@ﬁ%trat ed by "Light Sensitive Systens",

Kosarys J.: Johgy M‘éé@ﬁe&iﬁﬁﬁgits@ﬁ“‘%ﬂ%ﬁarh&?@%s@ﬁ@@ﬁt@ror 7@{‘}10@%@9[)%@@@1% es of

phot oSensi tive conmpounds otoacrd generators salts,
hydr oxy makssidninidist ordihatye sease] @bich &z ovellihmewin tomahese Skiteddlimitheeartst

ol vont <SRaiYn sTerét ai SlpuR: DTGP GBI RIS Qe rATTER 1 i ng

- 197 P FRiEndaTbeshd PDlodAs ARLIBIIELIRATORnY MidibedneR efdfatistr © of-
phot osenskxdmples ofpydracarbyh geoupsninaladesuf fi ci ent t o phot osensiti ze the
30 (1) hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl),
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-, and
alicyclic-substituted aromatic substituents, as well as cyclic substituents wherein



phot oresi st conposition, said photosensitive conponent conprising a

sul fonate ester nmade by reacting | ow nol ecul ar weight oligoners of a film
form ng resee3ibhe ol i goners conprising hydroxyl groups, aper/pmAdA1Rky the
aforenentioned nethod 5 utilizing static m xing and centrifugation in the
liquid/liquid centrifuge with a di azonapht hoqui none sul fonyl chloride; and
4) a photoresi,st solvent; to forn1the6&)otoresist conposi tion. The

esteri fi cdh®oAng eicconPidfedndareughe angtReroPeidign apf vibiegmrolgrulgok@ds ot he
filmform LS| Ry i oxyl groups and the 10
di azonapht#’“@&ﬂ@%hﬁeﬁggﬁ%%ﬁggh%@?&%ié?flg%?g‘pi cally a partial esterfication

_reaction, in wiRrisubstitutdd hgéirdcaebareaabstitaeiydtitatyis, Gubstitients coatmtiag W t h
the acid chloride functionality of the diazonapht hoqui none conpound. Thus
the nol e diondaydrogargan gravps whieh,t iRcthevgpritedefathiss investien, éeniat\aliskdben t o

controk t f rdy ko I e i : J t he
oxtent Sof RSP yRediBbT Subb ot fo.6 3l Bsnddh i EnGrE Bl Tt
from 10 t dhyd@Sxy, Oullkoxya! rhagaptb, erdlkyl@rrcapta) nita, ednigoss, f andt heulfoxy);
resent, i nvention include col orants, dyes,

phot or esi st conpositions of the ] y . ) g
anti-striati onr@gehﬁt@[o I%ﬁ@ﬁ'twtggémts Is,osupstifgents; xdhish, auilesikayving a

t , | t g nan-j.oni
Ut act anPLORAMERITHAEOCnER (HRbGR"n MiFiechivsd A 8% ndeBfi cofif, |

sensi ti zeotherdtem cardorbdd @& aingher pthainrathemtise conasesed of i carboat stdn@nt o a
substrate. anpl es .0 ditives that may be used together with the

e.  Ex f 8ge alfl .
phot offlsi diete $ tinelHEe o3ulfure oxygan HRitrogeRN ANE FeRGRM SubsitueNtisopet 2B

42000 IPRrafty RFg) iERyA iRz bonetgh 3 mobP R thE, (eGR40
at one tomaere then one nontyitrodarbeh subbtittedt will bé @resertiforévawi tghtcarbom he

filmformng resip and sensjtizer. The, dye additiyes help praovide increased
resol ut i oftHYS; 'Hhﬂ?ﬁ E\VH&’Q% W grouR; e‘iyph"éﬁbft qrﬁh‘fv'"oi)le Qe NOONYOFRRAEDORO

Anti-stri ?)Ebgﬁ}u@&gg,g?w%@tgawghﬁp up to a five percent weight |evel,

based on e conbi e filmformng resin and sensitizer.

| ene; acet al
yl resins,

resins; pHerBR SRR 3 : in {akin.a stal _
at one to ten ApbHAistéRidhhe! Sre8bat MR iIbdenHanY) the Ssoldid frofi a? E:

filmformng resin and sensitizer. The plasticizer additives |Inprove
coat i ng progdheiseivent frame biiner istaticamixes fabpetima peariod sufficienh forf efficient m

that is snmoath d of unifor hi ckness to .fhe substrate. 5 Adhesion.

or omot or AN A8 1Rk B RE (The plSerR pVidyioieriitans Hhé uss of bii afin-

bet a- $@, 4/ BhdCBGLAIME otbfiFed iRt Mowier aRgine PmRIrS Yaredpidméte - a8t hy |
met hacryl ate; vinyl trichlorosilane; and gamma-amni no-propyl

tri et hoxy#hasgrdfer line prospestsyel & eantinigiugiRrocesss , based on the conbi ned

wei ght of the fjlm.f ' ' NSkl zer. I

enhancers t hat Ihﬂl@ebrgf){?sr%gaﬁﬁ% gﬁgﬁq&?@%":‘?%ﬁ%@mg@ffﬁ"@g&iﬂ%’?ﬁ%ﬁFQ%’E| ni c
acrd or npidgspanholniged mdNetls.upin arp iddineemb@nt ingeadtofl @Mﬁih% thaigsdwith 4 he
conbi ned weight of the filmform n%ér esin and sensitizer. These enhancers
tend to i Moteized mixer efersi pympingr thent thireeh eeripgt ling Anengan mixdiuids: ag

expos a : S .t hey | phi LANS en
poedtor e dEBEMEmZIrFRTon A pineifRe! (EIAEIHRRS BravaR bl igdCald

degr ee of uAderaixing,asndmegsisie fouling fin ahd; pipes. andhidbest heThepeaedvisuams of
t he photoresi st coa}ti ng will be dissolved nore quickly by the devel oper,
t he speedM@inanance Wige AndinegdnQ,8RAr RatiSger | oss of phot oresi st coating

f th ; ) : i
 Composi i on’ ) PRcfte FikErS: pldtius MtGEHe iRl M bEA Pinsilind rdd Bidksire
conposi ti ?nanr?ési—mmh tcs 1560 ps@inﬂ'e_sn"nallthQZ&JBMiﬁngi@lémdentsegnpm and gtnbe_
coat | of .t he otoresl st s utl o onasusrate an subsequent rvyli ng.
© Non- i Bhi CMIXE$ A% SACUTQ AttGRNEh, 0 {68 MXGE Wl 5 dpiesialnprassurto SIRRIRT0xy
oly(eth ; I 1 vel s,
sty on SRR KHaeAeRenLahY SRIPTIONY VA Hlfho Statkimhdrd b Hikarbocs
Pr oduci ngnet mbee thebugh thefluidoethe Huid moves through the mixer. Various types of




The present invention also provides a nethod for producing a
m croel ectronic device by formng an i mage on a substrate, said nethod

conpri si ngwo é31priovi di ng a phot oresi st conposi ti on producescBipdiigssany of
the 30 aforenenti oned nethods, i,e. the aforenenti oned phot oresi st

conposition conprising the fractionated filmformng resin, the photoresist
conposi tion conprising the speed er_1hanc1i0ng conposi tion) or the photoresist
conposi t i eammerpial n-ige nmikerssareravailaile fromzaemmercial veronrs (sech as Gole-
thereafte{D rﬁg@ti ng a suitable substrate with the photoresi st conposition
fromstep 55 ) thereafter, heat treating the coated substrate until

_substantially § lorRf epshodbni, Stheetiliee Geribvive - effisRne rARdig ds tdle lerttad

substrate; and then renoving the 5 i magewi se exposed or, alternatively) the

unexposedse¢angds, andiin @ng emkedimeptat lgast 3@ secendsui t abl e devel oper.

] Subs;gftes suitable for the present invention include silicon, alum num
poly Ic resins, silicon dioxide, doped silicon dioxide, silicon nitride,

tantal um dfcﬁﬁ&ﬁd% Rdktvifd irbﬂ%] anelesoaritdroni by it HaligdigRRY contiffuees: gal | ium
arseni de an ot her suc oup I conpounas. e phot aoresi st

conposi ti ons piBaudbduney frofe CH&sdr thee segrnst salyest o sier iuaee Ingxk fied abl e
for appli i I Sl | )k I 0x| de- cogt fers,
such ag. oo B SPHEIER, et AGHE i & FRUIGRIou BBotindg. o6 47 il et

m ni at ur i ges ifélécﬂggath@dnmrr@ Yrdm Gap e etheSseodndahlstipornfedding thansezonte

waf er 15 can al so be used. The substrate may al so _conprise various,

pol yri} i cselvenihsystemfeen:sten by intastharliaud/lplig eentifuge At asfaqd fpde ratia of The

Suich e tE HIEETEOR ARAE S BGAT Pl HESimitoat 8P K IR e ™
di si | azang ¢MDSand 20 ohb enmiisdiment 65/35010r38/65 ! atan teraperaturensf| frerd O°C wie

substrate by any conventional nethod used in the photoresjst art, including
di ppi ng, R MRHGUMEeMPeiRirathatisi lese dhan e botias pomtefdbadlowgst hejling
exanpl e, i SOl Ut S Lt ﬁ,geq.‘é nt age
of soli dsé@g%rtﬁtgﬁttﬁé i"?n%?%é%%e@y gﬁtl et%mbggto\iﬂﬁgé}g?&? e 'e@?rtéﬁﬁeﬁﬁgﬁeﬁess,
gi ven g herangee fedbms p0hito 129° dgss pinzm tthetbdilirge goimh dof 2het loevesitnbgitingofvatarne

al l oned for, the sginnin? process. . Suitabl e substrates inclpgf silicon,

al uni num iNgsgibleegolvente s fmene smbediment hejactug prrareratyref taedingiés 79t | i con
nitride, gy alum copper, polysilicon, ceramcs, alum nunifcopper mxtures;
gal l'i um arseriide and other such Goup I11/V conpounds. The phot oresi st
conposi tion i sincorse ethbodimenththesmiddureafrem ¢rahd the soharddystedd frombb) et e i s

Femoved. 6 Bie e G THR b Reiio PHERRL{RICH AR HEna chPeaeGllbof MPT ol ves
heatizg thgnmpPahRAighI RS iREE 18bd pArRITPETRE UEhtiflRe éAF b drhPiguidAiguid om 30
centrifuge capable of performing the specified steps. In one embodiment, the
liquid/liquid centrifuge used is a CINC™ Model V-2 liquidfiquid centrifuge
(Available from CINC, Carson City, Nevada; web site: http://www.cinc-co.com).
This liquid/liquid centrifuge uses centrifugal force to separate immiscible liquids of
25 different densities. The unit is comprised of a metal housing and stand, with inlet
and outlet ports, an observation window, a rotor (its only moving part), and a motor
connected to the rotor via a flexible, direct coupling. An AC inverter drive
controller provides for precise control of the rotor speed. The fiuids are
homogenized in an annular mixing zone, and then directed by bottom vanes
30 towards a rotor inlet. For applications, where premixing is not beneficial, an inner
sleeve can be installed which limits contact of the fluids with the rotating rotor (i.e.
two different mixing heads corresponding to different shear forces are available for



seconds to 180 seconds on a hot plate or for from15 to 90 mnutes in a
WO 02/ 31011 PCT/ EPO1/ 11357 16 convection oven. This tenperature treatnent
i s sel ectaoamiorider to reduce the concentration of residugdm/gmliMesizs i n
t he photoresist conposition, while not causing substantial thernal
degradati on of the photosensitizer. In eneral one desires to mnimze the
concentration of solvents and this firs erature 5 treatnment is
conduct ed thitunit).s Gentdfivgabiorsesdnithe range: otéo “00sg'8 808 hegensratastbwthisa
thin coati nﬁ ﬁﬁg%hot oresi st conposition, on the order of one mcron in

t hi ckness, H S on the substrate. In a preferred enbodi nent the
tenperature is from85C to 95C. The treatnent is conducted until the rate
of change of soI vent rem)val becones relatively insignificant. The

t enper at ug ae £ penlfde@@ds on the photoresist properties

Coating t .ynéi‘e#%eﬁ%ﬁ%m ek RHCETRROS R PP kol

radi ati ond)éndde thé ligaid/liguRt ceradiugbians rabticnalapeke Rafiltiait tbrsepardle thg  to
450 nm x-ray, electron beam ion beamor |aser radiation) in any desired

pattern, phsdIR &0 Btep 8) dito twossanasalecphasass andetigreaftes colleeting the two.

P! o1 snBhfye oGRS Sh0% URATIT R bl R ST Thy” PR BabRle

treat ment cogiaifas, WhbRIE tivs hahvier pRase (lapoemprisdd theRighe P indledlar weigrs rray
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seconds t c t u (o] [

oven. The?sel%poégd?g%bt@:ea s? Sg&ﬁ.}ds&ij\’ﬁﬁr%ééﬁa dﬁ%l@é&e& }éggén@\?e t he
| mage- w seompmesdbwrnmecnﬂlapwetghveh@mbm obthet filin forminteresieXpane ¢eabads
(negative photoresists) i mrersion in an al kal i ne deyel opi ng sol ution or

25 devel opelyent system wiph aemmqsmnt puehbas 10r2%q 6f the tirst selveptsystam. y

d,
g?: E)\?/teg togpkﬁy% H]Woéée%}.g ope&mﬁlgpn@%t&%ﬁ%ﬁbépﬁn 1 al {){ 8%@“@{ t he
phot o1®si sucle @stdimgréatsimbrs stetragvers pemtantere x hegsamers, hﬂpmmaecboaames
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conduct an optional post-devel opnent heat eat nent or bak€ to incréase the
coating' semlimehmemt ainléash8d¥c ahdrie Kinet embedimentt athieast 405Uy weighird théher
subst ances. st de msnt heat treatnent WO 02/ 31011

PCT/ EPOL/ %’a‘ﬁe@gﬁﬁk QREBhe oven baking of the coating and substrate

bel owy he Coat imone sRfboRithénst, IR Nhixtdrd ishdetaldd it ARPebaabS Qi‘fieast 50

particularly in the manufacture of mcrocircuitry units on sili con/5|?| con
di oxi de- t rgveluionstpertroinute kremje praferaily frobs 608tte SGRG0 kami mest poeferabily a

buf f er ed) é‘%ﬁ%ﬁ@@f@g d base etching solution. 5 The photoresi st

conposi t| thl nvention are resistant to aci d-base etching

sol utions and py ené dgnisddigrht Wﬁem&bﬂatsmﬁt@ystém |Hﬂﬁém9ﬁféi| pHageofLg S St
coating areas of the substrate. 10 Exanples The fol | ow ng specific exarrpl es

will pr oleI@O‘CRSi by déillation $a affordthe low m@%emo&wmrsmmMmm@ thedfirst

't crfia. SRy of horBiuitin bF iné I FPoiebUER b olalFagCH g, Al 3ot

any way a@;dsterlncndmb@oge@anréagswthétﬂonﬁulaﬂonlodarrmowedist tempositiahanet ers or
val ues which nust be utilized exclusively in order to practice the present

i nvention. UnlBsone: waihgdimenh i theeRreaént javentioandhpeheavies phasenyH)
et ght s arambABA e HiderhRiqdidARERAE aERbndid fe MRoRPRd R He s i

an abbr evfirst @d)l\iem mybt&mZE racytleti theoagimi thet eentifaeplalon with the second

30 solvent system to improve the yield of the low molecular weight oligomers in the

isolated lighter phase. However, caution must be exercised in that additional

iterations of this recycling can cause the fiim forming resin to be further

fractionated. That is, further iterations of the recycling step can remove higher



25 A static mxing assenbly (about 4 feet |ong; tube dianeter approxi mately
0.375 inch (0.952 cnm) to about 0.5 inch (1.27 cm) is set up and 2 parts of
a 30% of wowmnbak resin solution (made by dissol ving 500 mom1Q§3s5a
proprietary novol ak resin that is an acid-catal yzed condensati on product of
m cresol, p-cresol and 2, 3,5-trinethyl phenol with fornmal dehyde in 2000
grans of ethyl lactate) and 1 part 30 d n- hexane is run through an in-line
static m wioleculasweighy oligomess frohvther tilmeformingrasin,neausing tteolightenphase or
the resin,solution: 118 m /mn for th exan rati o _of resin, solution feed
ace Lo heaREarEaln B8 oy ibiBguBs weithe dPRATY Hirfbiscin vedeterd) A8 WAL FR
S time int | by % by, i s about 24 seconds. The m xture WO
BRI PoasyoRLr e

02/ 31011 11357 Ing fromthe static m xing tube (assenbly)
i's used as the heavy phase inlet for a CINCTM Mddel V-2 liquid/liquid

] centri%ug The light phasejinlet.far the.centrifuge is n-hexane, which is
fed info (1 delng FQOIESISL LOMROSEONG / i n. The ratio of the feed
rates on a wei ghb drasét ihVbnticHs alboSHovide8™ hibthed I pidiiiciy A Hotorekie S
m xer) to hexane (ég}gi ng to the cent@liof uge) correspongs tom%: 03’5:0. 25. The

r ot at i onakcospesitioof saidenethodr¢dropesing: [Bevidingoan admixtkempf:d)a fractianajen

h . t. of t.he |iquid/ trif ' l e 1 j i stilled.
Femve. soliFaAueingiresinaoniiing Bl maeiuvpORTRAE ow 3L e b (FidS soc
over ni ght ecfhe ghgulfidchionafdd dfiing PeRMAE | 268ini drodacéd Naceerdilyy & d ik i ed
overni ght at 40C and about 20 mm Hg (torr). Size exclusi on chromatography

(al sol&noaforemeatioged mashad atiligng dine static saixapand tiertiyyidiiguis eentdiuge; 2)

i ndi cated th i ght.. I I i.gh . 6

(Cor  espoRdPg R ale: SEAIERERN | Ky il Siodnt codthiieht B Atiiteriliie, o
ol i gorreri ﬁhaﬁir@s*nétabomboﬁvﬁeﬁﬁlaﬁd?:s) an’ addkbaale pho®réesish sbivehtieto( fififn T8
resi st as an added speed enhancing material in addition to the bulk

phenol / f ophelogedistazompasiiolised as the primary binder (film 20 form ng

Cont i ng t e CamrepduAVERH ABoliblicks b d 1OL bRy bR 8 %kl o
ai ni ng ¢ he SIHEPIR _ nats PRt
o T O 53 31011 PCT Robg/ 11367 110 Thbl e Lo

of ol i gontasing 2} aehoisenaiva coppranash it AMpURY gHtficient e Phalasensiizathe

Sor ouPROREAN, BBt 0 ko, 5hragith Do LR, Kol 04N
molecular weight oligomers of a film forming resin made by the aforementioned
method involving the static mixing the liquid/liquid centrifugation; and 4) a

20 photoresist solvent; to form the photoresist composition. As used herein, the
phrase "speed enhancing composition" refers to a composition that improves the
photospeed of a resist composition. Typically such compositions comprise low
molecular weight monomers and/or oligomers that improve the photospeed of the
photoresist composition.

25 The photosensitive component is well known to those of ordinary skill in the
art.  Suitable photosensitive compounds include o-quinone diazides, as
demonstrated by “Light Sensitive Systems", Kosar, J.; John Wiley & Sons, New
York, 1965 Chapter 7.4. Other examples of photosensitive compounds include
photoacid generators such as onium salts, hydroxymaleimide triflates and

30 diazonium sulfonates. The photoresist solvent can comprise any of those
disclosed hereinabove as the first solvent system.

The present invention also provides a method for producing a photoresist
composition, the method comprising providing an admixture of: 1) a film forming



ol i goners (Exanple 2)----2.46Ethyl |actate66.3066.30n-butyl

acetatell. 7011.70 ' A proprietary photoactive conponent (N ppon Zeon

Chemi cal @@ zxnenprising a partially esterified product maseypy1/igRet i ng

1, 2- di azonapht hoqui none 5-sul fonyl chloride with a phenolic oligonmer; Zsane
as NK 280 except that the degree of esterification is |less than that of NK
280; 5 3proprietary novol ak resin as dektribed in Exanpl e 1; 4a proprietary

speed enhd@8iB; 3)opholpspnsitivecermpangntiin ag aimeu sufficientionhviosenstize the

wat or's- t o HRLOERRE CoRRRffary e PRSREEREH e NSRRI oS Rl o
through a dsesitmags Fby&edcld?/bh\pmlbdeﬂdrhmﬁghtﬁ&ligb!ﬁerdw @ filpeformirtpresni,ahe are
conpared for photospeed) depth of focus and resol ution. Fornulation B shows

conpar abl &ligadess; GeBwprisPg-hyedrpxigresrs anstmage i they ataremestioned methed on

. A, 15;co apl P Lor. bat h.Eo i : nd..8) ., and
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3 Fi f t een digzmaphthoyuingneksulfasiyh chiorigeymand 4)ma phetdresist ebivent; a8 temhitds from

the |light phase extract of the centrifuge obtalned according to the nethod

of WD 0Pholwesisbeampegitipn.1357 20 Exanples 1 and 2 is dissolved in 60

grans of ganmma t : ' ) .
1, 2- di azonapht k@éu%lﬁng&gﬂgﬁrle? éﬁéf}? DW%brrl}Hie. ﬂ#ﬁ‘ﬁoslgﬁt‘ud?{ Y8 'qhst oélg8[nee(|js to(g 10C
in a chil tiesl vilvher forairiget eskih | adimpridhey eadactive 1hidrox@m gfoups and  the

met hyl nor phol i ne i s s| y added to the solutjon and the solution is m xed

w d ) . ol U D
o G irranaphihogBIsone oy caaridaris iyRCAll A melia)f sstarwation 1S8Rt on | s

201t a1 on " HOACHRTE B e felchyd FYRRAG! Hidtpsie JoPCwih e BRI Ehiorge

acid at afarstionaktywf¢hetidzefapithequirtmstéongoaald. sThus tlie hiale od eqvalemd t he
filtrate is, preci Bitated b&/{éaddi ?ﬁg it at 10Cto a mxture of 500 n
dei oni zed '3liseOof 4h8 W Feacianisaard cargfu 80 stog98treb the «xtent: at dke out .

The solid P LN gﬁ@c{& I Chel | ' [ i's
di ssol ved elg%?%?ﬁ%mo cg%%. ?neg%{%%i pi a@ggt,gﬁé’ggf&?lngi?%@ﬁﬁgéﬁégngnrgg%lfu I on
sl owl ¥5t 0 5adbiddk cantkinonezetbodineentdrom i@ ta 7% nul ar yel | ow br own
precipitate. The solids are isolated by filtration and are dried in a

vacuum oven at 20-25 nm Hg and about 40-50C. About 14.8 grans of esterified
resinis @tiﬁ%ﬁhp@ierﬁge cal cul ated degree of esterification was about
5-10% bas e I chionmetry of the reactants for the esterification
reaction. Thi sOpdibpal fingrddiess nfoof tHex phuiteresist scampdsitions hef [thet peegente
conponent ., (PAC) in ositjve photoresist,.c osition, conprising 30% of
For mul at | BYeBIoRA TEUIE o PRIV Bon e SElPEEB0RnAGat;  BYBIG SaRRRled « o
the camtr ﬁlasﬂbi%%[ 88h&sioR PréMBRS) éspééa hiariBersiiddNVerfts afdiduchirzgagent s
used at the sane concentrations. 2 30 WO 02131011 PCT/ EPOL/ 11357
as non-ionic surfactants, which may be added to the solution of the film forming
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.I.
25  No. 42535), Crystal Violet (C.I. 42555). Malachite Green (C.l. No. 42000), Victoria
Blue B (C.l. No. 44045) and Neutral Red (C.l. No. 50040) at one to ten percent
weight levels, based on the combined weight of the film forming resin and
sensitizer. The dye additives help provide increased resolution by inhibiting back
scattering of light off the substrate.
30 Anti-striation agents may be used at up to a five percent weight level,
based on the combined weight of the film forming resin and sensitizer.
Plasticizers which may be used include, for example, phosphoric acid tri-(beta-

chloroethyl)-ester; stearic acid; dicamphor; polypropylene; acetal resins; phenoxy



21 Table 2- Formul ations used in evaluating the esterified resin of Exanple
3 as a photoactive conponent. Fornul ation C (Control) Fornul ation

Dl ngr edi emGovdagimei ght % by wei ght NK 280" 4. 04- - - - NK 240 1. &8r/epoiN@ysd! ak
resinl3. 8213. 82B 126- SX' ' 2. 462. 46Esterifi ed novol ak resin oligoners
(Exanmple 3)----5.72Ethyl |actate66.3066, 30n-butyl acetatell.7011.70 ' 4See
footnotes from Table 1 5 The photoresi st* conpositions conprising the

ni xture ofesiosmangt alikyl cesing Bt ane dpitencpercent avaightalayelankassd Aredhe

ul 1 avi of EPRRRRE el 8% M Rl e 9l B Rty The Prassfine Bty cn

_coated, exnpERe me%o&mg@apﬁmwa@hmdﬁhlrm' ériable.thed Bpplidrion ¢fruifmtl ng
t he useful ness of the o oneric resin product as a photoactive conponent.

Exanl ol e Ihatiiggmesth aaﬁl@fymfommlelﬁt% tPﬁ'@e ﬁubﬁfﬂtﬁges of the present

tracessor an unt BRI RRROe R, bBR R fe Ukl nehPey Yot iR, Bt T,
when f racbp@ﬂﬁbydoh@xylyeth&hﬁmetm)xygraww bavwethyl- eisuém-mmghtm@thmﬁmre%

according to the present invention using hexanes as _the second solvent
system aMa@vhin@ilepsilang i andrgamed-amirePIARYS ArigthowssilanecipAp a ¢ Reseefés of

material WO leveL "pHsAE: onf e M0uBbME el Bt 15 s RBDBO TR A e o
of m cresgénsitizén eDeVelopmbntispasdenhmeen thatthad, Be dsee inthldd) d606xarmplehe

presence of a catal ytic ampunt of oxalic¢c acjd. The wei ght WO 02/31011
PCT/ EHDL/ Riegs 7acid, awetlaleea%médmrawnwﬁc@m tgra ?ﬁep?mﬁﬁt edght level,

unfracti opacedl dp He%bﬁ’n%? \Q !gﬁ? of rtﬁ%tfh@“l%trﬁ\ﬂwoqg?fénﬁ%n%r S ' ¥Rb&S Y

6100 (using polys yr ene s racti resrn

pol ydi sloeeﬁlnar)ce(rwetegdttoamerage threl miulbl&ty Wetrwwphowrr@ast cyatirag i wottethea ar
wei ght; MWV M-) of 4.81 whereas the pol@énﬁ.'persm af the 5 fractionated
resinis meﬁed Angi Ynexposed a1Rasn andet aYr gt 4iSe d@p@PP'K@E‘OH‘é when i ¢

m xers ar t I ond
ol vent - SSRThPEUEiobmEnt istif bl PEHiRerafgh bvaR budi eSiE detfes 6F
separbf i ooom’rasthnay ba/saohimad ae, \mngrthecdxpgsmkaeeefsrdrthemm@lslsmbanmg ar

wei ght fragt aln urve a), represents the, un ractlon d resin

e Vb GiesVe o ugRY Py 418 ReveRpaL, Thessoessh anbanses, vl ralo ar M
of 0109 apdi® ggrygr ﬁ)@@ro‘fbh%td?ésuétc?é’atwlg'ﬂd?nttﬁ@uﬁ ﬁﬁdée@%sg resin has an MV

of 6328 | spersity of romF is clearly seen that
the intensity Ehesbh/ehm/mmjlmmeaent/\m tylletovelralgoomposmpaaman(ampnatrd)fmy) at
hi gher ettoeggj% yt {Nrélegﬁ”?t c% thtehgoﬁc{salcrg 'tr?é' aéoerﬁlpcgs?t?on a"églvents, of course, are
20 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 10%

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

25 Method for Producing a Microelectronic Device

The present invention also provides a method for producing a
microeiectronic device by forming an image on a substrate, said method
comprising:

a) providing a photoresist composition produced by the any of the

30 aforementioned methods, i.e. the aforementioned photoresist composition
comprising the fractionated film forming resin, the photoresist composition
comprising the speed enhancing composition, or the photoresist composition
comprising the ester.



considerably less than the intensity of these peaks in the unfractionated
original 15 resin. On the other hand, in Fig. 2, the intensity of the

ol i goneri wopemstei10f the fractionated resin are only slightportmsqidshan t he
intensity of these peaks in the unfractionated resin. This indicates that
the present process enploying the static mxer is nore efficient in
removi ng | ow ol ecul ar wei ght ol i gonerdSfromthe filmfornming resin than
t he corr ebpondihegeaiter eoatingta ewjiallgi sgbstrate swith itbe rmhoteresizd @mPesiton
Figure 3 fll so .ill l)l_strates the utility of the present invention in

sel ecti vel"9M &8 @ ng diners and trinmers froma novol ak resin using 25%
et hanol f vaiiRredfterl RBaFREAINY thelcvaRid sutsstRite uRtiesubRYAHtRRy 'R f Bolantl |
the sane proprietary resin 25 as that of Exanple 4. Curve (a) is a GPC
curve of ishemavedromage-wisewexppsing thecoated substeaiecand thengemaying pheise

 sySt e anRRIGS EXHERE L A b O LR oS siulio SBARAG RS

system apfh BBt devéiBsest atic mxer, the weight ratio of the resin
solution to hexanes bei ngS?L: 1. Curve (b) is a GPC curve of the same 30 | ow

mol ecul ar wei gBubstralesi suitabiritfor tie @resent2Ementiom dndude nsiliearsr aldmintie,

d | d AN WO 02/.31011. PCT/ ERPO1/ 11.35 i
o 905 £ cRolmegRy RieiTE. Siap diaRs  dbBed iteRy dioxIdk, ilebn s, anfaudiy " ©
m xer, t h@odpﬁgg%wsﬂtcbﬂ, @te];éﬁgﬁg,r gﬁjminaﬁi/etsﬁm infktele¥e Rl Arsémiducasd

being 1:1. inttensity o iner and trimer peaks relative to the
i nt enH] t yoiber sueh Group bV epmpounsisaks i s nore enhanced in curve (b) than in

Lo S0 el R el AR PrERsh, b Sod SADARE BIocARY o e
addi ti on, paﬁbmalny%@itfablggr_eggyﬁahgﬁ o MGl GroivAi slicdRdilicon dibRiabicoatéed

resins with yields o /0 e., starting with a pristine
(unfract | watersdpuelsas arenutilized Entheproductian 9hnvdicropnosessesvand ether

dosi red 1o GRRR IfeaBRPE BRI ESY R TR B PREuTAlRI koS W Bre o
t he sisqrtgedipaldbibergéednated resin). Exanele 6 |5 Sane as exanple 1, except

that the _El_(rw(?pri etary novolak resin is replaced with the foll owi ng novol ak
resin. A sHbsiralesmay ialsa;GpmpESe Yatows Pelymatiesiosis: sresialniraasparent o

m xture o 9 C 4 z S Lat | 0. of
For mml dergREmEls Ul 4 BBlveBfile. TS SHBSGART Myhadh o) adheliof ploffliey '
The reactlaper o$ a suitablehcalnposition,3Suétyyasvenghtonthinirg ihdsa-alityl adisitazaines aci d
catal yst. After reacti n% t he rrixturmgr about 6 hrs. at 90-95C, the

mi xture iRreigrabiy hexmethyl digiigzapadd b to about 200C, and then at 200C

o Ao T AR BB e 36 FIBRELS nd PR ot
sol i di fi esbnvestiaonals method hussgde in tpe aphbtdEegistwed; dnclogingr dippingg sprayingsi n
wth a mvr\lltniﬁlrngagr?d %&snt clzc?aiting. When spin coating, for example, the resist solution can
be adjusted with respect to the percentage of solids content, in order to provide a
coating of the desired thickness, given the type of spinning equipment utilized and
25 the amount of time allowed for the spinning process. Suitable substrates include
silicon, aluminum, polymeric resins, silicon dioxide, doped silicon dioxide, silicon
nitride, tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures; gallium
arsenide and other such Group lil/V compounds.
The photoresist composition is coated onto the substrate, and the coated
30 substrate is heat treated until substantially all of the water-immiscible solvent is
removed. In one embodiment, heat treatment of the coated substrate invoives
heating the coated substrate at a temperature from 70°C to 110°C for from 30

seconds to 180 seconds on a hot plate or for from 15 to 90 minutes in a



Each of the docunents referred to above is incorporated herein by reference

inits entirety, for all purposes. Except in the Exanples, or where
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description specifying anmounts of materials, reaction and process
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solutions of ammonium or alkali metal hydroxides. One preferred hydroxide is

30 tetramethyl ammonium hydroxide. After removal of the coated wafers from the
developing solution, one may conduct an optional post-development heat
treatment or bake to increase the coating’s adhesion and chemical resistance to
etching solutions and other substances. The post-development heat treatment



7. The nethod of claim1 wherein in step c), the static mxer in an in-line
m xer. 25 8. The nethod of claiml1l wherein in step ¢c), the tinme period

suf fici enwdewsiefifi cient mxing is at | east 6 seconds. 9. pidwepRliisyd of
claiml wherein in step d}, the mxture fromstep c¢c) and the 30 second
solvent systemfromstep b) are fed into the liquidlliquid centrifuge at a
tenperature of fromabout OC to about 13dC 1 ess than the boili ng poi nt of
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11 wher ei soaling awas Gibaisybsirate. i ts reactive equivalent is at |east one
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mal efi ¢ anhydri de, p-toluenesulfonic acid and sulfuric acid. 20 15. The
met hod of claim 13 wherein in step a), the first solvent system conprises
propyl ene glycol nethyl ether acetate, in step b), the second sol vent
syst edd conpri ses 25% nethanol in water, and in step e), the |ighter phase
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molecular weight. The unit "ml/min" indicates is an abbreviated form for

20 milliliters/minute.

Example 1
25 A static mixing assembly (about 4 feet long; tube diameter approximately

0.375 inch (0.952 cm) to about 0.5 inch (1.27 cm)) is set up and 2 parts of a 30%
of a novolak resin solution (made by dissolving 500 grams of a proprietary novolak
resin that is an acid-catalyzed condensation product of m-cresol, p-cresol and
2,3,5-trimethylphenol with formaldehyde in 2000 grams of ethyl lactate) and 1 part
30 of n-hexane is run through an in-line static mixing assembly (actual flow rates:
approximately 150 ml/min. for the resin solution; 118 ml/min for the hexane (ratio
of resin solution feed rate to hexane is 1:0.5 by weight). Based on the flow rates,
the mixing time in the static mixing assembly is about 24 seconds. The mixture



enhanci ng conposi tion conprising | ow nol ecul ar wei ght oligoners of a filmb5
formng resin, said oligonmers produced according the nethod of claim1; and
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substrate, said nethod conprising: a) providing the photoresist conmposition
of claim17; 30 b) thereafter, coating a suitable substrate with the
phot ol@si st conposition from step aﬁ@ﬂ)ﬂ’lﬁ.ﬁereafter heat treating the
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hL. AhL . Aldimulstéd into an i-line (365 nm) resist as an added speed enhancmg material in

addition to the bulk phenol/formaldehyde resin used as the primary binder (film

20 forming resin). This resist is compared directly with a control resist formulation
containing the same resin and the same composition except that a standard
speed enhancing additive is used instead of the novolak resin oligomers, as
shown in Table 1 below.
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a test mask and developed with an AZ® MIF developer, the wafers are compared

for photospeed, depth of focus and resolution. Formulation B shows comparable
photospeed (255 md/em? compared to 240 mdfcm® for Formulation A),
15 comparable depth of focus (0.8um for both Formulations A and B) and resolution

(both formulations resolving lines down to 0.32 um).

20 Example 3
Fifteen grams of novolak resin oligomers in the form of dried solids from the

light phase extract of the centrifuge obtained according to the method of
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5 minutes at 10°C. The chilled water is turned off and the solution is heated to 30°C
and held at this temperature for 4 hours with rapid agitation. The solution is
neutralized by the addition of 1 gram acetic acid at a temperature of 10°C. The
resulting salts are filtered off and the filtrate is precipitated by adding it at 10°C to
a mixture of 500 ml deionized water and 60 ml methanol. An amorphous mass

10 precipitates out. The solid mass is isolating by decanting the liquid. The solid
residue is dissolved in methanol and reprecipitated by adding the methanol
solution slowly to chilled deionized water giving a granular yellow/brown
precipitate. The solids are isolated by filtration and are dried in a vacuum oven at
20-25 mm Hg and about 40-50°C. About 14.8 grams of esterified resin is

15 obtained. The calculated degree of esterification was about 5-10% based upon
the stoichiometry of the reactants for the esterification reaction.

This esterified resin of Example 3 is used as the photoactive component

(PAC) in a positive photoresist composition comprising 30% of formulation D and

70% formulation C of Table 2 and is directly compared to the control photoresist

20 composition (formulation C) with the components used at the same

concentrations.
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(Control)
Ingredients % by weight % by weight
NK 280’ 4.04
NK 240° 1.68
Novolak resin® 13.82 13.82
BI26-SX* 2.46 2.46
Esterified novolak resin - 5.72
oligomers (Example 3)
Ethyl lactate 66.30 66.30
n-butyl acetate 11.70 11.70

T*45ee footnotes from Table 1

The photoresist compositions comprising the mixture of Formulation C and

D are spin coated onto a hexamethylated disilazane treated silicon wafer and
imaged after drying the coating using ultraviolet exposure through a photomask
under identical conditions. When coated, exposed and developed, a usable

10 resist was obtained, indicating the usefulness of the oligomeric resin product as a

photoactive component.

Example 4
Figures 1 and 2 illustrates the advantages of the present invention

15 employing an in-line static mixer. In Fig. 1 are shown GPC traces of an
unfractionated novolak resin (curve (a)) and the same resin when fractionated
(curve (b)) to remove low molecular weight oligomers according to the present
invention using hexanes as the second solvent system, and a weight ratio of resin
solution (20% in PGMEA) to hexanes of 1:1 used in static mixing. The novolak

20 resin used is a proprietary material comprising the condensation product of
formaldehyde and a mixture of m-cresol, p-cresol, 2,5-dimethylphenol and 2,4-
dimethylphenol in the presence of a catalytic amount of oxalic acid. The weight
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3(10%& () erage molecular weight; Mw/M,) of 4.81, whereas the polydispersithy of the
5 fractionated resin is 4.48. In Fig. 2 are shown the same traces except that no
static mixers are employed, i.e., the film forming resin solution and the second
solvent system are fed directly into the liquid/liquid centrifuge for separation of the
low molecular weight oligomers from the high molecular weight fractions. Here
again, curve (a) represents the unfractionated resin and curve (b) the fractionated
10 resin. The unfractionated resin has an My of 6109 and a polydispersity of 4.73
while the fractionated resin has an M,, of 6328 and a polydispersity of 4.10. From
Fig. 1, it is clearly seen that the intensity of the low molecular weight oligomeric
peaks (appearing at higher retention times) of the fractionated resin are
considerably less than the intensity of these peaks in the unfractionated original
15 resin. On the other hand, in Fig. 2, the intensity of the oligomeric peaks of the
fractionated resin are only slightly less than the intensity of these peaks in the
unfractionated resin. This indicates that the present process employing the static
mixer is more efficient in removing low molecular weight oligomers from the film
forming resin than the corresponding process not employing the static mixer.
20

Example 5
Figure 3 also illustrates the utility of the present invention in selectively

removing dimers and trimers from a novolak resin using 25% methanol in water as
the second solvent system. The novolak resin used is the same proprietary resin

25 as that of Example 4. Curve (a) is a GPC curve of the low molecular weight
fractions collected in the light phase layer using the present method, employing
hexanes as the second soivent system and using a mixture of 20% resin solution
in PGMEA (first solvent system) and hexanes in the static mixer, the weight ratio
of the resin solution to hexanes being 1:1. Curve (b) is a GPC curve of the same

30 low molecular weight fraction, but employing 25% methanol in water as the
second solvent system, and using
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pristine (unfractionated) resin, one can employ the methanol/water solvent to
selectively remove oligomers comprising dimers and trimers to yield a desired

10 fractionated resin whose yield is 80-95% based on the weight of the starting
unfractionated resin).

Example 6
15

Same as example 1, except that the proprietary novolak resin is replaced
with the following novolak resin. A novolak resin is synthesized by condensing
formaldehyde with a mixture of 55% meta-cresol and 45% para-cresol at a ratio of
0.7 mole of formaldehyde to 1 mole of total cresols (meta cresol plus para cresol).

20 The reaction is run with about 0.3% (by weight of solids) of an oxalic acid catalyst.
After reacting the mixture for about 6 hrs. at 90-95°C, the mixture is distilled at a
temperature up to about 200°C, and then at 200°C with 25-30 mm Hg vacuum, to
remove unreacted cresols. The molien novolak resin is then poured into a
crystallizing dish and allowed to cool. The solidified resin is then broken up and

25 powdered by grinding the resin with a mortar and pestle.

Each of the documents referred to above is incorporated herein by
reference in its entirety, for all purposes. Except in the Examples, or where
otherwise explicitly indicated, all numerical quantities in this description specifying
amounts of materials, reaction and process conditions (such as temperature, time,

30 pressure), feed ratios, rotational speeds of centrifuge, and the like are to be
understood to be modified by the word “about".
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© 3(10% &bY ) - . proviling % 8e€ond solvent system comprising at least one substantially
10 pure Cs-Cg alkane and/or at least one alkyl aromatic hydrocarbon solvent and/or
water/C4-C4 alcohol mixture provided that the C4-C4 alcohol content of the water/
C4-C4 alcohol mixture is less than 50% by weight; and performing steps c)-e)
below in the following order:
c) mixing the solutions from a) and the second solvent system from b) in a
15 static mixer for a time period sufficient for efficient mixing;
d) feeding the mixture from c) and the second solvent system from b) through
two separate inlet ports into a liquid/liquid centrifuge, one of said inlet ports
feeding the mixture from c), the second inlet port feeding the second solvent
system from b) into said liquid/liquid centrifuge at a feed ratio of the mixture from
20 c) to the second solvent system from b) of from about 10/90 to about 90/10, at a
temperature of from about 0°C up to a maximum temperature that is less than the
boiling point of the lowest boiling solvent in the first or second solvent system;
e) rotating the mixture from step d) inside the liquid/liquid centrifuge at a
rotatiohal speed sufficient to separate the mixture from step d) into two separate
25 phases, and then collecting the two separate phases, each from two separate
outlet ports, into two separate containers, wherein the heavier phase (H)
comprises a fractionated film forming resin comprising higher molecular weight
fractions of the film forming resin, in the first solvent system with a minor amount
of the second solvent system, and the lighter phase (L.) comprises low molecular
30 weight oligomers of the film forming resin in the second solvent system with a
minor amount of the first solvent system.
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L9V 10% & é%&h oxy?’r%noc%?ooxyhc acid ester, a propylene glycol methyl ether acetate, 2-
heptanone, a propylene glycol methyl ether, or a mixture of at least two thereof.

5. The method of claim 1 wherein in step a), the water-soluble polar solvent is

15 at least one member selected from the group consisting of acetone,
dimethylformamide, dimethylsulfoxide, tetrahydrofuran, ethylene glycol, and a C;-
Cs alkyl alcohol.

6. The method of claim 1 wherein in step b), the alkyl aromatic hydrocarbon
20 solvent is at least one member selected from the group consisting of
dimethylbenzene and dibutylbenzene.

7. The method of claim 1 wherein in step c¢), the static mixer in an in-line
mixer.

25
8. The method of claim 1 wherein in step c), the time period sufficient for

efficient mixing is at least 6 seconds.

9. The method of claim 1 wherein in step d), the mixture from step c) and the

30 second solvent system from step b) are fed into the liquid/liquid centrifuge at a
temperature of from about 0°C to about 10°C less than the boiling point of the
lowest boiling solvent in the first or second solvent system.
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13. The method of claim 11, wherein the phenolic compounds comprise m-
cresol, p-cresol, 2,4- and 2,5-dimethylphenol.

15
14, The method of claim 11 wherein the acid catalyst or its reactive equivalent
is at least one member selected from the group consisting of oxalic acid, maleic
acid, maleic anhydride, p-toluenesulfonic acid and sulfuric acid.

20 15. The method of claim 13 wherein in step a), the first solvent system comprises
propylene glycol methyl ether acetate, in step b), the second solvent system
comprises 25% methanol in water, and in step e), the lighter phase comprising the
low molecular weight oligomers of the film forming resin comprises a mixture of
dimers and trimers, that is at least 20% by weight of the low molecular weight

25 oligomers.

16. A method for producing a photoresist composition, said method comprising:
providing an admixture of: 1) a fractionated film forming resin comprising higher
molecular weight fractions of the film forming resin, said fractionated film forming
30 resin produced according to the method of claim 1; 2) a photosensitive component
in an amount sufficient to photosensitize a photoresist composition; and 3) an

additional photoresist solvent; to form the photoresist composition.
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19. A method for producing a semiconductor device by forming an image on a
substrate, said method comprising:
a) providing the photoresist composition of claim 16;
20 b) thereafter, coating a suitable substrate with the photoresist composition
from step a);
c) thereafter, heat treating the coated substrate until substantially all of solvent
is removed; image-wise exposing the coated substrate; and then removing the
imagewise exposed or, alternatively, the unexposed areas of the coated substrate
25 with a suitable developer.

20. A method for producing a semiconductor device by forming an image on a
substrate, said method comprising:
a) providing the photoresist composition of claim 17;

30 b) thereafter, coating a suitable substrate with the photoresist composition
from step a);
c) thereafter, heat treating the coated substrate until substantially ail of solvent
is removed; image-wise exposing the coated substrate; and then removing the
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a) providing the photoresist composition of claim 18;
b) thereafter, coating a suitable substrate with the photoresist composition
from step a);
c) thereafter, heat treating the coated substrate until substantially all of solvent
10 is removed; image-wise exposing the coated substrate; and then removing the
imagewise exposed or, alternatively, the unexposed areas of the coated substrate
with a suitable developer.



