;e3etlL26 Tt~] ~ 0 CT 2~2 Description Trace Metal |lon Reduction By lon
Exchange Pack BACKGROUND OF THE | NVENTI ON The present invention_relates to
a process for reducing the level of netal ions in filmform hq RET A
resins, photoresist conpositions, a odion” aw mat erials for photoresist
conpositions such as sol vents, addit ; s, and surfactants. The

present invention al sqraeé Metal Ibﬁmemamwdmrsxgﬁédqezreécla speci al l'y
designed filter elenent, hereinafter referred to as the "l on Exchange
Pack", as shown in Figure 1 below The Ion Exchange Pack is | oaded with

ei ther a cat iy >, ) ccin_or. a PN exchange resin, a mxture of
both, or a *‘l; Aol C . e HAG e ﬁ_.r\PThe resul ting | oaded Ion Exchange
Pack is especial | yref piegeAninveAfion eelatdd b aProtedsOfos rédeting itiss |e@Niorm nant s
from products such as novol ak resins, photoresist conpositions, and other
raw mat er i al snetal ignsoirofiles fetming movolak oesins, Tploteresist cempesitians,oasd and

ani ons, are renoved by an _.adsqrpti,o rocgess utilizin cation or, ani on
exchange resi9efh éQWe@P%@E'PG, ?8#? %hf_rtle'r%oﬁ'ﬁaFPB}PO&F'PPﬁegPa}b, ?Fnsg'l.‘{gﬁtsan | on
Exchange Pacleddfieisorgss snd SIRBEihtONThe Sedaftink Bt eld daeisdery
processes for produtihg ‘el ectronic components such as conputer hard drives)
sen‘ihpon](cjyf:t olprotegss tb?tl utizegr at spkecialy uasigndeerfdtenl element, trhm'pmdémeocesses,
athin filmcoating o ot oresi st conpesition is first applied_to a
Substrat e mureEEd o I8 HreRBROaHERS 4 Eibwhin FidFhq PRictG: The
circuits. Th j =1 v ate an
ol vent i n ¢ nZ amet anRYTRCIsCIdoRck Wit SHRF of PaBHPRXBMNGE TSR GBI ® 2T
substrate. Tranitraleedhange adsinird atigturé ofhbothybort aathelatingiéon eachipageéed to
an i mage-w se exposure to radiation. This radiatjon exposyre.causes a

Cheri cal L a8l niP SRSUIANG iadad ki Exsihangs BACK s ssBavEly SHERERrV si b e
l'ight, ultray ( | i; , FIrRY pflicidnt eL,gy are
radi ati on ty\ggghgbﬁ'rrh?ﬁt?/’ "Sﬁg ar%:%%ﬁ@élg%(g? f%ﬁi?% ﬁg&egrc{r@d%r; |n?dq sueh5d

m crol i t hogr amviotalpresiass photokesist ddmpositiers - and eothap sawr ematetialsciont ed

substrate is treated with a devel oper solution to di ssolve and renove
Sliher the  RNCIolesibt ok BRaaIGRS: La i dREL dans, Cabops BHY BNeG T f ace

of the substr (P i i : : loJal ong
fime in the fanRelbE ar Al R R AR Bt R R e g o
drives and caepin, eespdatively, ar teccoibirditiop dfthe twoge s suchl ehdohsiixgharige

| osses, degra'gati on and decreased performance. |In plasnma processes, netal

i ons such as B&%H-um and iron, when they are present in a photoresist, can
cause contam nati ' LR se
probl ens can be o%?@%ﬁ%ﬁ%ﬁbé%ggg@b Q%tél}%ﬁée?;dt Bﬁ\trﬁlgﬁarhpﬁjggrléﬁ'eqﬂigg??%abt%i on
process, for fexapmideciry elkdtraric ngorhitbnereatst suémaofcanimuteprttandi weines, duri ng
a high tenperature anneal cycle. As electronic devi cg?'sqnhqav? beco nor e

sophi sti cat eos,em!‘i’@@@uﬁtt%bpﬁy% Bk iplagsatedn RFCWESy e raliy.t ot cone.
v o . v e o oy .
Subsequent Ly BRCBESeS ufitHfitdtihd ot g pAULdICBEE LomBEBAR B St SbpifRR

perfornmance atoda Subbirbiet matdridl hsudeas silicdnovafersiased éon makingeintegrated o
decrease because ,of the presence of what d very | ow

. - woul d ge consi der
| evel s of net @fcyitsns ThasCeated substrate ds then %@ks decsubstant h!eﬁ‘l’%%?r alfor e
4 art / ' : .
r Sbiems has BaLSSNERLT e PROKERLILY cafibiSiton ekl (T thd BbBn Gt i

particul arly sabstrateanithe baked costed deffacei afrihé aubbivatef istriexd slibjechexbta part s
per billion in the photoresist have soneti nes been found to adversely
affect the pr8pdnagewige expesure @dadRtoR. devi ces. Fil m forni ng novol ak

resins are frequeniye oGthigh %&k)zysg@fé ?gwgrcﬁéemlaggw}éas aﬁ{rlagrsiftlhe

formul ati ons. These resins are rca pr oduc conduc

condensat i on erposedards pithe todatedl siefacde Wistblerightr ultraviolet (UV) light,
mul ti-substituted phenols, in the presence of an acjid catal yst, such as
oxal i ¢ acid ofleeosr beamnagd X-fRYy radiapt SNeEon @redgdiationcpsg sommanly. p cr

T 1 A
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sem conductor devices, it has becone increasingly inportant to provide
novol ak resins having netal ion contamination |evels bel ow 50 Bb08Tc2002
There are two types of photoresist conpositions, negative-working and

xposed | magedhts L08R, A5 PR finbBrAsH  BUGsRSBRe ° ABRLTAR, B P
exposed to t hexgidhal ) cBERRMBUbaFdoSR! HBbRd Gith deuslgser sohiibho (e 0.

a cross-linking reaction occurs) while the unexposed areas of the
phot or esi st cdiasoivg arehtemovecéithentbeyradiationtexposedor tha upekposerharegsus,

treat ment of exposed negatiye-working resist with a devel oper causes
removal of th%@rf?@%‘g%&g%ﬁ Qgg‘eﬁuqsﬁr@%ﬁ)hotoresi st coating and the
creation of a negajjg il WAt GHRAt T, it ired
portion of the undnenre;f@i'?g subtésrﬁ‘rnrgpgnsurfg%% gmrégﬁf?mgq%ﬁ%?@%eg}gﬁs
conposi ti on wabridatios idfetigh @ertsite intdyrateldacidcuitsh compmsert hasdvdrivesgand

phot oresi st conpositions are_exposed i mage-w se to radi ation, those areas
of the phot or BMBHtEro GRS, t PBENcIgRARA 1@ incEeasad €¢T8Rtspeyigid €Ssol ubl e

to the develo UL . nt, r i [.S) L e

t hose areas ng?ég%ggéﬁﬁf%c%%%dgﬁ ?Uéﬁﬁgﬁ%%ollﬂbﬁ%%kﬂc?o ? Fé%\?% cr)‘)é)%lra‘

sol ution. Thuiphstdupht 4886diam amd REAOWAENRRGY Bire/ predankima photdresisti cdn Wit h
t he devel oper causes renoval of the exposed areas of the coating and the

creation of aC@éss contaminatien eapeciallyHuripgdasmasiapping. HAgueyer, dhesssir ed

Gevel opmant - optHeTS ce e BTAfb o 3 sLBEBplS| HRERY SUfflo P BorkH
treated W th proelss! fortexafipiélaiyt uliRling HOI getteBhgorahg esatantindntsduringe. The

etchant solution or plasma gases etch that portion of the substrate where
t he phot or esi gthiglyemperalide arnagal elcleuri ng devel opnent. The areas of the

substrate where thg_phot sist. coati Si.] epni _ns C nd,
t hus, an etched pa?\segf?q?@’%&ér eéﬁvé%%i hg?ﬁebéé@%rgfoégnﬁ%ﬁ@aq%'l éﬁgsea
corresponds t gradlemahieaviiTbelomeafubl rmbRe diffide taVioverconi® s Wwhed( sili€én
radi ati on. Later, the remai ning areas of the photoresist coating my be

removed duri nWakerst aiey soatpdpéthagi bavidl pasitivg rhalipeasistcand sybsgaYERBY e

The. remai ni ng SHPHERT L EEN ag bith ©x68) WA plasmd, eglotinalii o The
etching step, sigbilitpQf ¢86 SemicorritiBRST duvideist diterto6n to/ HagreasgPacatiseand its

resistance to etching solutions. Positive working photoresist conpositions
are current | ytheipresencsyel whaywouldebewmaasifdgred siesy sow devals of iretal smser

|1y havg b L ut i bil.it] f
Character i ot B, s, Beyid, uibpBl FRBESH it SolRefRE Male BROradalbILEl i ure
whi ch the reSid‘é\/idéOfFEagéﬁﬂlyﬁﬁcéﬁ%, t p2pfifnary ca0se [dtesUdhop@IbiéKs g Been

substrate with a high degree of inmage edge acuity after exposure and

devel oprrent . founghiy baanetbhionueantgmingionciatthe mhotoresist, particdlarlysogliuni on on

vy dest 1 afre FhasOnfe WWELEIGD el BF HPAT 0D nei (Bt P Butigh i dng' ™"
vertical rel atghotorie@ist Mave Homdthés beE HoGledres Balérealy AfduRRe piepettiesed and

undevel oped areas of the resist coating translate into accurate pattern
transfer of tof sugblelectenic daviseshe substrate. SUMMARY OF THE | NVENTI ON The

Sotutions of - 111 mi PAUnFePEK EBls e FRANIEL SR & andpus biferanq
ot her raw mat qpiljufd pRBLIPESSOIRRURIIGRSITPANEdd RIS b typTcall! preBlised by

additives, dyes, and surfactants. The present invention alsSo relates to a
process for raondustingsa giondensatioroneacion betwadro frmaltehyderodesre uari | i zes
a specially designed,laon change Pack s shown in.the Eigure 1 below The
on’ Exchange. AR M- SUpFERERLHRGASIS) i, . SHhee it i afiereAEly St AR
Figure 1, so tqatogdlldit4@as of afAicP WriHydfidelY ahs pré&uididg NSophistiated.
particles. The present invention relates to a process for produci ng high
purity novol ak resins, photoresist conpositions, and other raw materials
for photoresist conpositions such as solvents, additives, dyes, and
surfactant containing very low levels of netal ions, i.e. |less than 50 ppb
each, preferably less than about 35 ppb) yyore preferably |ess than about 20

4 31 0 CT 212 ppb, even nore preferably |ess than about 10 ppb and nost
preferably | ess than about 5 ppb each.



The process of the subject invention produces a novolak resin, that is
preferably a filmforning novol ak resin obtained by condensi n@ 1 PCTallR2hyde
wi th one or nore phenolic conpounds, such as netacresol, para-cresol,

3, 5-di met hyl phenol or 3, 5-xylenol. The condensati on reaction is preferably
carried out iSenRiREN@UCioR slevices, am@&bece@paln,egeas'@giwmr@ﬂmcprawide or

mal efi ¢ anhy ol krelnsotal | s of
nmetal ions sﬂiéy%i%k F%érﬁgﬂé gsmtaﬁana%%q ﬁ%"pagkﬂng %\s §g% egeo(lﬁper and
zinc, i.e. lesst rePky n netal
ion contam nants :ﬁgergorr%ng % a5| ﬂdﬂ?ﬂg%(iﬁtdg:ngﬁb%@st g@ﬂg% “tgdgg?g met al
i ons serves aandalposnuee\aOMng)f When| ragstivefworking phetaresisbieompdsiionBat ent

5,073, 622 di scl f d I h t ot al
Codi uim and | 19 PSSy EIGvissslo RO ANB oS ahithe dPohaOmRO BP0l ok -

Soluti ons of Siposefl (BIhY TaliaBOR pECATbLE Bol bl g Geeiglu SHIBHTRY: 11
DRAW NG Fi gura éross-limkjray tneabtlm osccursy twioifea| thei enwesposdd greateof ethe

enbodi ment of the Ion Exchange Pack utilized in the process of the present
i nventi on. Tr@wqtate@l%taepqimgwmamr estativeln-siuipt o gwy@t Rolubing) :FBF'F»on PTFE

or any ot her M t h

or gani ¢ sol ve@étﬂ%epdrtg?er a%fpcps%ef I é]ét&‘?@mé#&h%%% ﬁwpﬁf g%‘l%enm ty
pol yet hyl ene. rdﬁh@meoflth'udﬁm-@(pdsed ﬁealsaogeh&qﬂiowmsist admtnig iapdatiept ed to
receive an influent streamthrough an inlet 1. The |l on Exchange Pack

cont ai ns cyl i #@atienl oh gy Hegative dmagepinftbeaepatingade TherahygHnaeYRfing, a

Okt o about S48 pORrf Bt 1 ur8ny TS e Y B s G W 1, dfciep oo
used for feedigsisti compasitionaRas eRipdsited.o Onetﬂemmtwchanaev\mk ositieh- as by

using by a funnel. The |on Exchange Pack 5 9 0 CT 2002 has one outl et
4, filter 5 aworkiag Rhaterasis reprapesitions tar@gem%edelmageewweotce radigtioRchange

Pack is seale u y Si P yl e p 7, at the
top of the as@igﬁgl ;%pe%n etrtu'iléL ggfogﬁgég%gﬁﬂ%% Q{p‘()%%{-] {c gﬁ?nés |on

housi ng 8, pripécsrabl moradmliitle oSty ﬁbeél%pé't alutioméelg. caurdau(raﬂgemenn) to
be treated is introduced through the inlet 1 to contact the ion exchange

resin beads i FPadien aseursicMalleybiosa ateasn aobrxpasachresiin relaively *Dé?“—@'%t t he

bot t om of the ntr ol
the flow rat e M%[@%Mﬁl Bﬁf‘%ﬁ%@%@ﬁg r’g “@éfé@%ﬁ%”%" H?%resent
i nvention rel phetorésistwithothes devalopee daasex rembadl bbte erpbsddnatedsriony
novol ak resins, photoresist conpositions, and other raw materials for

pEot oresi st cHigeeatingard e ﬁ:e@élogo?f\aem%yvguaage nethe phetoresistcaaiinBact ant .
T toi t t
e b coent R bodh b A ST At ST

| oaded with a cati @fteexhariEvelcpmdnt epertiopn tﬁécmgpamﬂymnmomotéwre of
both, or a chelating ion exchanggg resin. The | on Exchange Pack w ||
preferably al SEDsERE May beelreated MAth aosulstpatptetehant §‘a|h't'8ns%r Ipasedov ed

from sol ution | Med agepr ved by
an adsor pti onaa?%-geasrgd ﬁ@Qa%G‘el Oﬁeﬁgﬁgﬂ%ﬁ ?&gf'éu'?n‘%r B[%%Qf%rg%%§ %@n g{sghange
resins) in th@ohﬂ:m Gkt dsstidte Whetd tH@p‘th@Féélstrb@tTr@tw&erNGV@dlQerlhgsI n)

such as Anberlyst 15 resin, for exchanging rations froma liq an anion

exchange resi Gevelapmeny. Ahbeareas of the éybﬁtrat%w@ﬁe%h@@r@mr@ﬁ@t c&aHPStt ure
of such a rat 'sﬂ[i L gﬁél’eete%ngné Upls2a a&bﬂ?@%g‘?@? cFé'astbg\ iR rthét may

contain a chelating 1on exchange reéesi'n, SuéR

Exchange Pack substratenateriblia¢hieh Sdcxvrapendeswlthé hshotom@ask wusdd rfom/rtheh t he
solution is to be ion exchanged, means for transferring the |i UId to the

| on Exchange F‘@éﬂe("é't%fﬁ’@@%!rq ghtha jadiglien.oratendhad efr@mleerﬂreamq Hbet he

an”out Lot ¢ hr GIGICEAIoENRS iRy pPEarBlel RS 500 BEPafneRURE .76

a clean etched substrate surface. In some instances, it is desirable to

\J




31 0 CT 2002 receiver vessel. It should be noted that the |Ion Exchange Pack
di scl osed :hereitn can be used alone or may also be used in combihA:00In 28t h
a nunber of other ion exchangers or ion exchange processes. The |lon

ot detr i nent Ao RSl BRATRLRE [en b SelnrE akp e oo
present invertéfore fhevet#fing sephad friefedsy iifsy igtihesinuttd ot umdeslingr ocess

conprises: a) providing a speci al | desi gned | on Exchange Pack, as shown in
Figure 1, whi8uibstte Bndhtsrgsistance hingesplutions.a housi ng, preferably made

fro_m a _non-corrodi gg .fubst ark(}:ﬁ SLH:PTE as. ?t ai nl ﬁs%st eel, 2} oge_foror(réli{e
cylindrical bags p PHIVBNWETKIRG HRNPRIGEIP neRIeP ﬁ‘,' Wle?feacH FEPYY i ?y bags
is utilized opgrhé at]BRe RRPkinh Te8’tybbBhlisd Mee FoMRED gEHEMRIDatAvePbEfRtEr abl Y

having a capacity o romabolit 1 Kg to about 100 Kg, 3) a"seal near the
top of the hoesohdionheapabilitiés ard pattemn transfarheharactefistinsangBhetorésistt) an

seal i pto thoSBRIGHR BafTERLS R SAlBRE P A W D BaBh DRSS
ort, pref Ofif| : f the

?\ggg i ng tg thgérglgrla s%o@?@oﬁ%‘daﬁ%t%%he%?@% ggsgﬁggé h%'&lﬁs)irgng{bﬁaﬁgbgg afr)I

outlet, prefeimddey edgeutdceityt Witer exposureneahd odeselopmntow tihe neanyt of

the solution fromthe |on Exchange Pack through the seal, the outl et

pref er abl y haWepyfactaiing appligatons tedaye depisk resoluiagemihe qrder |§’§r|?$~°cl es
from the sol ugian, : L NS] t xeha [ Al ol um
or in a bat chmp?ﬁg%%és))sﬁ'&')v?nr{ %Zglé'%énsﬁ,za@g !&%Fagfﬁaap gg’aﬁrﬁgfyt‘n%lvv@g bdyés&aﬁlsél:ng

wi th a m ner athatthel developedphctomsist walOgidfitad bé inear ebrtival Felatiee to the
hydrochl oric acid), again rinsing with wat er, and thereby reo&:ci ng the

Di
| evel of sodi S¥Rgfaie; r opughyfemarcatiens d??t\é’ﬁéﬂaﬁ@égpggﬁ nahg yrday 50 ppb
each, prefera | 3 I nd
nost prefer ab?t/éér?osﬁmeteP?ﬂsétnéa%%ggﬂ%ghe?“gé %&B?@Iﬁ%&é rtg%b%&é)eplrﬂ?%m ng a
chel ati ng i onmaskhmage drisithe sabstraten a colum or in a batch process, wth
DI water, followed by rinsing with a mneral acid solution (e.g. a 5-98%
solution of sulfuric, nitric or hydrochloric acid), again rinsing with DI
wat er, foll OV‘%@W rylgjl;ng 'Nvéq-rmoni um hydr oxi de sol ution (2-28%, and

t her eby conve xchange resin to its ammoni um sal t,

fol | oned by agai n Mhaspregeit inveRlionaélates wnd prbesssbfor rethevintpmictal ibayel of
sodiumand irgn ions in the chelating ion exchange resin to | ess _than 50

ppb each, pr effopuspiutionssof; Kim foFBHING BSVRIBK, resihse Ahotaresish spmrasitiansan

about 20 ppb " ch; 3)
rinsing an anlggg @?héﬁ%@%@é @Pﬁqﬁeégg&oﬁw%tﬁ&%ngg%%cEO'}:\)’(rééz:séss,

W th an anmoniadaitived; dyesicandsuifactants?- The Jiiesent imveatienl diso relatesne ai th DI
wat er, and thereby reducing the |level of sodiumand iron ions in the anion

exchange resi Preeesseier remaving prtakians franes @ichpisplutions, (waighapieesss ppb,
more preferab luYili#c?%rstp %&I@b&&’sﬁ]%r?egi %R%%%n@?sﬁaé?{ sty ‘n”t%e'ﬂpﬁré han

about 10 ppb €ac rensi ur € a catron exchange Fesin and

an ani on exchaefsw.r Ghenion ExcHngsaPack wilhIgrefezdblyy alsonisavegaiiteh unithvaser
sol ubl e organi ¢ pol ar_solvent, such as acetone or_a Cl-C4 al kyl al cghol,

and thereby r Shawnip Rigdre &30 that sehtionmcande purified Ry alsp remsavings9lido ppb
each, prefera%iéggs than 35 ppb, nore preferably | ess than 20 ppb and
nost preferabl "than 10 ppb each; c¢) transferring an i on exchange

resin or mxture ofTHePredenba@ptibaFeRted fooaprdEdshibr poduting PigHsaritgnge
Pack fromstep a); d) either before or after transferring the ion exchange

resins) from Syplaky resinsh@hotoresist rmampositions. f arth athep ray, mategalsgfarhe i on

exchange resi rbcf'?ot&re%@t%toﬁfbo%}tiéﬂst&c%nasejs&%ﬁ&?iaadﬁi%g,ed)pé)é,aarnd surfactant
containing very low levels of metal ions, i.e. less than 50 ppb each,
preferably less than about 35 ppb, more preferably less than about 20



S '*' 3 ~ 0 CT 2~2 solvent) such as acetone or a Cl1-C4 al kyl al cohol,
followed by rinsing wth a suitable photoresist sol vent, suchaais ﬁgom)ene
gl ycol methyl ether acetate ("PGVEA'), ethyl |actate or 2- heptang )
substantially renpve the polar solvent; e) passing a solution, preferably a

sol ution of neRBIaven &ere preferably lass| tbagé@mﬂ%m and papstrprsferably |

| actate, thro Pack fromstep d), at a tenperature of
f rom about 30%'??)% OEPBQE%%%[)YG érably from about 50 to about 120C, nore

preferably from abPhé phcéss ebibetsubsttinvartionjrotiaced Byndviolar pdsingtthd0 to
about 90C, at a flow rate such that the residence tine in the |Ion Exchange
Pack is from Bbduefepablynat ddmt foranpat navolakuresin peetained| By f eandensing 30

i b h . f bly fr b h
nour s even nTaiTatlalE, Bt R, BE gete” ehkphli€ Bensdlings, DERED A oot
preferably f r&f@s@h%&raﬁ:ré@d?@?&ﬁin%&hp bg?l t@ﬂﬁ,ﬁ-ﬂﬂéﬁ_@h’l TRE¥ohaensdtfor evel

of sodiumand ironions in the solution e material treated to | ess
t han 50 ppb etadctioprisfpeefabally lcastied bahirciheupresénem bf antacid patiystaslich | ess

th bout 20 b, .. f Jy | th bout 1 b d t

pref erably | 088 CXBliR b ranlBlscAanaicer $h8 nebBli v Sbihed e A -

provides a prQgGsfou fval of Hdan ich 85 latcirgh L SHiGHY, otﬁ@gmm?'&%mnhav' ng
f nmeta su a

a very low level o ions. The | ect process conpri ses: provi di ng
a speci al | y desmgmesilinh,ccopper lamdganed ek lesssthahd@hppin eBeluiSodiymamddion on

Exchange Pack ises: 1) a housing, preferably nade f n-cor r odi
Exchanse ook RE L cobtnde W) T oBu G aLboaCE S T RE S 7
posi ti oned W bidat SYRB 15%15(?{3&8 %@@aﬁoﬂh‘égﬁ}éé ¥s gb il}?ai%?tdr%f‘l'ﬁé ldvefes one

will be positioned wthint suc ags preferably having a capacity
of from about othefgnétal mmsut 100 Kg, 3? a seal near the top of the housing 9
31 0 CT 2002 that |s_effecti to . seal the lon Exchange Pack: 4) an .inlet
positioned so as tp-ﬁi Ebé\t@ritf%%mt%a@ﬂ%ﬁscﬁ pEP%Qﬂsuﬁq?d?fo HEBgJROVAIRK seal
into the cyli ¥ ) i 1i0ne i Lhin ot {20 t,
preferably a g%%%%ﬂalvn té u‘l?gg,] Sétidél?rﬁe%t'demggg '? P o'%e?ﬂgpgéos{%t %\ﬂ?@? @Bﬁg%si ng
to the seal pdissolvingdhaenovdlak resin @i arherdenisi salyertndné)cantactirig e
preferably an Oﬁéj et ,iube, gositi gned ?o as,ci,o al | W}he,exit of the

sol ution fronmSPiionMtiEagHeRe sPItiRns QF 80 AFidiR coqpIexX forming, GPMRPURT-ef er abl y
having a filter that is effective in renoving solid particles fromthe
solution; b) 1) rinsing a cation exchange resin, e.g. in a colum or in a
bat ch process BRIEFFDESORIPZ¢ON OF THEDRAWING | owed by rinsing with a

m neral acid solutign (e.Tg., a 5-98% solution of sulfuric, hydrochloric
acid), again rinsi fdgye hT Dis it Bartiahneroshesseshionale Niewnoft Mee | erelerregd
sodiumand ir i I hg. } ek ess ch,
preferably | e%gnl%cﬁgﬁ]egg %p@‘,el ﬁri%h ?S%?\gﬁ gga%?@ Irhéﬁs'ge¢j h@nt%%sgggsasggpéﬁgt

pref erabl y no presenttineentidh. PPhe pack cafbeXhatie fon tigh-abasitd polyetryere change
resin, e.g. in a colum or in a batch process, with DI water, followed by
rinsing wi th defion® ATRE1 any ethesnmetal gondrer polymaeyicitmaigrial, whichdsi c,

i msi mg i th SRHABAE (i SrasiG st Bibreldhyof et BRER S TRLr 1 ng
the chelating gréferébmaigaeaémyrpélyeﬁhwr@mm Jure) $ howsf ah | loneExdhangegai n
rinsing wth DI water, and thereby reducing the | evel of sodiumand iron

ions in the crRackunly whishdsasaptps taroeivenan dafiuar atresm gyeughean inlet

Bna most. pref orallg 8 e BR e B EE GCBEatbads 2 RS dRRtErag 1 on

exchange resi mage &f gig?‘rgaeﬁgﬂty' pBlyethyléndt sReé hTRé @yRAdrical Bdysdmapiavel um

hydr oxi de sol ution (
a capacity of from about 1 Kg to about 100 Kg , preferably from about 3 to

50 Kg. The inlet 1 is used for feeding ion exchange resin into the lon
Exchange Pack, such as by using by a funnel. The lon Exchange Pack



3 't 0 CT 2~2 289%, followed by rinsing with DI water, and therebg reduci ng
t.he I evel ‘of sodiumand iron ions in the anion exchange resi n3tlo0CE<M0Z han
50 ppb each, preferably |less than about 35 ppb, nore preferably | ess than

i mai ng. 2’ s BN O i 16T g Do i aBh R SHPRANS B AnghP cal n
Sl vent, " suchI8; SR ERerndd FRdls "SR, 3L as DY B EP AR AR ng e

| evel of sodipotyethgleneqlaieon st thre tags of theaasseinliipb Tiwcontiner ieheExahangeess
than 35 ppb, nore preferably |l ess than 20 ppb and nost preferably | ess than
10 ppb each; R3ck isaplared rmﬂgeamhpeﬁmsx%remg@abhrsmﬁdsrfﬂ?mxﬁtamée%ﬁ Stesh

o1 Thor "bef or o1 TP, FeRtiotdy P pierenfll TIERARSRCRFoRdR TS FRIT Lo, )

to the |on Exgimagen&iek ekcivangd %‘suﬁlbeads%tﬁtﬂlddWExcthe(Ph@h@ﬁdr@@tsnS)
fromstep b) wwth an el ectronic grade pol ar solvent, such as acetone or a

Cl-C4 al kyl aheaygh the filtenbeat the bcpttpmﬁ the tautlet duta amesemebtvaseeh sf

sol vent, such ther acetate ("PGVEA"), ethyl
lactate or 2-M %ﬁ?mégggd%géﬁﬁﬂﬁg ﬁbve the pol ar solvent; e)
passing a solution, preferably a solutlon of novolak resinin a SU|tabIe

sol vent, such as PGVEA or eth I Iact ate hrough the | on Exchange Pack from
step d), at i AT [ HRED:EMBAD IMIENT er abl y from
about 50 to about OC rmre fera f,rom about nost
preferably from ab pt}%serg aﬁ%wf}{orb&at\éattoaa Pf?ﬁﬁsﬁﬁe rg@.&qﬁg hé?ta[) H)(%{S
residence tinm filfh T&Wnth@%cﬁ’@fé‘l@?@ﬁn?aﬁhoto?e:ilﬁoﬁb RYftioAsMahdt Sthef Gagbout 40
hours, preferably fromabout 30 mnutes to about 35 hours, nore preferably

from about 2 meterials foraphwtoresisthcompositions swoh eaSpsewent@bla;dditr\@st dyesit 5

h b bl b 8
P bous a0 Hend Sungiiht hﬁﬂteopr%see&ianwjﬂpn STha Tefat8s T4 &, ansialy 4" one
in the sol ut 'ﬁlfbrcgleﬁ'x@ﬂt &H ﬁfﬁ Ekcﬁéﬁb”é PQCIE Oad gﬁé\Nfl hﬁ%é@'l@ﬁ@ £a%he lon

preferably | ess than about 35 ppb) nore preferab | ess an about 20 ppb,
even nore preExchdnge |Raok tlmaloadbdumtho aomanoanexotmgqarresm,aanyanm t han

bout 5 b d t t Lti
Component i n' SiPhaRGR Bt bR of iolhnot ebRlatine nnEhangs sral de
COMpOSi 11 0N;  fph EREhAMYLOPakk WAPpreférot} hiko Rdvaima $ilt8P sB)thaldolfd particyds' abl e

phot or esi st

can also be removed from solutions. The dissolved metal ions, cations
and anions are removed by an adsorption process by an ion exchange
resin, or mixture of ion exchange resins, in the lon Exchange Pack. It may
contain a cation exchange resin, such as Amberlyst® 15 resin, for
exchanging cations from a liquid; an anion exchange resin, such as
Amberlyst® 21 resin, to exchange anions; a mixture of such a cation
exchange resin and such an anion exchange resin or it may contain a
chelating ion exchange resin, such as IRC®-718 resin. An lon Exchange
Pack unit may include a storage vessel (housing) within which the solution
is to be ion exchanged, means for transferring the liquid to the lon
Exchange Pack (such as a funnel), optional means for controlling the flow
rate of the liquid through the lon Exchange Pack, such as a pump, and an
outlet through which the purified solution can be transferred into a



solvent. The novol ak resin solvent and the solvent used for washing the ion
exchange resins) may be identicial, and they may both be identg ¢gptt go0p he
phot oresi st solvent. A chelating ion exchange resin) such as a

or ssent . procdeev el el RLGIIE He BB HINEERE 1oh3pefBl et AotbsBl  for m
1 om Rohm anherae o TEsedal6ne AYEHRY 3ol B bl I Gofitatatior? ity aCiel ox

100 available as the sodiumformfromBio Rad Co. Before being utilized in

t he process diunlber gfrathemion; exchangers ont i exehange PEPRRsSSessin to be utilized
must be rinsed wth deionized (DI) water, rinsed with a m ner.al ,acgi.d

sol uti on such as aﬁﬁ)?%ge‘@ﬁ?”éﬁl AEK Bay:Pg @aﬁﬁtfr?m,aw ﬁ@%ﬁ”ﬁj m?quﬁ wat er

agai n._ 11 nSeqnial lordfre8ARY HEL M datifBntetly ihiet BctoWitn (the sl b 8621 1

with DI water. en purifying novolak resin“solution, it is critical that
t he i on exchdogesxchangeds Thepresestethvention previdesra métabdi for quurifgingbl e
with the novol ak.resin_solvent. The povolak resin is passed through the Ion

Exchange PaclSUWRNS: WMIiRh PrRCesseOMRiISeSor m or the acid form of the

chel ati ng i onyexc : i : i 44 | f.about
20 por cont | ol et edins H Sosdiafly Misigld Ior Bxcfiatioe FadiC 48 bABWAIin "
propyl ene glycol rEghsd gt Wwhichaden aExchafgeERRck Scarmprises| Ak a dsousisg! ut i ons

i 2 3 ~1 D CT 2002 typically contain from about 250 to about 1000 ppb each
of sodi um and i r orPTeiablymmatadrame perreededing substance; sueh as\aaiNiess, t hese
| evel s are each r S .0 : p ae. or nt

i nvention provi degﬁg&g?%)ég)g% 5rmp??%d%@ﬁﬁékgﬁgln%ﬁo?ggﬁigﬁggoyp@'sr?tlﬁ%ﬁ and a
process for produdhousingnwvicemduplusdlitd @i ibzags isitiliged whe willbbe tpasitiingd
conposition. The photoresist conposition may be fornmed by providing an

adm xture of a phovdiBntie: pthes, skch ibagsrt Bieleragn bavingka reanasity »fi fromg

according to the fent r } j i |© o
phot or esi st sol veﬁ%&a@a‘?@t}f)e&goo v@r?lfgbf g?ggél;gcdrg?%ﬁ{)?ﬁ)?ég? ??stﬁglrbgﬁflonlg
novol ak resins maythatcdkudffeptiviptbesealthie olonmiixehahge | Patkied) anojniétene
gl ycol alkyl (e.g. nethyl) ether acetate, ethyl 3-ethoxypropionate, ethyl
lactate) m xtures PPSiengd sg-as \eoaNgw o diteadiclinn oftah sPiutign:thfqugh the

2- hept anone,, buty [ 1 [VAq 1 Yo ann hyl
et her acetate. Theé%é;}gﬁ{eo?{rhgedczlﬁ@%%{ ggggg 'gr\s(')tby ééwhg'ﬁgﬁ’yg*o%’ﬂgrlé'?ﬁ@r %Zt er
acetate (PGVEA), -eglipfort, grefirablyZ beppartingaulsecthat Bylendsetdimibie beftomnat e

(EEP). Ot her optional ingredients such as colorants, dyes, anti-striation
agents, |eveling agktheshogsingitpdheesesl pasitionedneaTotine: @psof tebausingancer s,

ol vents and ch [, o0l r t ant. o the
gol \ljti 0?1 of n?)\ljol aéHé gi%h%%ﬁ?’?@@?'@%%@%@?? %'@?@ﬁg%ﬁ‘gﬁ%&é}su st
conposi tion is coatirdegittol thessdlatiomtirom EkenpheBxeHardee PadRithrolegh thet may
be used together with the photoresist conpositions of the present invention

t
i ncl ude Methyl Vi ofeal, ZBe cutlet Nereferablys)naving & diltey $ralt ig effectiyesgs) |
Mal achite G een (Cf\%m°%81?é¥igg’[%gﬂgg?’t°% lr?e %IHﬁoﬁD’ (C.I. No. 44045) and

Neutral Red (C. I. € to ten percent weight |levels, based on

t he combi ned i ghtl) of rasingad clidns exchdrigeepesiihe.glyien adeblumresdr el
provi de increased resol ution by inhibiting back scattering of light off the
substrate. Anti-striatibatchg@recessaywile deiegized (Pkb walelt fallowed Bercent

Py actici zers’ whi on may HAS0EQHH BN Ho YLy ASSRERIMGTR 1 1
3 ~ 0 CT 2002 sulfuric, hydrochloric acid), again rinsing with D] water, and
thereby reducing the level of sodium and iron ions in the ion
exchange resin to less than 50 ppb each, preferably less
than 35 ppb, more preferably less than 20 ppb and most
preferably no more than 10 ppb each; or



(beta-chl oroethyl)-ester; stearic acid; dicanphor; polypropyl %Elg gﬁwl
resins; phenoxy resins; and al kyl resins, at about one to ten pE

wei ght | evel s, based on the conbi ned wei ght of novol ak and sensitizer. The
pl asticizer additixes iRapLOV in I riies _of .Lhe ] and
enabl e the appli ca¥ on ﬁsﬂg%%@ﬁ?tﬁ)@k %“&?ﬁ‘ggr{gi decﬁ'_'h% ?g'ﬁhﬁ h‘?bkness
to the substrate. AdhesiQyyth ProésdsS with Ol Watér,ﬁmlw bQ?ﬂiN&ﬂﬁéJ With a
exanpl e, beta(3, 4-epoxy-cycl ohexyl)-ethyltrinmethoxysilané; .

p- met hyl - di si | anenet hy| mineracagidaodytion (8:gt aise88%r salutiomeof salfdric, nitric
ganmma- am no- propyl triethoxysilane, up to about a 4 rcent ight, | evel,
based on the conbined vRi YrOGRIOHERASIA 2GRN rNSiRG Wﬁ?gf.wﬁg\ye{aﬁﬂg/&ﬁtbyspeed
enhancers that may be Uggglng WGl 8f, ahei rﬁ%tﬁ’?@)cﬁ iBb CSdIGtGHT i(826% Arid! €
acid or nitroci nnam c aci : p to about c)a 0 erg)élnt me?téﬂ? (?eve*ﬁqbased on
t he conbi ned wei ght of thevethalconvertingnthiet chelatingHen eexxabmadecrdsimderits t end

to increase the solubility of the p otpores'ést coat. i n,g in_both the exposed
and unexposed areas, andmmanumnsalt fellowad by agaghpnsingwith DIwatar, d of

devel opnment is the overgidl j ty : : e of
contrast may be sacri fi@ggé.&?rﬁg@ﬁnaeég%gslfagﬁt8@?&8%%%@érag‘@ggeg{ gfeeas of
t he photoresist coatingchvelblingpeofli 6xcHargR v@sia Wuileds Yhdry S0heple\eaichper ,

t he speed enhancers will also cause a | arger | oss of photoresist coating
from the unexposed ar eaBrefaneblpiess dhar abput3b vpk: mare prefasablydass than he
overal | photoresist co Iyot 4 | 0,.95% L ghtspf the
solids in the photoresis %to%g}gb??gﬁ.rﬁggtlu%er{g'fséb%gptoc@u?es/etﬁgg\rl@&ﬂ 10
substantially renoved appleeachadi ng of the photoresist solution on a
substrate and subsequent drying. Non-ionic surfactants that nmay be used

i nclude, for exanpBe) nERASINGHAHGNOTHEXGBRGE rediBoRyg. Bt RaBRIUMHEF Y0 Fhenoxy
th | at t bout 0 I | . i eight of
hoval ak and sensi 11 ser DAt Bidtess, B 3 AREFEHOE, MBI GRER IHAT T o8 <o

a substrate by any conves¥)orfallowsthed vinemhd witheDphahwresand thdreby
including dipping, 14 J ~ 0 CT 2al2 spraying, whirling and spin coating.
When spin coating, for ESdueNg thenleveksf ssodignuandnirenjope iadthestasiomi t h

respect to the percenta ol J 0 i er i i ng of
the desired thickness, %?%@%“ﬁtéﬁﬁp@_ ‘o%%_g;%‘larqm %ggpg)qt?la%ﬁbﬁ&\éﬁﬁygggé and
the anount of tine all owrsh &bsut 88 ppibi, MMdradpreferabRslesbithankbiut 20upph r at es
i nclude silicon, alum num polyneric resins) silicon dioxide, doped silicon

di oxi de, silicon nitridéndiraestarafarablygemorghansatrowdhd peleeashcer,

compounds. The. photlr conDety s HREE G0k BN oriRogctih dri Bl e are
particularly suitabl e fexchamé s8sinoWithoDt heateR! followealbySiihsingnithl & con

di oxi de-coated wafers, such as are utilized in the production of
m croprocessors and ot hwateh Apkble PFERNIC npelar Aodventi sudh rascaegtonerwisa An

al um nunt al um num oxi de r | e_used T tra | 0
conprise various pol yner Ebr%eéiﬁﬁgg‘(géﬁg'gl 3ﬁ$y‘ﬂefﬁﬂ§ﬂ§§§§%gpgﬁﬁwgﬁs&uch as
pol yesters. The substr atsedithy diVizoRNoAsING 166$ tharP B0t pPb letich! préferalblyi t abl e
conposi tion, such as one containi ng hexa-al kyl disilazane. The photoresi st

conposi tion sol ution is lesrthancih peb.onees praferabhstassitaan 20dprpmandmestr at e
is treated at a tenpera 0 / out 110C for from about 30
seconds to about 180 se?g%%ggﬂgx%?ﬁgg}%hp“@?@E’%ragg'or fromabout 15 to about
90 minutes ing ConrAReMihgOBANionl RxEhARTBIEEINUBE rhixkdeBntion SexdHapgeed in
order to reduce the concentration of residual solvents in the photoresist,

whil e not causing J@sisdramaten hrinmthe leadrehanpePask frore stepBdsensi ti zer.

In general, o desj; 1 niL.m entrati I this
first tenperatture t#'gﬁ&fﬁ?@ glr gﬁfﬁdﬁ%@é&ﬁm fnesmggﬁlﬁ'ﬁqo#gméoﬁ&ﬂhe

sol vents have evapostapesh anthé bR ExchatigenPabk fRatRt stepsalstriksing et ioAn, on
the order of one micron in thickness, remains on the substrate. In a
preferred enmbodi ner@xchaageerasdn(g) Jremi stepr bin Wit L.an sdlectrenighgtadedolarThe
treatment is conducted until the rate of change of solvent renoval becones
relatively insignificant. The tenperature and tinme sel ection depends on the
phot oresi st properties desired by the user, as well as the equi pnent used
15 3 ~ OCT 2~2 and commercially desired coating tines. The coating
substrate can then be exposed to actinic®radiation, e.g., ultraviolet

radi ati on, at a wavel ength of from about 300 nmto about 450 nm x-ray,

el ectron beam ion beamor |laser radiation, in any desired pattern,
produced by use of suitable masks, negatives, stencils, tenplates, etc. The
photoresist is then optionally subjected to a post exposure second baki ng
or heat treatnent either before or after devel opnent. The heating

e - o I AN PNN -2 1 a A PN NN . Y T T Y



16 3 9 0 CT 2D02 base etching solutions and provide effective protection
for the unexposed photoresist-coating areas of the substrate.3 THGLT @MRow ng
specific exanples will provide detailed illustrations of the nethods of

producing and utilizing compositiopns of th resent . i nventi Un| ess
ot herwi se speci fi e%?ﬁveiﬁl ngBt‘%s é‘r‘f&pcfﬂ?r CEf gbﬁ'g aPE‘ybfl%@c’g'h%]%il%V
nol ecul ar wei ght s h i aal e@féag(g s are
not i ntended, homer@{es??d\tw(')tﬂlrgl ?n@i}lélgé%?‘eo?t}rblg%?gtaﬁgms?gggg aosf&t%ﬁgl I NV t‘lﬂon in
any way and shoul dnethyl letheroasatates ( PGMEAS); i ethplglactatdi an 2+septaroreygoer s or

val ues which nmust b ti|ized exclusively in grder to practice the present
i nventi on. Exanpl & %‘%‘Vdﬁﬂw&? tBﬁéﬂQ&ﬁ%"\‘ﬁﬂ%’pounds consi sting of 130.3

grams of m crgsol i%#éﬂw% gsB nOfperé:réSBgl ésﬁf&%ﬁ‘r’oﬁ n%gaﬁa&) sin in a

2,3,5-trinmethyl p ransferre our necke sk equi pped

w th a condenser, suitable solvehesucharas RGMBAPMEthiyL aotate, thradughatimeolonoxal i ¢
acid was added and_the flask was heated to 95C 148.4(9(%ram; of farmal dehyde

(nmol ar ratio of pHeEXRhanged?as tem step1dly ab®) tempperatuie O frspabost 3PP one

hour. The reactio tg nue r T eaction
m xture was then (I;E?tys@‘lﬁl ?égie\'?gf%ﬂg%%qg fé@'“aP%ng’g] ?@ %?%gsﬁégo%hgﬁ?rrﬁen
vacuum was appl i edpleferaBfL froth fabdet 60F 1 ABUT 000 (masd prefr a8y Ufrémof 30
nm Hg. The nolten resin was collected in a tray, and 260 grans of solid
novol ak resin haviabputy (Rd/élndut®® Ot aofivwiratedsuckOiha trersesifiendestisel i d

novol ak resin was di ssolved. ip 633 grans of nethanagl to nake 24% (b
wei ght) sol ution. B31€7 %ﬂf%ﬁp‘ﬁ'ﬂg% TR tseg‘ Ia&)%thlm'(‘?t??’S% aB?%\é’l}éght, of

the ‘bat ch) was addgole berdldiy ifin B8R0t B0PRiAAGs 36 il IHbES, il 11 N

was stopped and a Eprecipltate settled to e botto ask. The
liquid |ayer on t opreferabbudioml abdutafdhduscdo datsbutTBe hburdse evercimoreat e was

redi ssolved in 316.6 .0gr of met hano and 115.8 gar of DI ter was
added with stirri ngf.ef%ﬁ%&;i%“nﬁémet THours o, %R%Epggs hRurs, apd (@ost
preci pitat e st {1 efrdrgrabller BELEE (oNBnbkiarh nolhe bh'therb i op vas

Y
removed and di scarded, a te precipitate was disso \?gd I n ethyl
| actate. The resi dinel level ldirsddigmdanditiem verrsein émosetution ohtheimaterial

distillation at 75C and, 20, nm pressyre. GPC npol ecul ar i ght an D

( pol ydi sper si ty=M/\WPﬁ/&d, EWe{F%W\%SSO eaeh Qfé?)ﬁ@‘igﬁtle%\é\ﬁggcﬁp%%t

average and Mn i Sppp! i BrefdfitilediAREH AouR YBHb, UBHTHGIe BRTEraBRRS U o
less than about 10 ppb, and most preferably less than about 5 ppb

each.

The present invention further provides a process for producing a
positive photoresist composition having a very low level of metal ions.
The subject process comprises:

a) providing a specially designed lon Exchange Pack, as shown in
Figure 1, which lon Exchange Pack comprises: 1) a housing,
preferably made from a non-corroding substance such as stainless
steel, 2) one or more cylindrical bags positioned within such
housing, when a plurality of bags is utilized one will be positioned
within the other, such bags preferably having a capacity of from
about 1 Kg to about 100 Kg, 3) a seal near the top of the housing



results are shown in Table 1 below Table 1 Fracti onsGPC MAPDPar ent
Resi n29923. 6Fi rst Preci pitati on44004. 0Second Preci pitation ~487qb1/ MV
Fraction Di scarded9551. 7 Exanple 2 Procedure: 1. A CTG Kl ean | on Exchange

17112 i nch Tong 1o Boelartysienaent tBe ok folnadee "RACKT @) 80 ifth 547
neh |
beads from Bar nst Zaﬁsﬁé??@lﬁ TP Dot TR R '3 S0 OB BRSR 0 ™

filtering system feealqnttstrwlbyllr&mdatbhg(é)qmsuﬁmaﬂ witBin tHee hBusipgChH &Kl ean

bn Exchange Pack 18 31 0 CT 2002 Prior, tg pas n t he photore I st sanpl e
(A~ 7908 Phot or esi S¥PREMi Rratarablyrasvpporbing BB Xte@ldﬁrfqmt @Z’Pﬁ

by rotrcul att ng nét e BPURtBdgHe seef S, S by “ﬁ.“‘)} or
15 mn. to SUbStanéh@'ﬁ’))énrcﬁi‘ﬂé‘f%r‘éﬁrﬁblyféﬁﬁbﬂéletubé snthﬂi@‘sé%s&@'a’lféwﬁt hyl

| act at el n-butyl acetate sol ution was hr ou the ion exchan resin
beads at a flow rathe exit cfghe/ selution 6W0m3h¢n |ﬁn E@gl@ém@vgaﬁ%ﬂhmh m t he

beads. 2. A sanple t a t cee T .
phot or esi st sol uti B %étwa@% %@ﬁggﬁgﬁﬁgg& b%gﬁ@aafﬁ%? F‘neét %\Azef{/%g%gtmted SO
to control the fl operhébifgdolid#rtidias frondthé sslutieep it const ant for the
entire run. A second sanple was taken imediately fromthe outlet, which

sanpl e was veby |i@ht iFingipgoa emnpahem@mgﬂ ERSIR BIQutiNOR-GAMMNNGF N Fhnpl es
ver e Laken: after 20, MBS Rbdshe VR BhpRRSRITOb] gk fafileq 2 o7 °°
hour and 20 m nutes of ﬁﬁ@.hpwtrahlrﬁme?él%&.dIsbwdn% Vb 5-g896 ﬁmﬁ&reafwere
submtted for netal ion analysis. Results are shown Dbelow in Table 2. Table
2 sulfuric, hydrochloric acid), again rinsing with DI water, and
thereby reducing the level of sodium and iron ions in the ion
exchange resin to less than 50 ppb each, preferably less
than 35 ppb, more breferably less than 20 ppb and most
preferably no more than 10 ppb each; or
2) rinsing a chelating ion exchange resin, e.g. in a column or in
a batch process, with DI water, followed by rinsing with a
mineral acid solution (e.g. a 5-98% solution of sulfuric, nitric
or hydrochloric acid), again rinsing with DI water, followed by
rinsing with an ammonium hydroxide solution (2-28%), and
thereby converting the chelating ion exchange resin to its
ammonium salt, followed by again rinsing with DI water, and
thereby reducing the level of sodium and iron ions in the
chelating ion exchange resin to less than 50 ppb each,
preferably less than about 35 ppb, more preferably less than
about 20 ppb and most preferably no more than about 10
ppb each; or
3) rinsing an anion exchange resin, e.g. in a column or in a
batch process, with an ammonium hydroxide solution (2-

10



Met al's (ppb) BW2( Cont r ol ) BWLBWBBWIBWSNa9888922K247326Fe4822545557Ca4173<15
Exanpl e 3 Performance Procedure: A 50 gram photoresist soluti 0d 1t8CH ed
as a reference was prepared according to the followi ng fornulation: 19 3
~ acr ~ NK-280 (a propri erary 2,1, 5- diagzonapht hoqui none sul fonyl chloride
based sensitizer from N2BHdn Tolewedoby pingmgyWikk-Bhowaterprast i Beseky

Zeon Oo, ) 0. 34 gm Novol SRR Y 'eGOOF SRICH® Ba SEET ibhe Thrsp Bl "

Pyrogal | ol from Al dri chekgharigelfisiin a0 18§ @Kah 60 pphoeash, prafetalipaess
enhancer from N ppon Zeon Co.) 1.203 gm KP-341, a striation free surfactant

from Shin-Etsu Chem Cothamesbeut 3% Rpb, marearefereblyolesg tham igout 26t ppke

B bt o Fomy Elanmy o, St B BB ok 5P Bl 5
photoresi st resi st 450l UKhging AFRIRIUFEAFES c@fibA &Mﬁg@?‘é&)ﬂ dha! 4 %pigh ( HVDS)
primed silicon wafer to a 17083 pmfilmthickness, and a soft bake at 90C

for 60 seconds on an Svex@&id@ed résinewlbt Dpiveter, vidiowsddby Tirsieg puithira

matri x was printed on the,coated wafers usin 0.54 NA NIKON.i-Iline
st epper andpa NI KON r esWRlRfi Bwug\?t Prganic ﬂ‘?éargi‘gé@@d SHENRS aREIANPLE ] post

were tnen devel oped usi va 5. SKEF ISR dhbreyFeliting el tofelt ot G-
2.38% devel oper. The dsodiunpaddviedreicnsvo éessxtramb80 ppb egch, pefédatly S400

SEM (scanning el ectron mcroscqpe). A nom nal dose (Dose_to Print, "DTP" or
phot ospeed) was rreasureg;sét ?ﬂg% v"f'Qf@er,e?eirﬁB|yd8§éﬂP%abm QQA RISt sel y

reasur od and ar e shown PeTRaTE S oaRa A0 byiFBhtn, ol ocus (B0 mere

c) transferring an ion exchange resin or mixture of ion exchange
resins from step b) to the lon Exchange Pack from step a);

d) either before or after transferring the ion exchange resin(s) from
step b) to the lon Exchange Pack from step a), rinsing the ion
exchange resin(s) from step b) with an electronic grade polar
solvent, such as acetone or a C1-C4 alkyl alcohol, followed by
rinsing with a suitable photoresist solvent, such as propylene glycol
methyl ether acetate ("PGMEA"), ethyl lactate or 2-heptanone, to
substantially remove the polar solvent;

e) passing a solution, preferably a solution of novolak resin in a
suitable solvent, such as PGMEA or ethyl lactate, through the lon
Exchange Pack from step d), at a temperature of from about 30 to
about 150°C, preferably from about 50 to about 120°C, more
preferably from about 60 to about 100°C, most preferably from
about 70 to about 90°C, at a flow rate such that the residence time
in the lon Exchange Pack is from about 2 minutes to about 40
hours, preferably from about 30 minutes to about 35 hours, more
preferably from about 2 hours to about 30 hours, even more

preferably from about & hours to about 20 hours and most
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390CT2~2 Tabl e 3 Sanpl ePhot ospeedResol uti on (Nm Depth of

Focus(m I lijoul esl sec.)(DOF) (pn Control 1600. 320. 8treat ed
sanpl e1650. 320. 8( BWb) Exanple 4 Procedure: 1. A CTG Kl ean Pack,

Figure 1, containin

10CT

as shown in
ropyl ene tube and a 1-112 inch long 10 Nm

a solid polyp
pol ypropyl ene fil t@gf%QPerre@e?bgﬁse P 1abayt\ i3 hoyrsy anchihergby JeAvSiBE bed of

cartri dge 06911 x0T, AL CPSeRiE ErREe (RS e pihich

B

constant recircul ateated toaleskehBat50 @pBusack,Trefbrebiy hessExvdraapoudsk Prior
to passing the novolak resin solution in ethyl |actate through the Pack,

the i on exchange RPN MreRrefemably less drrniabpeh2Q peborvenynarediretaigblyi ng

subst ant i al |y r emgss 1 AbpfiL 10 Bhb! Bhd sidstireRratilpss Biart 3ottt A8,
fracti onated MPT rgagh:-ak resin in EL obtained by the procedure as described

in exanple 1 was further diluted with 600 grans of acetone novol ak resin
solution in dhyl previding amadabdienef.( $piccohotasensitive eerpanent imaé@nPack

amoun

126m / m.n.

and the punp vas startetd s&#ﬁcnle%t % ?) Eolsetngﬁizfelt \évgghac;tgreastlst composition; ﬁnd to

the novolak resin solution from step e) and 3) a suitable photoresist
solvent.

The novolak resin solvent and the solvent used for washing the ion
exchange resin(s) may be identiicial, and they may both be identical to the
photoresist solvent.

A chelating ion exchange resin, such as a styrene/divinylbenzene
chelating ion exchange resin, méy be utilized in the present process.
Such ion exchange resins are available as the sodium form from Rohm
and Haas Company, e.g. AMBERLITE® IRC 718, or Chelex® 20 or
Chelex® 100 available as the sodium form from Bio Rad Co. Before
being utilized in the process of the present invention, the ion exchange
resin to be utilized must be rinsed with deionized (DI) water, rinsed with a
mineral acid solution such as a 10 percent sulfuric acid solution, rinsed
with DI water again, rinsed with an ammonium hydroxide solution and
then rinsed again with DI water. When purifying novolak resin solution, it
is critical that the ion exchange resin is then rinsed with a solvent that is
compatible with the novolak resin solvent.

The novolak resin is passed through the lon Exchange Pack
containing the ammonium form or the acid form of the chelating ion
exchange resin as a hot solution, e.g., a solution of about 40 percent
novolak resin in a suitable solvent such as ethyl lactate or propylene
glycol methyl ether acetate (PGMEA). Such novolak resin solutions

12



keep ‘it substantially constant for the entire run. A sanple was 21 39D
CT 20E12 taken before passing the novol ak resin solution thro@h0fTe282ck
as a control (BW ). After one hour of recirculation and filtrati onBW2 A
and after two hours of recjrculation and f||tr8t|on BWB A were, taken. All

sanpl es were 'sYB th&ﬁ‘tﬁ'ﬂrfr?@t%ﬂoqt&ﬁoa%??g%1 Qe PRt gagh of $9GiM A% W i n

Tabl e 4. Tabl )
ANA1221010K13L e 41%@%@@2&%@%@%158”5‘°’I5r tesgueeelsae, o
Kl ean | on Excéssigeedirel.toass Iohaadless tiang 8rgpbleacnnt ai ni ng a solid

pol ypropyl ene tube _and a 1-112 inch I ong 10 Nm pol ypropyl ene f| | ter
cartridge, was filTle MQS?fﬁOln\@fﬁlpnArﬁSQYlﬂ%t a1 ProeasEx ifarjedueiags a

et up in o TR cobledSiity, sk HteChet T gl SHipd Ml pn
CTG Kl ean bn &xG68¢98siiacksudie Faphotsesist | b@l‘i‘up%ﬂlbnnovof & pR&foResisl uti on

obt ai ned by the procedure as described in exanple but was Isolated in

Met hyl Anyl Keoropesiion anay bedoded/py pfowding<an eadnmxiune Métawplhobaaens:tm one
avai l able from AZ Phot or 33%

o ol e ut S TRG formmng favalak rebi; Rl beorthil hE e pEbfassast el

50m /mn. and ﬁe@:eh?ﬁﬁrérﬁloﬁo%ﬁaé‘tsuftgblet Bﬁot%?éél§tesél98nt Oxitepld @Blv@htsr esin
sol uti on was CI rcul ated. A sanple was taken before passing through the Pack

as control #1for{sucbrprmtme|swtteand feanpv@akrresmshnay)mdltede prepyhere gbyppl after
Feci roul at1 onoRE Ak atEEr. dopysnpidy sl AITE G, Pt edheracatet, B i on
and filtrati o8 giseprEpitnale, "Byl Ua&Ele, mixtures of ethyl-3-ethoxypropionate
and ethyl lactate, 2-heptanone, butyl acetate, xylene, diglyme, ethylene
glycol monoethyl ether acetate. The preferred solvents are propylene
glycol methyl ether acetate (PGMEA), ethyl lactate, 2-heptanone and
ethyl-3-ethoxypropionate (EEP).

Other optional ingredients such as colorants, dyes, anti-striation
agents, leveling agents, plasticizers, adhesion promoters, speed
enhancers, solvents and such surfactants as non-ionic surfactants may be
added to the solution 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.l. 42555). Malachite Green (C.I. No. 42000), Victoria Blue B (C.l.
No. 44045) and Neutral Red (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
weight level, based on the combined weight of novolak and sensitizer.
Plasticizers which may be used include, for example, phosphoric acid tri-

13



Al'l sanples were analyzed for netal ions. Results are shown below in Table

5. Tabl'e 5 Metals (ppb)(Control) Sanpl e #2Sanpl e #3Sanpl e

#4Sanpl e#5Na25271358Fe5124131616Cr 269677 Exanpl e 6 Pr ocedure

31 0CT 202
Exanpl e 6 was

repeat ed usi RAGEN I qp% | ak
resin solutio mﬁ?hproceggcé}tégsalégﬁgxgmi e ts ar g?’%omn&%@ow in
Tabl e 6. Tabl mesinsygbhdroxyprasitsioand alkydargyins, #aSabpue ohéStonier percent
#5Na27354Fe54202421Cr 26788 23 ~ 0 CT 2002 Exarrpl e 7 Procedure: nple 5

was repeat ed Weighy levalsshasedapkthescenbinedewsiahh @f Heyokals agd) $Qﬂ$'tb"-19r novol ak
'rl':E: 2 ?Ol %J.;L)th%"zﬁaa (G255 568itivaS imMPrVE T SoRtin§G5Hdbbiticd 61 T WhatBRECW 1 1

and enable the application of a film that is smooth and of uniform

thickness to the substrate.

Adhesion promoters which may be used include, for example, beta-

(3,4-epoxy-cyclohexyl)-ethyltrimethoxysilane; p-methyi-disilane-

methylmethacrylate;  vinyltrichlorosilane; and gamma-amino-propyl
triethoxysilane, up to about a 4 percent weight level, based on the

combined weight of novolak and sensitizer. Development speed

enhancers that may be used include, for example, picric acid, nicotinic

acid or nitrocinnamic acid up to about a 20 percent weight level, based on
the combined weight of novolak and sensitizer. These speed enhancers

tend to increase the solubility of the photoresist coating in both the

exposed and unexposed areas, and thus they are used in applications

when speed of development is the overriding consideration, even though

some degree of contrast may be sacrificed. In these instances, while the

exposed areas of the photoresist coating will be dissolved more quickly by

the developer, the speed enhancers will also cause a larger loss of

photoresist coating from the unexposed areas.

The photoresist solvent may be present in the overall photoresist

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

photoresist 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.

The prepared photoresist solution can be applied to a substrate by

any conventional method used in the photoresist art, including dipping,

14



Metal s (ppb) (Control ) Sanpl e #3Sanpl e #4Sanpl e #5Na28424Fe51232020Cr 23876

Unl ess ‘ot herwi se specified, all parts and percentages are by ' al |
nol ecul ar wei ghts are wei ght average nol ecul ar wei ght. 24 RQW%Z

mothod 1o pramathowaMiEE et st JheS o Fudli fr septielg or..

having a ver yrebiglVsoRiion €4n ! abjusiith withnispetNis tifd pereantdye bfagbliden
Exchange Pack which Ion Exchange Pack conprises: 1 ) a housing, 2) one or
more cyl i ndr icoatenady qvden to ereddai codatimgsat thehdesired thknass.egivendhe t he

f the h ' h ' f f Y he | h P. 4
ot pos ti oMah ot sping Safpoteitiniized ADEdhe iioust & Tt ARSI Bagh © e
seal [ MOt NeyikingCip6adssda0s3 Rl IsvnSiiatds! MBS AAEH NBluinyi, SUPPO

that extends fromTtThe bottom of the housing to the seal positioned near the
top of the hqalymegricaxedirs) silicarutdietideosbpednsiticarp diexide, silicow nitidexit of
t he sol ution fr{)a:pthe | on Exch?n%e Pack through the seal; gi 1 %&] rinsing a
cation excharlgB i nCORPYY: PRIV nffSEHMICH: aale"a‘ng?ocFP s TIGYrES:

dei oni zed wat&4y RS | ] i | d solution, again
rinsing with @?%’{r’\‘iqzrg%x@gta?rd, 6@%@%%?&%&?@%@@% e |level of sodium and
iron ions in the iTime pRotoresist ceatingd prddesed thyahedesepbedprbcedure2arer i nsi ng

a chelating ion _excgange. resin deioni zed water, followed by _rinsing with a
mneral aci d R¥ticiAEK, Sulahla fomanpjcaliom Qeitermally @iewn, Sf"(‘ipf‘fi_}\!é‘g’"by
rinsing with agAIIHL Qeds@xi deap okt R0, Afithd MR QRY GHBUGEIIT oft he
chel ating ion exchange resin tb Irts anmoni umsalt, fTollowed by again

rinsing wth migropiocedsovat and 6thdr traiatayizee drntigrgteldh eirbaiv edoraporsertsum and
iron ions in the chelating .ion exchan%e resin to | ess than 50 ppb each; or
3) rinsing arﬁ%ﬁ‘%'@ﬁﬂﬁ%@uﬁ\e@'ﬁew{?{ ar ean alsedee usedy dhexsuhstiate mavon)

fol lowed by 1485 dinglidd vARLA poRfndRL $osins, especially transparent polymers

such as polyesters. The substrate may have an adhesion promoted layer
of a suitable composition, such as one containing hexa-alkyl disilazane.
The photoresist composition solution is then coated onto the
substrate, and the substrate is treated at a temperature from about 70°C
to about 110°C for from about 30 seconds to about 180 seconds on a hot
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
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 85°C to about 95°C. The treatment is
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
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25 + ~ '~ D CT 2002 and thereby reducing the level of sodiumand iron ions
i,n the ani on exchange resin to less than 50 ppb each; or 4) rimg e T2
m xture of a ration exchange resin and an ani on exchange resin wth

dei oni zed wat I by rinsing wWgth te I | C | ar
sol vent, and %1%?&%&%& ge"rfﬁecqag\'ﬂgl t"BFg's\oAﬁ.leu{:r?%ﬁ'{fuP?lgﬂ%tg?\%q g'%ﬁess
than 50 ppb es¢Bipeded (RAEHME Thdiatian, &%) GirabRdaeatiRition, @t afviveleRg@dl 1 on
exchange resins fromstep b) to the 1on Exchange Pack from steg a); d)

e

ei t her bef or eofdromfabeut 808rmyn do @boyt 468 rinpnx-exy; ledecieon beams jori beamserep b)
to the lon change.Pack .from step a),, rinsi the iaon ch e resins
from st ep b) (REEh AN, &b ABN s gRY detisraeBted By 88 TS BB meshaa by
rinsing with ﬁe@l%@f@t@h&ﬂsﬁ@h bst@csubstantially renmove the polar

' g

solvent; e) pasSing a solution through the Ion Exchange Pack from step d),
at a tenperature oThérphotatesist i8OtHem aptiomaliys8abjetteal td @vpoat expostret hat

2bout 40 hour S5 BAKPGSY HeBUBEAHGERN e, 28 o6 OEaPL APKRGPIT. | s i n

the sol ution pi.fdictdmbérat@es haFraAgs drdfi Shduf 3oeE GoPRboRFIBeC, more
preferably from about 100°C to about 110°C. The heating may be
conducted for from about 30 seconds to about 2 minutes, more preferably
from about 60 seconds to about 90 seconds on a hot plate or about 30 to
about 45 minutes by convection oven.

The exposed phptoresi§t-coated substrates are developed to
remove the image-wise exposed areas by immersion in an alkaline
developing solution or developed by 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
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 bake to increase the coating's adhesion and chemical
resistance to etching solutions and other substances. 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 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-

16



2. The nethod of claim1l wherein said ion exchange resin is rinsed to
reduce 'the sodiumand iron ion level to |l ess than 35 ppb each. 31 gCDraBless
for producing a positive photoresist conposition having a very |ow | evel of

i 1 Coh . - co K
Whi oh 1 on Excis e ARSI ahd Frovifb Sl dibteilon 6 e UREgosRA"
cylindrical womuddaﬂﬁg atbad ontreuslibsteitel ng, 3) a seal near the top of

the housing that is effective to seal the lon Exchange Pack; 4) an inlet
positioned so as to allow the introduction of a solution through the seal

26 3 L bt o RERNngSPRbER SRy Wl PBRivR SRy s Pt ol
positioned nape MRhoé@P & préLdINY Samd . utpizihd)corpalifidril dTofid iraeentso as

to allow the exit of the solution fromthe lon Exchange Pack through the
seal ; b) 1 ) invertioy AJnlass otherwiseaapecified, all partg. andh pereantages @reiby a

b h wth deiponized . | I d | nsi | ' I
aci a sol ut1 onvelbhiand PRGEEEF ieiohlsn pe iejatyaverdan Pty WElAE ng  ne

|evel of sodiHipaimplbs #8thdt ThtbReed WoldiIaRdfini 3P résiiet Roscddier 50 ppb

each; or 2) rinsing a ing ion exchange tesin onize
fol l oned by rthesinvgntiohhina amynwagl andi shaudd unotobe egastrued res myoviding

dei oni zed water) . followed by rinsing with an a i um hydr oxi de sol ution,
ot t hor by CHRAIOT PHREEIAS 87 (VRS iR A obp dBIRERLSTaISuBlo R um
salt, followeg A dlickitRa| L4t i zed wat er, and thereby reducing
the | evel of sgglyltjﬂggénd(slciértg% p:?gsr']éémﬂﬁv?ﬁgﬂghel ating ion exchange resin to

| ess than 50 ppb each; or 3) rinsing an anion exchange resin with an
ammoni um hydr oxi de solution, followed.by rinsing with deionized water, and
t hereby reducing the | evel of sodi umg ! lons in the

300 grams of phenolic compounds consisting of 130.3 grams of m-
cresol, 104.25 grams of p-cresol, and 65.5 grams of 2,3,5-trimethyl phenol
were transferred to a four necked flask equipped with a condenser, a
thermometer, and a dropping funnel. 0.9 gram of oxalic acid was added
and the flask was heated to 95°C. 148.4 grams of formaldehyde (molar
ratio of phenols/formaldehyde 1/0.69) was added dropwise over one hour.
The reaction was allowed to continue for 6 hours at 95°C. The reaction
mixture was then distilled, initially at atmospheric pressure and then
vacuum was applied to reach a final temperature 200°C and a pressure of
30 mm Hg. The molten resin was collected in a tray, and 260 grams of
solid novolak resin having an RMW of 8.8 was obtained.

200 grams of the solid novolak resin was dissolved in 633 grams of
methanol to make 24% (by weight) solution. 231.7 grams of deionized
(DI) water (27.8%, by weight, of the batch) was added with stirring over a
period of ten minutes. Stirring was stopped and a white precipitate settled
to the bottom of the flask. The liquid layer on top was sucked out and
discarded. The white precipitate was redissolved in 316.6 grams of
methanol, and 115.8 grams of DI water was added with stirring. Stirring
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ani on exchange resin to |l ess than 50 ppb each; or 4) rinsing a mxture of a
ration exchange resin and an anion exchange resin wth deioni z \b?iregm
fol |l owed by rinsi ng WI th a water soluble organl c polar sol vent, r eby

reduci ng the Iev od ium iron jons t ess th n,50

transferring WASIS D 5t el s Bebrori BeRR B Bl & o
step b) to t o ) ter
transferri nghmée @Egﬁ%’?%s\t"ﬁgm gﬁnb]ogtaengj %ﬁaﬁ'&é% QF‘ f%%he{%e Pack
fromstep a), pneclmtatg wase dlsnol\ﬁed:hmregbylr lm:tate) Thenresidyal bhethanol aand

el ectroni c grade organl c 27 pol ar sol vent, foll owed by
rinsing with WalsfoWsresiesoves P&nVaQW'BUQ@i'WQ"hIqty $EoAnd 120

3t o tenpet ot BRRsOfe.7 SRRl We) ihd Hh R W@ME‘W& nfﬁaf')’

the resi dencewhere MW, BemostularcWangie breld ba Wéight ab@wgeZaﬁu Mg S ig 0
about 40 hours and thereby reduci ng the level of sodiumand iron 1ons in

t he sol ution mpquarnme@mabasedaa:tneaumbere@éeragah varepmieasuadt and fheovi di ng
an adm xture of

hot.o i tive component in an anmpunt sufficient to
phot osensi t i z'éesHlté %ﬁ&h@?"@s’ﬂsfa%i% PVion; 2)

Table 1
Fractions GPC MW PD
Parent Resin 2992 3.6
First Precipitation 4400 4.0
Second Precipitation 4876 3.7
Low MW Fraction Discarded 955 1.7
Example 2

Procedure:

1. A CTG Klean® lon Exchange Pack, as shown in Figure 1,
containing a solid polypropylene tube and a 1-1/2 inch long 10-pm
polypropylene filter cartridge, was filled with 547 grams of a mixed bed of
anion exchange resin and cation exchange resin beads from Barnstead®
cartridge D8911-X001. The Pack was set up in a filtering system for
constant recirculation.

Sample Bottle » Pump
CTGKlean® ==
lon Exchange Pack
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the novol ak resin solution fromstep e) and 3) a suitable photoresist
solvent. 4. The nethod of claim 3 wherein said ion exchange re i.inq#'.gﬁhed
to reduce the sodiumand iron level to | ess than 35 ppb each. hod
of claim 3 wherein said photoresist, solvent is selected fromthe, group

consi sting ofPiRloleypassing the pholaresist sample (A48 48@8 Rhalgnesish @vailablgnd

exchange. r oo TOnaRE PiAGres(sts. BpBA! (B SinPlBhdhe R e InFeidide, | oo
than 20 ppb e®glh bdadd WeréBuBREd Withahaihand! byeedirculatigy Ardharmalantbughon ion

| evel of the novolak resin is reduced to | ess than 20 ppb each. 8. The
nmet hod of cl dhe Baeok st aifiow sate ehoh2@ntimimder 1dsmin.ite substantially rea¥ee t he

eh i m 3 wher PASCATAM, 0¥ bedds ThahoRflc B B SAS stelniRivT T ok’ | o\
of less than ddlufith wRRCHUMBEd through®rd 36 ekBharde réih ibeddsfat o fiownratenher ei n

t he novol ak resin solvent and the solvent used Tor washing said ion
exchange r esiof t28mi/mémtfor4d minito removesmbetivnel fronathe e rein the novol ak
resin solvent, the solvent used for washing said ion exchange resin and the
sol vent for said photoresist conposition are all identical. 29

2. A sample of photoresist was taken as a control-BW2. The
photoresist solution was then added to the Pack and the pump was
started so to control the flow rate at 126ml/min. and to keep it constant for

the entire run. A second sample was taken immediately from the outlet,
which sample was very light in color which signifies diliution-BW1. More
samples were taken: after 20 minutes of recirculation and filtration-BW3;
after 50 minutes of recirculation and filtration-BW4; and a final sample
after 1 hour and 20 minutes of recirculation and filtration-BWS.  All

samples were submitted for metal ion analysis. Results are shown below

in Table 2.
Table 2

Metals (ppb) | BW2(Control) | BW1 BW3 BW4 BWS
Na 98 8 8 9 22
K 24 7 3 2 6
Fe 48 22 54 55 57
Ca 4 17 3 <1 5

Example 3

Performance Procedure: A 50 gram photoresist solution to be used

as a reference was prepared according to the following formulation:
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AHFI. A Af, . Af5. ASyy. A@. Af . As. AFUy. ARU@ A9e. Aye. A A5. Al . AHF| . A, A!f.A. Al
.Any. A' A5, 'Af . AF. AFl . AYFY. AF3. AYY, HdBo v w y |

RWKZ\ f 7Vat zupj e_ZT] c™a] cal] ca] cal] ca] ca] ca] ca] cal] ca] ca] ca] ca] caU] ca] cal] ca

] ca] ca] cal callgﬁz%@g%bﬁéedrg@ 1,81 efrondphlrodlAwimea

"*FHP% 8t H L: N .[.|vpkf [ U U] ca] cal] ca] ca] cal] cal]
ca] ca] ca] ca] czs]xﬁoaybd‘llpndwp@apdaehsm]zea]roa] Nivpoa]LagrcCal)ca] cal& @may] ca] ca]

cal ca] ca

[ U]<q f>@i4@lﬁﬁ4ﬂﬁﬂmﬂﬂﬁﬁfﬁﬁhﬁﬂmmm9ﬁlﬁﬁfﬂ] U] ] ca] ca] ca] ca] ca]
cal] ca] ca] ca

o on] oa] car RO RS S B e T oGP it val oo ] Ul ca ca
] cJ]a] cia] cia] cia] Noyalak &esimfroai Ea@mp]ech]asa]am]ld)a] ca] ca] ca] ca] ca] 68Q&@ihcal] ca] c
aU] ca] ca] ca

Wi zkz~Xf %e{ upf%} %ﬁé‘tff MN‘&']‘QA’; ca] ca] ca] caU] ca] ca] ca] ca] cH183E9%) ca] cal ¢
a] cal] ca
*%EngO/\B\L;][ ]:211 ZUO h(i@spﬁﬁ}caf@ lﬁi cai cahi cabrr]oﬁ]ﬂc((:gb]cg( a] ca] ca] c™a] c™a] ca]

c”a] ca] ca] ca] ddippah&daralegU] ca] ca] ca] ca] ca] ca] c”a] c”a] ca] c”4.203 gm

T”5>F+0|X|—B}X5nl d Yl gU] caU] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cha] ¢ L ‘P&F@ %‘&&]ﬂ ] ]§] ] x]%] L ]AI](V\T%) E11#95] cal ca] ca

=GQzuoj e" ZTI N N N
I cal cal cal cal %ﬁ%@”?%a]’%%] 'ﬁa%ﬁ@']@%é%illaalcéf‘]cé g o eeletel wgaghe cal ca
n@{ >| | wal gb] BdngHLaétiater] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] @3] 144 gal ca] ca] ¢

Na] cal] ca] cal ca] ca ca] ca] ca] ca]c”a] ca] ca] ca] cna -

5p3t } 5%k U7t { vigfByityeetatea] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] CMQ%P%U] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! *k*i opsu~, B[ ) COVBTU{ vgl gb
\Wc] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] cal]ca]ca
Ul ca] ca] ca] ca] ca] calszmigialdfahs aeatddprotoreiisENEHISA from ERhitptd 2qBMWS) ca] cal
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca]ca]ca]c
a] ca] ca] ca] caweggompsred dodheaifederonce! m 0| 4| & () - MO%& ()- 10%t| & () -

#@0% | & ()-F: 10%0’]’%? Lp?@]ﬂ?eénsy VreWist! "sRAORE & {bfe coated onto a

1$, 10% & ()-f10% &
hexamethyldisilazane (HMDS) primed silicon wafer to a 1.083 um 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 PEB (post exposure baked) at 110°C
for 70 seconds on an in line hot plate. The wafers were then developed
using AZ® 300 MIF TMAH (tetramethyl ammonium hydroxide - 2.38%)
developer. The developed wafers were examined using a HITACHI® S-
400 SEM (scanning electron microscope). A nominal dose (Dose to Print,
“DTP” or photospeed) was measured at the best focus, the dose required
to precisely replicate a given feature. Resolution and depth of focus
(DOF) were measured and are shown in Table 3 below.
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Example 4
Procedure:
1. A CTG Klean® Pack, as shown in Figure 1, containing a solid

polypropylene tube and a 1-1/2 inch long 10 um polypropylene filter
cartridge, was filled with 547 grams of a mixed bed of anion exchange
resin and cation exchange resin,beads from Barnstead® cartridge D8911-

X001. The Pack was set up in a filtering system for constant recirculation.

Sample Bottle » Pump

CTGKlean® ==
lon Exchange Pack

Prior to passing the novolak resin solution in ethyl lactate through the
Pack, the ion exchange resin beads were flushed with acetone by
recirculating acetone through the Pack at a flow rate of 126ml/min. for 15
min. to substantially remove water from the beads.

2. A sample of 600 grams of fractionated MPT novolak resin in EL
obtained by the procedure as described in example 1 was further
diluted with 600 grams of acetone novolak resin solution in ethyl
lactate and acetone (50/50) was then added to the Pack and the
pump was started so to control the flow rate at 126mi/min. and to

keep it substantially constant for the entire run. A sample was
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Table 4
Metals (ppb) | BW1(Control) BW2 A BW3 A
Na 122 10 10
K 13 5 4
Fe 194 11
Cr 41 7 3
Ni 52 5 <
Ca 2 ' <1 <1
Example 5

Procedure:

1. A CTG Klean® lon Exchange Pack, as shown in Figure 1,
containing a solid polypropylene tube and a 1-1/2 inch long 10 pm
polypropyiene filter cartridge, was filled with 301 g of Amberlyst® 15 lon
Exchange beads (cleaned with DI water, mineral acid and DI water and
dried). The Pack was set up in a filtering system for constant

recirculation.

Sample Bottle » Pump

CTGKlear® =
lon Exchange Pack

The Pack was filled with novolak resin solution obtained by the procedure
as described in example 1 but was isolated in Methyl Amyl Ketone
(fractionated MPT novolak resin in Methyl Amyl Ketone available from AZ
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1! 109HH& ()

10% & () - kz~~%&%‘§%@9%§%§%i%g ?‘Fl'g%fégg cé?‘} ?' # oM} 2 minutes a
sample from the outlet (sample #2); after one hour of recirculation and
filtration (sample #3); after two hours of recirculation and filtration (sample
#4); after 3 hours of recirculation and filtration (sample #5A) were taken.

All samples were analyzed for metal ions. Results are shown below in

Table 5.
Table 5
Metals | (Control) | Sample #2 | Sample #3 | Sample #4 | Sample#5
(ppb)
Na 25 27 . 113 5 8
Fe 51 24 13 16 16
Cr 26 9 6 7 7
Example 6
Procedure:

Example 6 was repeated using the same Pack as example 5 and another

gallon of novolak resin solution was processed, as in example 5. Results
are shown below in Table 6.

Table 6
Metals (ppb) | (Control) Sample #3 Sample #4 Sample #5
Na 27 3 5 4
Fe 54 20 24 21
Cr 26 7 8 8
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the exit of the solution from the lon Exchange Pack through the

seal;
b) 1) rinsing a cation exchange resin, e.g. in a column or in a

batch process, with deionized water, followed by rinsing with
a mineral acid solution, again rinsing with deionized water,
and thereby reducing the level of sodium and iron ions in the
ion exchange resin to less than 50 ppb each; or

2) rinsing a chelating ion exchange resin deionized water,
followed by rinsing with a mineral acid solution, again rinsing
with deionized water, followed by rinsing with an ammonium
hydroxide solution, and thereby converting the chelating ion
exchange resin to its ammonium salt, followed by again
rinsing with deionized water, and thereby reducing the level
of sodium and iron ions in the chelating ion exchange resin
to less than 50 ppb each; or

3) rinsing an anion exchange resin with an ammonium

hydroxide solution, followed by rinsing with deionized water,
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and thereby reducing the level of sodium and iron ions in the
anion exchange resin to less than 50 ppb each; or

4) rinsing a mixture of a cation exchange resin and an anion
exchange resin with deionized water, followed by rinsing with
a water soluble organic polar solvent, and thereby reducing
the level of sodium and iron ions to less than 50 ppb each;

c) transferring an ion exchange resin or mixture of ion exchange
resins from step b) to the lon Exchange Pack from step a);

d) either before or after transferring the ion exchange resin(s) from
step b) to the lon Exchange Pack from step a), rinsing the ion
exchange resin(s) from step b) with an electronic grade organic
polar solvent, followed by rinsing with a photoresist solvent to
substantially remove the polar solvent;

e) passing a solution throug|h the lon Exchange Pack from step d), at
a temperature of from about 30 to about 150°C at a flow rate such
that the residence time in the lon Exchange Pack is from about 2
minutes to about 40 hours and thereby reducing the level of sodium

and iron ions in the solution of the material treated to less than 50
ppb each.

2. The method of claim 1 wherein said ion exchange resin is rinsed to
reduce the sodium and iron ion level to less than 35 ppb each.

3. A process for producing a positive photoresist composition having

a very low level of metal ions, which process comprises:

a) providing an lon Exchange Pack which lon Exchange Pack
comprises: 1) a housing, 2) one or more cylindrical bags positioned
within such housing, 3) a seal near the top of the housing that is
effective to seal the lon Exchange Pack; 4) an inlet positioned so
as to allow the introduction of a solution through the seal into the
cylindrical bag(s) positioned within the housing, §) a support that
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extends from the bottom of the housing to the seal positioned near
the top of the housing, and 6) an outlet positioned so as to allow
the exit of the solution from the lon Exchange Pack through the
seal;
b) ) rinsing a cation exchange resin, e.g. in a column or in a
batch process, with deionized water, followed by rinsing with
a mineral acid solution, again rinsing with deionized water,
and thereby reducing the level of sodium and iron ions in the
ion exchange resin to less than 50 ppb each; or
2) rinsing a chelating ion exchange resin deionized water,
followed by rinsing with a mineral acid solution, again rinsing
with deionized water, followed by rinsing with an ammonium
hydroxide solution, and thereby converting the chelating ion
exchange resin to its ammonium salt, followed by again
rinsing with deionized water, and thereby reducing the level
of sodium and iron ions in the chelating ion exchange resin
to less than 50 ppb each; or
3) rinsing an anion exchange resin with an ammonium
hydroxide solution, followed by rinsing with deionized water,
and thereby reducing the level of sodium and iron ions in the
anion exchange resin to less than 50 ppb each; or
4) rinsing a mixture of a cation exchange resin and an anion
exchange resin with deionized water, followed by rinsing with
a water soluble organic polar solvent, and thereby reducing
the level of sodium and iron ions to less than 50 ppb each;
c) transferring an ion exchange resin or mixture of ion exchange
resins from step b) to the lon Exchange Pack from step a);
d) either before or after transferring the ion exchange resin(s) from
step b) to the lon Exchange Pack from step a), rinsing the ion

exchange resin(s) from step b) with an electronic grade organic
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f) providing an admixture of: 1) a photosensitive component in an
amount sufficient to photosensitize the photoresist composition; 2)
the novolak resin solution from step e) and 3) a suitable photoresist
solvent. ‘

4. The method of claim 3 wherein said ion exchange resin is washed
to reduce the sodium and iron level to less than 35 ppb each.

5. The method of claim 3 wherein said photoresist solvent is selected

from the group consisting of propylene glycol methyl ether acetate, ethyl
lactate and ethyl-3-ethoxypropionate.

6. The method of claim 3 wherein said ion exchange resin is washed

to reduce the total sodium and iron level to less than 20 ppb each.

7. The method of claim 3 wherein the sodium and iron ion level of the
novolak resin is reduced to less than 20 ppb each.

8. The method of claim 3 wherein said ion exchange resin is washed
to reduce the total sodium and iron level to less than 20 ppb each.

9. The method of claim 3 wherein said novolak resin produced has a
sodium and iron ion level of less than 10 ppb each.
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