, €388d: 6. 6dTbk~ 2 7 JUN 2002 ,. DESCRI PTI ON PROCESS FOR PR&)UCI NG A
PHOTORESI ST COVPOSI TI ON HAVI NG A REDUCED TENDENCY TO PRODUCE PARTI CLES 5
BACKGROUND OF THE | NVENTI ON The present invention relates to apygReam for
pr.oduci ng a stable photoresist having very |low particle counts, a

substanti al | d!ency to produce additional particles, and a
substanti al | i‘\“\g\@@%@ﬁ%ﬂ\mdspeed. As manufacturing processes have evolved to
produce finer ri'es, jthe 10 presence of particles in photoresist has
becone more of a *BfBl em Photoresist conpositions are used in

m crolithography processes for maki nPESGRIPTIONed el ectroni c conponents
such as in the_f icatiqp QnRut er IQFIQ l't t L[cuit
General ly, inE IPdcESS'e'S a Dot

conposition is first aRMEEdcED FERBENER O PROPILRIE PlARTBEERSAS @ silicon.
The coated substrate iﬁgfmrbake%—m—submga—y—evmrat—e—t he sol vent
in the photoresist conposition and to fix the coating onto the substrate.

The baked coated surface of the substrate is next subjected to an
i mge-wW se ex U IN e two types of photoresist

conposi ti ons, negat,\e- ¢ ; i tive- i.n .

negat i ve- worki ng prT eorpﬁgglésﬂt @8%@%"3???'%@ téér eaeg\ﬁg%%gésd%lrné%)@ﬂngeap 8ta.ble
radi ation, thenteesisehaling Ver§ieh parian® sblinteNa exbetRiallp rédiRedadhabhepn
beconme | ess soluble to a devel oper solution (e.g. a cross-linking reaction

occurs) whil e tohwoduex poiddional pastialgs, tarel phauhstantially stablei plptoepedd As
relatively sol ubl ef to such a solution. Thus é}r eat nent f.of an 25 exgo ed
negat i ve- wor kiig"Yasiusing, Praresses navsy &volvad sios P all'NBf gcer‘?én?frﬁﬁ-’ei"fﬁ)sed
ar eas t he } F ; i [ i mge in

t he cof’gi ng. %géﬁ%sgﬁ%%@/gr%ﬂgggaggﬁ'?@ p@?‘ﬁrﬁﬁ ngéreﬁe%e un !ar ying
substrate surface dthotbiesist tdoenpdsiticnsesaies used irp osictalithograshyl pporsssed.for 2
z ~aN 2002 -2 On the other, hand, when positive-working photoresist,

conposi tions dnakiag pHYHAtUTizae celaptienie CQraRPRANtS nSUGH 38 cinathey Jabication of

phot or esi st CQISBﬁ:ﬁi j S I ] - e t he
devel oper sol ut’ n_t{?%&ng)aéP‘?éQ%%%gegﬁrﬁp ﬁg'eg%:étn%g?\leg@%s%%vﬁfégéﬁgs@rgr eas
not 5 exposed dgoafiBg Noff Mhilof e ipyiotaresibtiebmpositibheisdfirée lappfied 36! altdubstrafidus,
treatnment of an exposed positive-worKi ng photoresist with the devel oper
causes!d enovalmaterinhesiestpd da asiican. of Thee coaledi sybatiate: fie thesabakadoto a

ses!d emvalmajerighesesipozea Thee coated: sgbaliate e beeat i
Under | yi g <uBebPiaaL] BvaRaERe the SB0EnER: idBAerfiiamGayRRt sdne i

operation, nowhPabhtiRy bitdhY QliRtaes THEYdkBHLOHRd BErfaésat Bfé Mbdirae is
substrate-etchant solUtion or plasma gases and the Iike. The etchant

sol ution or plrextaubjestes! tetarhinndga-wiss exposued ta ragiatidsst r at e where t he

phot oresi st coati ngl_ was ren&/eq duri? dcgvel opnent . The areas of the['(.

substrate where the 5ot PPeYLVRGHA ?Ef' PFasfSt  GQIRPORIUONS, Reqativerwarking ang,

t hus, et cheg s digldlwoskiRG € [ SR i [ e

sponds%'?o the%g‘r?oﬁ(gér{g\é{wgzgﬁé? girvﬁtgneﬁél 'S'S-w ng"ge %gﬁ%sggtoﬁm e '@ I gﬁr on.
exposed image-wise to radiation, the areas of the resist composition

exposed to the radiation become less soluble to a developer solution (e.g. a
cross-linking reaction occurs) while the unexposed areas of the photoresist
coating remain relatively soluble to such a solution. Thus, treatment of an
25 exposed negative-working resist with a developer causes removal of the
non-exposed areas of the photoresist coating and the creation of a negative
image in the coating. Thereby uncovering a desired portion of the underlying

substrate surface on which the photoresist composition was deposited.

R |

»(G00002* !



Later, the remaining areas of the photoresist coating nmay be renpved during
a strl ppi ng operati-on, | eaving a clean etched substrate surface. In sone
instances, it is desi rable to heat treat the remaini ng photoref?]ebmg(g;
after 20 the devel opnent step and before the etching step, a its
adhesion to the underlying substrate and its resistance to etching

sol utions. Positive working photoresist conpdsitions are currently favored
over negative working resists because the forner generally have better
resolution capabilities and pattern transfer characteristics. Photoresist
resolution is 25 defgmese athéMRardRWvhent pdsidlverihg Cd’hdt@r‘ésfs@%o?ﬁposmons
conposition can transfer fromthe photomask to the substrate with hi gh
degree of |nager@dg>epmd| tinagetwise e ip oradiatican dtrisee laogase nof. the p’ao@resnst

fact 1 t | ut h I
Than one. i cr oAbRPeSRioncB@asgd Wring ddi Bliah Segomie. Mars selublh RfE ddueiptsr
o the subst raraghcfs. Qé%:%%gﬁé@hé"éﬂiwfgﬁf'kﬁ2%%?“%“4‘%32@%%2&‘9%3@%*’ and
undevel @ped ar eaposdd teendins relhtivalnt insglubleansl the devaloperc soaltionpat Taus,

transfer of the mask inmage onto the substrate. This radiatjon exposure
causes a cheni ¥gptmenhof cﬁﬂT@cXPQﬁe‘ij rPasidveswpadRg Rillaresist Witle theadeyploper

surface. Visib t g ray
radi ant ener gykgygeégg%ngyéloéﬂﬂy )gﬁ%s(%%rﬁ 3? %‘iﬁn& %8%&33 afid thachag{%o aebhl C
processes. Aft gbsitite Siraiaditr tes phewpesist Eoatirte @@@ﬁreda%m*eaaémoﬁ éfrmt ed
with a devel oper solution to dissolve and renove either the

radi at i on- exposiededyingisebatiateptigtateds emcowveredhe coat ed surface of the
substr toe. élo Partigle ene at?ﬁﬂ rgqgé]qera ar?tr(p)]cr@AelSI S If:o%pmon I?)staate
serious “probl emin SPR t \9@[‘@‘?

conpositions a )f Bé(rjﬂ'geﬂé&q'v iy gdé%ﬂa‘fé-%&[rf’an?%hﬂ%ﬁnéi Ela\éﬁ\é:ggﬁé? %d féeh

as a 1, 2qui none |a2| conpoun ormng re

novol ak resin like.aTheotohast sdlutian geplasareigésds etchribat pertivasufithe rsgbstrate
solution. Even after filtering 15 very often sone inpurities remain in the
sol ution and wMéere fize phpriresat caatingowas rempvad dyrga stevelapregnt: i Hhe amasd) |

some. par i of e5 oPifg! Rt Wer8tgblhciBldiidObhatFCs iR 1 nBlRSaRe BUHERKE.

over time and can e as arge arger

to achiigve Irrpraﬁdeﬂurseaaletthémpanérnbletdreatewnsltlde isabgtrstdunategiabWbish edvire-
devi ces, the nunber of particles have to be 20 reduced to a very m ni num
level . As el ecspondgtaithe peotomask usedclonihe enamrww expRaurg&f dhe ragiation.
sophi sti cat ed, g ob ens caused bg ?Eﬂ t‘ﬂf in t tﬁhOt or SI st _have becorre
much more dif f FBHA" '}e FeRAIPDGACAEA 1Ne BPAORT SRR PR ﬁs’emﬂ"ﬁ&‘{}{ﬂ
phenol s are frﬁQ%{ﬁBPinSQ Hﬁ@t%t@ﬁ El’e %@E!e%nbet'&ﬁéﬂ dubshrafdlisthfabet Ofne§bﬁfe
formul ati ons m f orm ng novol ak resins are typically produced by a
condensat i on r wstances, littiswdesirable talheahirdat el remaining photoresist layer, after

| ti-sybstituted phenol th f d, cat al yst h
oxal i ¢ i d or HadBYFBPEIRRY SHeriand SARRHEPONE FROENTISPAT #hEdpPstin:

invention rela t sitions
having a very F@& Qn@e '%g?ﬁ%F aq{dq?‘?&% ant i gcft%ﬁi'n?es ucm 2 7 JUN

2002 -4 tendency t oPositivecworkittd Iphotmésnpacbmpbemonarmtea:w:dmtyafat/owd gver
st abl e phot ospeed. The present invention provides a process for producing
such a photore@pg@t%w@l@ng|re$ist§ybqqaél§e|thg farmeragenasalls have hpter feseitian h

50C 5 pr et or abRRERTISY 2t BakR reslel EHRAVENEHG, o ERIPER 3B, By
about 2g 0 abodbkfided el ise simflesPfedtaraNhict t9snrabist icofpdeitRiPoban Jt?aﬂ'sﬁ’é'rf s,

thereby reducing the nunber of particles, reducing the generation of
addi ti onal par fioo the photomagskrig tbe suhetr@momﬂi adiigh degrag ¢friondgei edgenacuity

b iall bl h 0 AI I d h
Shotor esi ot CoRHBLPEPBRLIE A vRARDRT o Bbh Suaiut&uPh e lefihecBeay
with a cation eXGHARMRIGRY Bnaihd bRRR ﬁnle§§'tﬁ9n%?@“ﬁﬂgr%nr afd necag%@galm

filtered; a photoresist conposition is then formulated by adding th
treat ed phot osadslitioiny et tsoajmoestdalivaya dQSImbfa)Ithatnf@er éeveiopedlmhowealshwail ak

resin, and a suitable 15 photoresjst. sol vent tor t co t|on
i s therd r eat e®refies nog %{béﬁg'cﬁl e tpneh?r%‘gisﬁl@g %SLH% demarcations

phot osensiti ve compound w th exchange resins renopves any excess am nes
(used to catalyze the production of photosensitive conpounds), acids, and
di azo chlorides which, if present, can lead to the formation of particles.
20 The process of the subject invention provides a substantially stable
phot oresi st conpositions which contains a filmformng resin, such as a
novolak re5|n obtalned by conden5|ng a nlxture of nethyl phenols and

o o o o I AL 2 M



2 7 JtIN 2002 -5 The detail ed nechanismor reaction that occurs during such
heating of the photoresist conpositions with an acidic cation exchange is
unknown, but it is believed that sone internediate diazoniunléqgg NN may
be. present in the photoresist conposition. These internediate 9 r t
with 5 other conponents of the photoresist conposition over a period of
time and accunulate to formparticles. These3may act as seeds for further
formation and precipitation of particles. As a result of such accurnul ation
of particles, even nore and bigger particles are produced. The acidic
cation exchanggef@sd) dEP¥Iopel Atd andalalblpell dréas YRkt redlst 6&&%@ translate
i nternmedi ates under heat to 10 nore particles. Once such a photoresi st
conposi tion i sirttd laceurade patierroiransfeeditheemaskinagd aoid theagubstratd.her
formati on of parti cLI_ rocesses of the present, i nyention, _thﬁ§n

t

s. In the
tenperature for heat ﬁl?g r?‘l'#'@h%'ﬁo XROSYTS ( CaUSRF08i FYMIGH, stransiogpatign in

t t i . . 0.9 |
Zbout 400 t o 6B pifas 2P the oduted AR MG dhe” eiraBRBt DT dort O
heating5 the nelectron bearpragideXaby yadibhberdrgycareoaldidtion3fescolthenly used

preferably to roomtenperature. Wen photoresist conpositions are treated
with a basic afidsy éxerealihogenhic Arocesses: effier tisimagetwisatexpasuregthe
nei t her substantial [ on articl es r iy ial stabilization of
hot ospeed 1 erRautEl HiuueBilin & R ehiies YeIRbH ulssds BnuluBRiae
produci ng a pheftRéretheThdRAIBASINOsEA dialé DEeRpdRIdVaredy dfene togfedPsirtdcd 65, a
very | ow tendency to produce additional particles, and a substanti al
stabilization tfe pihatid@eed. The process for produci ng such a phot oresi st
utili zgg an acidic Fatl?n exct&nﬂe resiB which is heated with the

phot or 88 st conposi TABIF&AENERERNIE the p Qﬁoéﬁs.'Stﬁ%nB%{.'%ts 3 SEHRYs problem

conprises: a) il o kN h ol i L th a
phot oacti ve co[rﬁ))(?l?r%g,nai% gﬁgﬁ%}?%ggﬁ)ﬁs?ﬁgom%%, ?@O&rgsllgge@dgn%ﬁ%?@?%g%t

conposi tion; bjorfridldtedi by dissoMired od ephetbsensithsi ¢ompoures ulsuchgasr amis2-ep
a) through a 30 filter having a ratir?g%ﬁof from about 0.05 umto about 0.50
um 2 7 JUul~ gdoinenegdiazjsiee¢@naeuid.fansha divferningsesin, sochigsa novalekuasinost

preferably fro . (o) . tr i_n e resi st
conposition re&??’ﬁﬁgor%"gfns@%é} %lfobﬁlmi’%rw%a&lﬁéggg]ﬂlﬁégggﬁﬁ%h. g@%ﬁ?‘aﬁ@%ﬁ@%ﬁ and
heat i ngst he phoggr 68eérs sorTRABUtiedrdmaif iA thengtinibAdakhén @i FoRition3RC t 0
about 90C, preferably from about 40C to about 60C, nost preferably from
about 40C to abloued 50 Ign@periat|of ting (agash apmetparticles girecipitae dutefstheand
d) filtering the photaqresist conposition resulting fromstep c) through a
f11ter having SokHSRnd e PATIEIS ASSUMURIGONGR IS SHS GENPSES (RISE RS0 S Kb y
fromabout 0.0 t : o]
abott 0,15 um R DETPUL Idadks, MRS oI Phatoll g aBtian fminetfer

si mul t aneousl yyielceat gtodadihg tdlectronidi deviads, the emarhbeg ef resiidlesitthvieets ®@ t o
a tenperature of from about 35C to about 90C, or 2) first treated with the
aci di c28ati on 1esluseEnignaeene SMIRINAWD leMeln A Bleetramic devigep Sugh d% compUtdIm

about 35C to a [ {] : r ' .for.
about 35C 10 208 FA% bELETHEN SaMEMEALE BERNOER BBl Ba L n s,
process by: a)pRo@réslsitave BECEHAS ensdH ndfe 8RfiuMUBbVefcdmsli t abl e sol vent,
such as 20 tetrahydrofuran (THF), acetone, propylene glycol nethyl ether

(PGVE) or a suit abl Eilphforming nevolal| resins, orspaljvinyl phenals lase feeqeently used
propyl ene glycol nethyl .ether acetate (PGQVEA); b) treati he .

Dot osensi {1 ve a8 SRS Lutar i JORKHCLeEs oG defa Fertuing ngiolak
exchangg resi nregiys Chrd T@%‘idaﬂig A8 0BENSl torRIcHIEROY NPed @i {hatdheenom
step b) with a basic anion exChange resin; d) mxing a filmformng resin,

such as a novofakaldetiyde and bneror mbore oeitirsubstinded phenote] in dsel lpresencer ofm

step c), in a photoresi st . , . .
P c) gn ac?d catafyst, such as oxalic acid or maleic anhydride.

SUMMARY OF THE INVENTION

30 The present invention relates to a process for producing photoresist

compositions having a very low level of particles, a substantially reduced



solvent to provide a photoresist conposition; 30 e) filtering the
phot oresi st conposition resulting fromstep d) through a filter having a
rating of fromabout 0.05 umto about 0.50 um 2 7 svN 2002 % pr@ﬁf‘zf bly
from about 0.05 umto about 0.30 um nost preferably from about (3‘(!) to
about 0.15 umf) heating the photoresist conposition resulting fromstep e)
with an acidic cation exchange resin at a térrperature of from about 35C to
5 about 90C, preferably from about 40C to about 60C, nost preferably from
about 40C to about 50C, preferably for fromabout 1 to about 15 hours; Q)
filtering the tph@émdyesiostprogibesattiRionbESpartices, f afdn at eibklaritilpugtaie
filter having a rating of fromabout 0.05 umto about 0.50 um 10 preferably
from about 0. gBhalespesdabbbe preSmtimvantion prowites £opKocess fierapoducingodialing t o
about 0.15 um ﬁ(? th(l=r sol ve}re{t fﬁr th«ta ﬁhotgsensi.tive corrpoundt in step a)
is different fAGIRERESHRGSEANPY L5AYRA A BERYTTHSLTUPPATIOR Nathsad AGHIC ysed
instep a) is datisheshlangBUBsimat hbirper AIRY of frovi @Boar 38%C dosdtdu doen or
crystallization from 15 water, after step c) and prior to step d). An
aci di ¢ &Tat i on prefenablydor & abeuich tad Sahaurgr swoee gireferngbly dozfrom abadutod to
Such ion exchange resins

exchange resin is utilized in the _present process.

are avail abl e %br%'ﬁm1@ohﬁv%dn%hered§ﬁ§§nff?"£?§9%ﬁb@r pbQuyt ?% halirs oetgBhange
resin. Basic i X i Lz e p 0.pf, L&

bresent | nvent PeRong L A BRI P gatdies fenihd isRbgfiiRon oh addibnal, o,
exchange resi rgartidlbs $ponesging dfthe qeidtaresiynt amd padvidngha 8abSRNEATR stable

200, 000 ppb of sodiumand 1ron. Before being utilized in the process of the

i nvention, theéhotesneest nmetal ions nust be substantially reduced. 25 The

oc dieygeton exchonug g b hietee, A0 11 R RO A

wi th dei oni zeghipdensitihve! LOMPAURY i8 filiched atre8@ddWRA! &1tdBBn SxHAMR Aesh?
percent sulfuric acid solution, rinsed again with deionized water, treated

agai n wi th thend ribenl aaciadiosolexchanganmksimcandoirgain rfiftecedsi ah phetanesiséd 30
wat er . 2 7 JUN 2002 g he ani on exchange resin shoul e rinsed with
wat er and t herFORRRHIGEL 8| ;{'T‘Pd" b '@“Lag?‘gt Eﬁn?dﬁ’lngf gh'éb:?ﬁ?a??fg BhfteReRsibYRinge
isinitiallyr'g@ﬁgl' i ﬁﬁ,qlg er Iog\gﬁ] riRsd Lt
non-netallic bdgs soqwuwgg@hgﬁag a \P%ﬁ/o gtrjﬁt‘rtgr%lsum yggégx':egg{r%r%\%r%hr{%gée

agai n 1t h deiphotaredistaiobientS Thephdtargsist coiripositionois-tiveharéated b@s én the

solution, and once nore rinsed wth deionized. Photoresist conposition are
formed by proAb®VRg PARCEsSni x i bee treatraemih &f oeh SPhatoeensiiivso raampaund | with

f i in, h . | i i nvl | -
sui table phot SPEHRGRSSKRRY RrBdaty SiBefr s 1uBeECR bbbl

may include prpaylictivh 6f phelosBRsiAv&lclsiipotings), adid Bfdediaze| ddnded) Whlch( e. 9.
met hyl ) ether acetate, ethyl-3-et hoxygropl onate, ethyl lactate, m xtures of

et hyl - 3- et hoxybpreseoh£as lead tethe/formatienmoé padicleset anone,

3-net hyl - 3-nmet h - but anol . _butyl . . at | igl hyl
o ool mmoet hyl et il Pass o e adtibd: iSpEIGh Srodips EbubsEntay sRuR "
ﬁ%whicr?tdahkaihgfé @, foﬁﬂﬁ“réﬁﬂ?%u%ﬂdas a

gl ycol methyl #Ji6resht&dcthSodifi

i

et hyl - 3- et hoxypr opi onate (EEP). her optional ingre s such as

col orants, dyamvolak resinrobthired byecorsensingla myxtuge mafs mephydsphendasrand

adhesi on pronoters,, speed enhaglcers, ol vents and such, surfact an}\ﬁeg%ﬂﬁ
T

non-i oni ¢ sur fIAEPAIFERYHRN 5o SQYERY Nothenkresgned|Qlt 3 AClt catatak

phot osensitiz : j i resinst: jtion
is coated ont ?gﬁ%ﬂf%ﬁﬁ%ﬁ'{@ﬂ%ﬁj g_§ﬁ1né§é%g%feégd?gwﬁya§%%ioﬁsﬁwééor{f%g%’c?e:ggy be
used taget her tvifemdvee walter, argsacted Clorpakichiydas uafedched Ppiethgnphenylenamn@n

include Methyl Violet 2B (C.|I. No. 42535%, Crystal Violet (C.I. 42555).
Mal achi te Gr edhe(lIventnoA auitaide amepentopl sUEH @e npvelak resitoand sam figstiveind

Neutral Red ( %rrlmumoof a§qg§8)or?et pIQotg)séRsitJl\pe BS&BSUhd,"Wh%Htis ln%Yr%'aﬁy obtained
from the reaction of one or more 1,2-quinonediazide compounds and one or
more phenolic compounds, are mixed in a suitable photoresist solvent to

30 provide a photoresist compaosition.



based on the conbi ned wei ght of PHS and sensitizes. The dye additives help
provi de increased resolution by inhibiting back scattering of light off the
substrate. Anti-striation agents nay be used at up to about a %71 \udiNp@02Zent
wei ght 30 | evel, based on the combi ned wei ght of novol ak and sensiti zes.

Pl asticizers which may be used include, for gxanple, phosphoric acid
tri-(beta 2 7J UN 2002 g chloroethyl)-é&ster; stearic acid; dicanphor;
pol ypropyl ene; acetal resins; phenoxy resins; and al kyl resins, at about
one to ten percent weight |evels, based on the conbi ned wei ght of novol ak
and sensitizer. The Thesetaliledlemealanisimversreagtionvbat becureaduring susipaehtieg of
the material and enable the 5 application of a filmthat is snpoth and of

uni f or m t hi ckne¥fdhgPhateresial qomyasitiongnuih 7 fridieriatips eshaAgRdy Uskngwag
i ncl ude, for eXAPS , B < | )i | L1 i ;
p- net hyl - di si | ane- 'lrtrg? h@%‘%? htj?g?y%aai it‘ee;qxfﬁ"(r?n‘%?[%{‘% c%?%ér}ﬁ%ritnl gﬁ@bﬁgﬁgé ) e
gamma- am no- pr gpgbentr inethBtittotesise compositiapo UTheselinpehtiidtevan g redcveith
based on_the conbi ned wei ght of 10 novol ak and sensitizer. Devel opnent
speed enbancer Othaacompenpetsugkthe photatrsistiermpasign evepadariedael dne and

based on the comsHrubEGIodArNpafBl: aindek Mel g As ket RE el bt '
tend to increasghd prciatatibh! dft parbles AP BAESHIEDF %hcﬁ%bmmdti&lnb@ﬁ PartibRs,

exposed and unexposed areas, and thus they 15 are used in applications when
speed of devel opesnmores andebigger padicles amnpiodieicadi orheeweidid hatinrh exohange

degree of contrast may be sacrificed; i.e., il e the exppsed areas of the
Dhat or eat st _codeRRGTAYIAC 5 ety da Gt iheb BprTRE Iy SUBoReat It
speed empkancer 1 C%wﬁ% r L t] m
tﬁe uneﬂgosed Zpégibaggﬁgke o) ng%@E%§90k£é%?§é%ﬁ B%ﬁbﬁﬁgqg$%gglh8qngh9
conposi tion i n seedanenain tf fagjitate fOGRediprmatiohbf particles. sol i ds in the

conposition. Solvents, of course are substantially renoved after coating of
t he phot oresi st sol Upitae pspcessesfthapeesand invanting. theotemnsipture jor Aeating s

cthanol} ootyl R RoyetEse B BE IR st B Ba S rihF R Ere Pt oy on
the conbi ned weigyy, iaf. fAraM Abakit 3BeC $£96°C | greferabliefrdthediuedord ad Boesi &id
solution, can be applied to a substrate by any conventional nethod used in

t he phol®r esi stmestt praferablidifiegn cabssit P°Cs tr H%°Qg, Afler rheatigoaritie spixture is
coating. Wien spijn caoatin for e the, 30 resist, solution can pbe

2 ust o i ch et ayied BBl R RN of Boig s BResibiiS Bpi Briarale
provi de coati ngyAbn ! MotdRssigteCorhPbSitioes Bre Ar&R8d LWith (& BAsR! aniof éxdidlye? D02
-10 spinning equi pnent utilized and the anount of tinme allowed for the

spi nni ng procegssinSefi taxivh desyiesatueg @dthout hedting,i heithen, subistantialimedyatiopnef i ¢
resins, silicon dioxide, doped. silicon dioxide, silicon pjtride, tantalum
copper, pol ysi Iﬁ%ﬁ?s eef ﬁ%@@?“%’l%ﬂ?'ﬁ%ﬁ’d‘)@ FPgTOtQﬁgﬁetgr'éé,cnﬁé(Pﬁi um ar seni de
and ot 5 such G SRR : | | d
by theh%gscribed prggghhﬁgégFe pagyﬁgﬁ?gg §a@ﬂ?@gﬁfﬁ“ﬁgPagﬁhPF%EP?%%9§§€
thermal | y gr owcosmposition siavingoa ergxiode tavel ef paficles, asverly lasv teredaroyl tozed

in the production of mcroprocessors and other mniaturized integrated
circuit conpond¥educerqdgitionahpartidlesyansha 19 hstantial siakilization ol pBolesPaedd.

The substrate Ry gl 30, LM IBEAYANRS MRPY YRS ThiiSes 4P SRIAL! Yation
transparent polymers SUcCh as "pol'yesters. The subsirate Tmdy have ah adhesion
pronoted | ayer éxchangdirbsibl Whieaneasddte® withs tHeh phstopesisicesthpbsitiog ik ehedl Kyl
di silazane. The photoresist conposition solution is then coated onto the 15
substra2®, and fiteeedsubbe subject pracesatcempaises: t enper ature from about 70C to

about 120C for from about 30.seqpnds t o _about +§o seconds,qn a hotwﬂhate or
for from about A5 t SVXESLt3 offMhi RITEY TRSY: ¢ @S éh MGk Tigsin, with~a

tenperature treat ”?rﬁhdéa&ﬁbe%@r‘i’pdd?\d?r ferat Bhét%@'é’é?ﬁ_ ts*&%é?f?,”‘l@”tdré\t/ihen f
residual solvents in the photoresist, while not causing substantial thermal
20 degradation of tphoddvesisé ensiposition; | n general, one desires to mnimze
t he concentratnﬁn of. sal v this first.te ehatUﬂg treat ne

, ts ,and , t is
conduct ed unt i 1DIsubdiEAE AP yPIAPTes RERGHIASH S UHRTe G- H/GP o AT Qe 2
thin coging of pholpeeshflingOamMeshs! 8N frof diit 06, er@I BPELSHCDISD 1yfin,
t hi ckness, remains on the substrate” In a preferred enbodi nent the
tenperature is fromabout 25 85C to about 95C. The treatnment is conducted
until the rate of change of solvent renoval becones relatively
insignificant. The tenperature and tine sel ection depends on the
phot oresi st properties desired by the user, as well as the equi pnent used
and comrercially desired coating tinmes. The coating substrate can then be
exposed to actinic radiation, e.g., ultraviolet radiation, 30 at a

Y r I P Y. T R T~ P



.2 7 JUN 2002 -11 beam ion beamor |aser radiation, in any desired
pattern, produced by use of suitable masks, negatives, stencils, tenplates,
etc. The photoresist coating is then optionally subjected to & pg8h 2002
exposure second baking or heat treatnent either before or after 5

devel opment. The heating tenperatures may range from about 90C to about
120C, nore preferably from about 100C to al®ut 110C. The heating may be
conducted for from about 30 seconds to about 2 minutes, nore preferably
from about 60 seconds to about 90 seconds on a hot plate or about 30 to
about 45 minutes b | o} 1 Sl -
substrates are devéféc;f%@?wE@%@@@%'R%’?ﬁ"ﬁgés@@ggiﬁﬂsegggéﬁezésra%w rSH‘

i nrersion in an al kpbun@.0dquRIteRLBEt 8ABUImon or devel oped by spray

devel opment process. The solution is preferably agitated, for exanple, by
ni trogen bur s€) agi treatios . thghehetgmaistacerspasition| resuting: Gomeatgipnb) witthan
devel oper until all,.or substantially all f_Lhe, 15 t oresi st _coating
nas di Seol ved fronPPH eRCERA D s Riony Bralild e MRapRGEt Bnesalion

sol utigns of ammonidil @mEErklrk dEteh dDoit BEedes abbet 90%s eprehstablydfrer de
is tetranmethyl anmmoni um hydroxi de. After renoval of the coated wafers from
t he devel opi ng sol abooh40%h¢o mhput 66ULcmoshpreleiabhafroposbeuted@Cotonmaboutheat
treatment or bake ipncrease the_coating s, adhesi 20 and, chem cal

resi stance to etch%&éésiyle‘fﬁrﬁg%oéﬂﬂ"b??@ﬁ E%&%é&houﬁea‘%st-devel opnent
heat treatnmeng,cang ém;{ [ ; [ 0, ' and
substrate bel E)j?/v th(falﬁcclj :tt?]é;p?Bgoorg #igglcﬁg]pgglhlﬁb . ?Hnﬁﬁdﬁgﬂ%tgp@p%?%% i%ons,
particularly in théltemmaivigt @ eatidg rofcfroni rabout rg.06njtrs tonatsadti 0BV girhj con
di oxi de-type substrates, the devel oped substrates may be 25 treated with a
buf f erl®d, ~ hydr of | ugreferaply fopnakowttGHp wen & pbewtdh30HR. mast Breserably from

sl ons and_pr ovARBUET BB R EBPLER BTN Tor *t he. unexposed - o
phot or esi st - coati ngy %‘ﬁﬁ%) Qhe DOt FadinfpostibnT sayf BE! 0w NnginslefHeUSly

exanples will provide detailed illustrations of the nmethods of producing
and utili zi ngtreatgubwith ithe acjdiodatiadekshange nesicand hodited 1 & teropezdre ofl 2

t he present invention se exa are_pnot, i ntended,. however, to |imt
or restrict tﬁ@”&é _Bét o'*y;l&ht_@ Pﬁ%@npb&’f% ?"nzgnbr aﬁﬁa ‘gﬁ'?)&!‘% 3fidic gation
const 18ed 25 | BOMA leGRIMd HAEP BT LEfdmBEraFeuse o GBol 3be@ct
utilized exclusive In order to practice the present invention. anpl e
1 Anmberlyst 18bédtd®C.aci dic cation exchange resin beads were cl eaned by

rinsing with deionized (D) ter and then 10% hydrochl oric acid sol ytion
in water. The pre- Jh@dﬂ\é%ﬂt%‘\é\ﬁ@ PEOVides aaetheaifar produging the pRatoresist nsed

t horoughly w t he i | ycol nethyl ether
(PGVE). The r[ezgmisza%E@Hgéglg@(ﬁ%gﬁl?%gng)aﬁjtﬁ%t%%ﬁ?%%%%gphotoresi st
(avai l abl e fram AZpkhwdihganipholddepisitiescorpatindiii 2Cuiable i solverdneakh ragund

bottom fl ask, equi pped wth a heating mantle, a thernoneter, a thernowatch,

a con@®nser and a tettathwdirefdranst (Thihg acetpne, bipserylene dakyeol eanetlwy! niether e

resul ted, which wa ed to b an ept .at _that tenperat for .6 hours.

Ater the heating FRATe fae sievBonapRist et cBRR Fochletfed

t enperature of thEpf—BQS}]éH@%W@& Pafhyl EfferHcstale ePEMEAR);| owed to sit

overnight. The resulting photoresist was filtered into a pre-cleaned &

met al ion freb)500tehtingiibe pllakesensitivel eompeundy rasuting frINsStGY 20 witd@h 20

cartridge and a 0.2 Qméﬂnﬁcron%r Gel man filter under conpressed NZ

pressure. The treaPEW'QHHYY %5 €%¥hen force aged for different tines

at a tyenperature o € : i S ; 0.3

m or Toarger Gk ctaaras hehIbEREsIe RBoha Mg o, SRIR) WL S <

are shown in Tabl ebasicedrman excllangelrddiny 2002 - 13 Table 1 Exam

| ePr ocessForced Agi ng0. 5Nm). 3Nm#Condi ti onsParticles I ml Particlesln 15%

A-15, 50C, 6 Hbs.; MiKingePedirnhfsmiNg oesign sugh assa avelkadesin, with the

i s4730940C, 1day181 ' VS5 . I s rep i ng

3% by weight of A- i)ﬁég}%eég@é?O?@%Boﬁﬁ@”@sﬁltl%g%ﬁp s(?e;} (\{ya in' § S%E}(ﬂeé‘lﬁ
solvent to provide a photoresist composition;

30 e) filtering the photoresist composition resulting from step d) through a

filter having a rating of from about 0.05 ym to about 0.50 pm,



S hours. The resulting mixture was then filtered, as in Exanple 1, and was
forced aged as in Exanple 1, under conditions Ilsted below in Table 2. The
LPC (liquid particles count) is also shown in Table 2. Table 22 EJSUN 2002

| eProcessForced Agi ng0. 5unD. 3um#Condi ti onsParticles Im Particleslm23%
A-15, 50C, 4 hrs.; filtered through 0.2 NmfilterSolution as is4440440C, 1
day8656540C, 3 days6456640C, 7 days53796 16 7Exanple 3 Sanpl es of the

phot oresi st fromexanple 1, exanple 2, and conparative exanple 4 were
coated on a hexanet hyl di silazane (HVDS) prined silicon wafers to a 1.7 pm

filmthickness. Su AU VG
8100 I-line hot pl g‘?@%gwﬁo@ a‘-B?i;]ug Otl?é;ﬁr%ﬂ\]bt I'N 2(9:1%{5 p?ﬁ rﬁgﬁtgﬂgfﬁeﬁﬁ[gﬁﬁrﬁ was

printed on the coatabbwdl.@5 gnuki algowt M154nMJA NI KON i-1ine stepper and a
NI KON resol uti on retl cle. The exposed wafers were ost exposur e baked at

110C for 60 sefdondshemtingnthe, Ahotereatst qompasition gesulling Jr r¥eP Hoh Witbv@Noped
using AZ 300 MF T%sz‘éﬂoﬂp&ch(aig%%&ﬁ éﬁé:tgﬂﬁgi’%thréw %BMP?Q&S% ?y

wei ght in water - avarl e fro ectron rials ariran

The devgl oped waf ersbhowtr @Oexanpr@eetabgn feom laibamaﬂms- 460 aboaﬂnﬁsm elnmttr on
m croscope (SEM. A nonminal DIP (dose to pri dose required

preci sely replicateP® %{?b@rf@@aﬁhﬂ%)“m@é@cﬂmpi §Q°Ce§tﬁ9{fﬁf@bl¥ ﬁoatfromabouhﬂ\d

focus latitude were n%asxlr,‘%% at the best 10 focus. The test results are
shown in Table 3 betl0 Nee three 15 20 phot or esi st sanpl es were

stored in a they oSkiirOte’ pAdFediéioesmpasineh BSuMAG A dibe Mhricaghesds

wer e nmeasured again and conpared wth unaged sanpl es; to deterim ne the
stability in terns fiferphaviogpaedhtinghef rfesul abkoutr €. Oﬂmm fon abablt €0.80bphow.

Stabi | 19y1 7 om-Lat | (oBaBN LB AHOH DU BRI . grost preferably from
#~-M | cn210. 55251. 63gn B2 RroR2AoRfFo in40. 55311, 6146-10.6 The sanpl es
ry s e i

fromexanple 1 and were v n‘terms of particles, additional

particl e generihearthesdlvam farsthe grhotdsensitvepdompoir instppiadis difeesrstrfrdm 4
was unstable in terns of particles, particle generation and phot ospeed.
Conpar ati ve Extﬁﬁppbowrﬁd&fnﬁpblemt WSy Ebééﬁ?necﬂ)wthﬁ splyent gsed iposiep a) is

tenperature fo S

tirougn a0, 1 RAPH ST Bl “sBas b BNt Br bR by

in Exaggle 1, wa@raﬂ&%tgﬁcggﬁéi‘)ﬁ'ibf)[&sie'psd )ed below in Table 4. Under 'these

condi ti on, the number of 7 JUN 2002 -15 particles was very high after 7

days f or ced agi ng. Ahiacidigacalion exchangeesesimasutteasi agstyfene/diviphitbenzese st

is essential. e%ble45 o . .

cation exchange resin is utilized in the present process. Such ion exchange

resins are available from Rohm and Haas Company, e.g. Amberlyst® 15

cation exchange resin. Basic anion exchange resins utilized in the process

20 of the present invention include Amberlyst® 21, Amberlyst® 26 or
Amberlyst® 27 anion exchange resins. These resins typically contain as
much as 80,000 to 200,000 ppb of sodium and iron. Before being utilized in
the process of the invention, the level of metal ions must be substantially
reduced.

25 The acidic cation exchange resin should be rinsed with water and
then a mineral acid solution. Preferably the cation exchange resin is initially
rinsed with deionized water, followed by a mineral acid solution, such as a 10
percent sulfuric acid solution, rinsed again with deionized water, treated
again with the mineral acid solution and once more rinsed with deionized

30 water.



Exanpl ePr ocessFor ced Agi ng0.5n0.. 3

~nCondi ti onsParticleslmParticleslm Conparative 45% A-15, rm Tenp. 6hrs.
and filtered through 0.2 NmfilterSolution as is189440C, 1 day?239idm 3
days10142140C, 7 days32, 50450, 551 Conparative Exanple.5 AZ 7518 phot oresi st
(avail able from AZ Electronic Materials, Cariant Corp.) was filtered
through a Zeta Plus B0204-30CP cartridge and-a 0.2 pm Gel man filter, under
conpressed NZ pressure. The photoresist was then forced aged, as in Exanple
1, under the conditions listed belowin Table 10 5. Particles were then

measured and the LPfhg efiibh x@h8ngé S8smNENBUIH el #iRked Swith Wete £ 5APIHRNS Bows
that only filtration to renpbve those particles is not good enough to make

phot or esi st composiatallin asabdautionab Peeferdby fipd @it excirangeeid indiallg@inseds
Nm0. 30. 3 NmCondj.ti pnsParticleslm Particlesl. m Copparative 5Filtered through
0.2 Nmfilter S¥ith ezb?f"é%é i"‘@@?lfgh@@?é Pyd%”y%%z’ﬂ&gé,”@ﬂ% ®PESE oMU, 7

days4572108652 ) 2= fedidRe T &Hd ;
phot or esi st (a?/l'éﬁ'fglz)l@ %eryﬁ'mr?&g%IQI1 i‘?’?r orln c %ﬁﬁf%%@@egﬁp%ﬂ@%ﬁ)wat%s
pl ayed 6n a 4-messd agaimdwithtd ewntrinetdiiic base ppkdiow BhdaorwEatriorg rinswainiith, a
t hernoneter, a thernowatch, a condenser and a nechanical stirring rod &
bl ade. The phot®jPBiZedt was then heated to 50C and kept at this tenperature

for 6 hours. After i S,..Ngating |.e r ;
Stirring was conti nE@%ttoﬂn%s{ 8{5%’@0? @%earrgt ﬁ)r%eqe?)f b’?ﬁ’z&ﬁ@'}? u?% %a@&gggk()ftg
30C. The mi xt usieotvesnsitive@vBehpolndi & fiiEbrhblat resiM) @uER Y 4 indgolbRk relspt 6F gsi st

was filtered into pre-cleaned & netal free 500 mi anber glass bottle,
t hrough a Zet ap®lyvisylBpRedc!l3@0R a auiteblegphatosesistosalvent GSuitablef solventsufoder

s CER V TR E  E CR FEE
measured at boghc§ YN @G |REGSH 8iterahcSate, NEHTINGthbREBHIERS € Sthyl
lactate, mixtures of ethyl-3-ethoxypropionate and ethyl lactate, 2-heptanone,
3-methyl-3-methyoxy-butanol (MMB), butyl acetate, xylene, diglyme,
ethylene glycol monoethyl ether acetate. The preferred solvents are
15 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

20 solution of novolak resin, photosensitizer and photoresist solvent before the
photoresist composition is coated onto a suitable substrate. Examples of
dye additives that may be used together with the photoresist compositions of
the present invention include Methyl Violet 2B (C.I. No. 42535), Crystal Violet
(C.I. 42555). Malachite Green (C.l. No. 42000), Victoria Blue B (C.I. No.

25 44045) and Neutral Red (C.l. No. 50040) at 0.1 to 10 percent weight levels,
based on the combined weight of PHS 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

30 level, based on the combined weight of novolak and sensitizer. Plasticizers

which may be used include, for example, phosphoric acid tri-(beta-



.15 particle counter. The results are also shown in Table 6 bel ow. Table 6
Exam | eProcessForced Agi ng0.5 unD. 3

unCondi ti onsParticl esl m Particl esl M Conparative 6Heated for 6 24pYuN 2002 50C
and Filtered through 0.2 p nSolution as is123640C, 1 day> 100000>
10000040C) 3 days> 100000> 100000 Conparative Exanple 7 A-15 ion exchange
resin beads were washed with 5 bed vol umes $f 20 10% HCl solution. A |arge
amount of DI water was used to rinse the A-15 beads reached until the
conductivity of the rinse water no | onger decreased. Anmberlyst 21 (A-21)

basi ¢ ani on exglhpoataylRStdl; baagdsc V&diE; l@ﬁ(_%rﬁﬂ)fﬁﬁﬂ?blwtobwéﬁieﬂgadétélh resins;
dei oni zed, then w th” 10% amoni um hydr oxi de, and agai n Z 7 JUN 2002 -17
wi t h dei oni zeghenoxy resing and Blkyhtesins latalxud operte teachercashweightilevels,

separate columms _and rinsed with 3.hed volu each of. MeOH_f ol | owed_b

" hei g w th- BeTEA oY B $Enehad wiialT: of RoUTER KBS Se Rt otpeuBiES e erer e
through a Zet aqgkhtives BRENIGvSORE Esdting PasheHifs fOthe NBtEBAIMRdSe étﬁlée{heunder
conpressed NZ pressure, and then passed through the prepared A-15 col um

fol | owedd by papplicadiontofaufiim that istsrpbotiohnamf ufifeeny tickmeissto thersubstragach
colum was 15 m nute The resul ting.phot oresi st was filéﬂered, as in

Exanple 1, into a PYORESiOBRRMACHMAICY May Beysrd IRAEE. fIraexamble; (heta-

th h a Zeta, Rl 0204 ' .0.2 N
under “conpr es (g SR EREIT RIS IEne, 0. %, BHTELBRE aheThedd | |
Exampl e 1, und@thé?ﬁla@@ndiriyitﬂ@hlbio%ﬁlade;i and agardma-ali e propyi ki Blog§silsiee

then nmeasured and the LPC results are also shown in Table 7. Table 7
Exanpl ePr oces¥Poloc 8goulgiangopercgnim@ight level, based on the combined weight of

5591705070, Bokplak: T sepSlied  PleVplmrRer reeR Shh s B AR Re s
filterd0C, 1 gryid28r @kamiple ColdRarAtid VRIcEHABPAER DrAditréSihBaRti® aRiE BipSto

(avai l able from AZ El ectronic terials, Cariant Corp.) and glacial acetic
acid (1 % of wbeuiwei2fhpewfent heightoeuele biase)d arethe pdombid weight-of eoivotakund

bottom fl ask, equi pped with a heatjng mantle, a.thernoneter, a.thernpwatch,
a condenser aff as%\g%th%ﬁﬁ cgﬁhe§f3i ppbﬁrgcqr%te@datomnquga%_t ?héOIHEE‘&broésﬁ was
t hen heated t at i . r urs
of heating, t Qé%egggﬁ%ﬁmm'ﬁebméﬁ? tggg@sggc?a éﬁ%ﬁp &gﬁ%%cf;%é{]a%,aﬁétt@%sn?}%ed

until 1Bhe tenpes ajsede imfagplieationd witen sheeédJ N RbpmMéntwis thackvérfididigC.
The m xture was then allowed to sit overnight. The resulting photoresist

was filtered, cassifaratioangven thought eome slegree ohreatrapdmayt ke seedicestd-end
Galment 1t er WilRae' SR Bef€\d et BndBretisr el b YL aiel  nen
stored in a tgaickRsbythé devélopeerthdtspdetsnHdneerewill also cause a larger loss
of photoresist coating from the unexposed areas.
20 The solvents may be present in the overall composition in an amount
of up to 95% by weight of the solids in the composition. Solvents, of course
are substantially removed after coating of the photoresist solution on a
substrate and drying. Non-ionic surfactants that may be used include, for
example, nonylphenoxy poly(ethyleneoxy) ethanol; octylphenoxy ethanol at
25 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,
spraying, whirling and spin coating. When spin coating, for example, the

30 resist solution can be adjusted with respect to the percentage of solids

content, in order to provide coating of the desired thickness, given the type of



aged) at 40C. The nunber of particles 0.5 pmand larger, and 0.3 um and

| arger were counted usi'ng the automated particle counter. The results are
shown in Table 8 bel ow. Tabl e 8 Exanpl eProcessForced Agi ng0. 5@ b JU028D. 3
NmCondi ti onsParticl esl m Particl esl m Conparati veHeated for 6Sol ution as

i $>100000>1000008hours at 50Cwith 1 % gl aci al acetic acid andfiltered
through0.2 Nmfilter40C, 1 day>100000>100000@46C, 3 days>100000>100000 10
Conpar ative Exanple 9 Preparation of Photoresist 2000 mM of a 15% solution
of PW994 photosensitive conpound [diazo-2,1,5- and 2,1, 4-

di azonapht howﬁﬂgg%ﬂ SRBhEUBRR alt tHd hﬁfo%nﬂ-o?-tlﬁ*ﬂa élﬁ)vbé/djf&)ﬁ}ﬁghsed‘ﬁ(ﬁlhg

ethane] in P prepared. The resulting solution was first l'ter

t hr ough \What meprosdss.i Ismtamarmxbsmatbd dredudeh ailichn Yeabdminkven, ppaly oeeicsresing
conpound ( PAC) was I The so ut,l on was . then filtered through a 0.10 Nm
filter. Two 60RIGAN @’EI s daped Silicear Qﬂ)x'éﬁ'\ sfighR a'ﬂ'rtﬁ 'ﬂwspomeen

acidic cation @5&9\9 ter,
a 10% sul furi c‘§81 gé] olu ?@E"S\gﬁﬁ Sgﬁcﬁﬁﬁ ilé(lﬂgﬁlgz %@?gﬁ?ﬁ rﬁfﬁteﬁrg?
col uim gont ai neth/Greug MgV cdingeaside. ani on exchange resin was 2 7 J UN

20t 12 -19 rinsed with deionized water, a 10% ammoni um hydr oxi de sol ut| on
and again with dei ohe&nojeresist caatings qredveedubyethei deecribgd: pr

bl own dr The i.0
exchange.  esi PUOTURRY SEBE B, PRRGHEy! L it BroBB et omﬁ@x%
sol ution was Sddied widemeduthizausts dtiieedifPeid pridudliodf AlcROpFOEIE8rd 8AdN
colum at about the sane flow rate. The PAC solution was then adjusted to
the correct sobthds nmiaiadlirized integraded y:mcuasmm'epmﬁnts-o Anldluéninemialgmaies
target, To 1200 . grans. of the PAC sol n in P dded 1200 grans of
a 48% 191 ut i orPXide WRfsr s8N Alsp Perysed. f 'P%SPQP%‘%A”&%F] P FYPREPE ¢RYQES
novol ak 10 re Co

and FC-430 11 Y REFL (8IS, LEPECiAn FoRchamit palsheis)idh a5 mehidlirs o The

novol ak/ sur f acdudsstratd miayhB0Oan ddieegion usraotes dybe of \whdutable(eﬂmpww@rhe
viscosity and absorbance rates were adjusted appropriately to the 11.0
centi st okes ta?rhtjﬂ‘é‘ta%ﬁﬂeSQN@'@BQMQT%'@“&ES'§€@n$ranometers of 0.87 to produce

hot t 15 ted
by hasel v the oo Bt bhbffesidt oINS | ShuEATDR® hEA" Bfkd Mellol ifif =
heat tygating émt@t@ta{@méguﬁgfatébweaie?d bpurten@ierétﬁ% frongl abB@ﬂ?f)"(t #@T | ng

the heat treated conposition through a 0.10 Nmfilter. The photoresi st
conposi tion vvaabamélr?.oz&@e‘dr tromaioitcd0 seeondsnte ghmut d89 savondsion T hbt plade

bel ow. LPD 20 data s a b hl.c Q LPC data for 7511
phot or esi st (a‘?fah atTPE‘ @?JQHfA%MI%‘P e{hq,ug %’@ Wl?ﬁ C@”é(fepg‘?ﬂ ¥, ) ré{@ed
wi th PAC/ PQVEAGRY ?!u‘?@ thédthhefit lid Yol dGh HIdEF t@%é‘@cé e ToRB¥AL éﬁ’or?’

m cron particles/m) TI ME*x NEWNEW AC D6166573118221740441052851487801373786

25 TI VE* - Ti mesidual cajvents le thesﬂn:ttomssthwlhdemot&ﬂiﬁsmge substagtial #gthal 20
NEW - prepared AZ 75 usj,.n res rocess and. no PAC
ol ut 88 agi naaeEopAt ol thé, pholassasuada, I g8nibond dasieyta RaNGRES dAe

gg?ﬁ 3_55 usi NGedrfenialith 't sd\rils 3nd” SRt WBﬁ{p%?éth?e ¥atrAcH¥S condiidl 1o

Ty

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
25 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 and commercially desired coating times. The coating
substrate can then be exposed to actinic radiation, e.g., ultraviolet radiation,

30 at a wavelength of from about 300 nm to about 450 nm, x-ray, electron



.2 7J"UN 2002 -21 Having described the invention, what we desire to claim
is: 1. A process for producing |ow particle containing and |ow particle
generating a photoresist conposition conprising: a) mxing a fplpygpraeng
resin with a photosensitive conpound, in a photoresist solvent, and thereby
provi ding a photoresist conmposition; b) filfering the photoresist
conposition resulting fromstep a) through I tilter havi ng a rating of from
about 0.05 pmto about 0.50 Nm c¢) treating the photoresist conposition
resulting fromstep b) with an acidic cation exchange resin and heating the
phot or esi st cdyars, ibndredra ar lbsepedidtione imfanky rdesired qatte3b Cptaduabd iy QOE,

and d) filtering the photoresist conposition resulting fromstep c¢) through

a filter havi R S¥iteRle Mgsks. nagshvepcieneisptermplaies. sout 0.50 pm 2. The

process of claim1, eneln | h.+S ), .sald p i ption i

si mul t aneousl y trea?)({a% é\nﬁétﬁréssg%tdtcggprﬁ%nlse% an%@ﬁoﬁ{e@ﬁn%w%g@gﬁ éd_at (';boas?

t enper at ure ofexpogirerbsstortbChhkingbart IHYE. tbatrheat PERRESShéors | @ Maker
wherein in step c), said photoresist conposition is first treated with said

cati on &xchandievieepmentnd Tthee heating damperaiutesmpeyarange dron rahaudiRAFC $BC to
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15 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

20 and chemical resistance to etching solutions and other substances. The
post-development heat treatment can comprise the oven or hotplate 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

25 treated with a buffered, hydrofluoric acid base etching solution. The
photoresist compositions of the present invention are resistant to acid-base

etching solutions and provide effective protection for the unexposed

photoresist-coating areas of the substrate.

30 The following specific examples will provide detailed illustrations of the

methods of producing and utilizing compositions produced by the process of
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hours After'the heatlng mantle was removed, stirring was continued until

the temperature of the mixture was 30°C. The mixture was allowed to sit
overnight. The resulting photoresist was filtered into a pre-cleaned & metal

ion free 500 mli amber glass bottle, using a Zeta Plus® B0204-30CP

20 cartridge and a 0.2 pm (micrometer) Gelman® filter under compressed N,
pressure. The treated photoresist was then force aged for different times at

a temperature of 40°C. The number of particles 0.5 ym or larger and 0.3 ym

or larger was counted using an automated particle counter. The results are

shown in Table 1 below.
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Example 1 was repeated using 3% by weight of A-15 at 50°C for 4

5 hours. The resulting mixture was then filtered, as in Example 1, and was
forced aged as in Example 1, under conditions listed below in Table 2. The
LPC (liquid particles count) is also shown in Table 2.
Table 2
Example Process Forced Aging 0.5um 0.3pm
# Conditions | Particles /ml| Particles/ml
2 3% A-15, 50°C, 4 |Solution as is 44 404
hrs.; filtered
through 0.2 ym
filter
40°C, 1 day 86 565
40°C, 3 days 64 566
40°C, 7 days 53 796
10 Example 3

Samples of the photoresist from example 1, example 2, and
comparative example 4 were coated on a hexamethyldisilazane (HMDS)
primed silicon wafers to a 1.7 ym film thickness. Subsequently a soft bake at

110°C for 60 seconds on an SVG® 8100 I-line hot plate was used. The
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using a HITACHI® S-400 scanning electron microscope (SEM). A nominal
DTP (dose to print - the dose required to precisely replicate a given feature),
resolution, exposure latitude, and focus latitude were measured at the best
10 focus. The test results are shown in Table 3 below. All these three
photoresist samples were stored in a thermostat for 7 days (force aged) at
40°C and the photospeeds were measured again and compared with unaged
samples, to determine the stability in terms of photospeed. The results are

shown in Table 3 below.

15 Table 3
Samples | Resolution | Exposure| Focus | Dose to | Aging stability
from (um) Latitude | Latitude | print |(Photospeed %)
Example # % (um) | (Mjlcm?)
1 0.55 25 1.6 143 -1.0
2 0.55 23 1.6 163 -0.9
4 0.55 31 1.6 146 -10.6

The samples from example 1 and 2 were very stable in terms of particles,
additional particle generation and photospeed. The sample from
comparative example 4 was unstable in terms of particles, particle
generation and photospeed.

20

Comparative Example 4

Example 1 was repeated with 5% A-15 at room temperature for 6
hours and the mixture was filtered, as in Example 1, through a 0.1 pym filter.
The resulting photoresist was then forced aged, as in Example 1, under the

25 conditions listed below in Table 4. Under 'these condition, the number of



& S 109B& ()- & S 10%B& ()- bbbbbbbb"D*& S 109B& ()- & S 109B& ()- )?DhQ &
S 109B& ()- & S 109B& ()- & S 109B& ()- & S 109B& ()- bbbbbbbbh{&;@‘
10988 ()- & S 109B& ()- & S 109B& ()- )?DhQ && S 109B& ()- & S Bl @R ¢
S 109B& ()- bb ccc clce;*& S 10%?DhQ & S 109B& ()- & S 109B& () -

-15 -

particles was very high after 7 days forced aging. This example indicates

that heating of the photoresist is essential.

Table 4
Example Process |Forced Aging 0.5um 0.3 ym
Conditions | Particles/ml | Particles/ml
Comparative 4 |5% A-15, rm. |Solution as is 18 94
Temp. 6hrs.
and filtered

through 0.2 um

filter
40°C, 1 day 29 96
40°C, 3 days 101 421
40°C, 7 days 32,504 50,551
5 Comparative Example.5

AZ® 7518 photoresist (available from AZ Electronic Materials, Clariant

Corp.) was filtered through a Zeta Plus® B0204-30CP cartridge and a 0.2

pm Gelman® filter, under compressed N, pressure. The photoresist was

then forced aged, as in Example 1, under the conditions listed below in Table

10 5. Particles were then measured and the LPC results are also shown in
Table 5. This example shows that only filtration to remove those patrticles is

not good enough to make photoresist composition stable.

Table 5
Example Process Forced Aging; 0.5 pm 0.3 pym
Conditions | Particles/ml | Particles/ml
Comparative|Filtered through {Solution as is 45 246
5 0.2 um filter
40°C, 1 day 84 324
40°C, 3 days 407 157989

40°C, 7 days 4572 108652
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Comparative Example 6

AZ® 7518 photoresist (available from AZ Electronic Materials, Clariant

Corp.) was placed in a 4-neck round bottom flask, equipped with a heating

5 mantle, a thermometer, a thermowatch, a condenser and a mechanical
stirring rod & blade. The photoresist was then heated to 50°C and kept at

this temperature for 6 hours. After heating for 6 hours, heating mantle was
removed. Stirring was continued until the temperature of the mixture was

back to 30°C. The mixture was allowed to sit overnight. The resulting

10 photoresist was filtered into pre-cleaned & metal free 500 ml amber glass
bottle, through a Zeta Plus® B0204-30CP cartridge and a 0.2 um Gelman®

filter under compressed N, pressure. The treated photoresist was stored in a
thermostat for different times (force aged) at 40°C. The number of particles

was measured at both 0.5 ym and larger and at 0.3 pm using the automated

15 particle counter. The results are also shown in Table 6 below.
Table 6
Example Process Forced Aging 0.5 uym 0.3 pm
Conditions |Particles/ml| Particles/ml
Comparative|Heated for 6 Solution as is 1 236
6 hours at 50°C and
Filtered through
0.2 um
40°C, 1 day >100000 >100000
40°C, 3 days >100000 >100000

Comparative Example 7

A-15 ion exchange resin beads were washed with 5 bed volumes of

20 10% HCI solution. A large amount of DI water was used to rinse the A-15
beads reached until the conductivity of the rinse water no longer decreased.
Amberlyst® 21 (A-21) basic anion exchange resin beads were pre-cleaned

by rinsing with deionized, then with 10% ammonium hydroxide, and again
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10%$& ()-P C{im@iﬁoe(y&%&célhﬁ#\ whs 15 minutes. The resulting photoresist was filtered,
as in Example 1, into a pre-cleaned & metal free 500 ml amber glass bottle,
through a Zeta Plus® B0204-30CP cartridge and a 0.2 ym Gelman® filter
10 under compressed N, pressure. The photoresist was then forced aged, as in
Example 1, under the condition listed in Table 7, below. Particles were then

measured and the LPC results are also shown in Table 7.

Table 7
Example Process Forced Aging| 0.5um 0.3 ym
Conditions | Particles/ml | Particles/mli
Comparative|Filtered through [Solution as is 32 17,370
7 0.2 pm filter;
passed through
A-15 & A-21;
filtered through
0.2 um filter
40°C, 1 day 924 28,627
15 Comparative Example 8

AZ® 7518 photoresist (available from AZ Electronic Materials, Clariant

Corp.) and glacial acetic acid (1% of the weight of the photoresist) were

placed in a 4-neck round bottom flask, equipped with a heating mantie, a
thermometer, a thermowatch, a condenser and a mechanical stirring rod & a

20 blade. The photoresist was then heated to 50°C and kept at this
temperature for 6 hours. After 6 hours of heating, the heating mantle was

removed and the stirring was continued until the temperature of the mixture
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shown in Table 8 below.
Table 8

Example Process Forced Aging 0.5 pm 0.3 ym

Conditions | Particles/ml | Particles/ml

Comparative[Heated for 6 Solution as is >100000 >100000
8 hours at 50°C

with 1% glacial

acetic acid and
filtered through
0.2 pm filter

40°C, 1 day >100000 >100000
40°C, 3 days >100000 >100000

10

Comparative Example 9

Preparation of Photoresist

2000 ml of a 15% solution of PW-994 photosensitive compound

[diazo-2,1,5- and 2,1,4- diazonaphthoquinone sulfonate ester of tris-1,1,1-(4

15 hydroxypheny!) ethane] in PGMEA was prepared. The resulting solution was
first filtered through Whatman #4 filter paper and less than 1% of the
photosensitive compound (PAC) was lost. The solution was then filtered

through a 0.10 pm filter. Two 600 ml columns were prepared, one containing
Amberlyst® 15 acidic cation exchange resin which had been rinsed with

20 deionized water, a 10% sulfuric acid solution and again with deionized water.

The other column contained Amberlyst® 21 basic anion exchange resin was
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1.0/.0007.

absorbance rates were adjusted appropriately to the 11.0 centistokes target

The mixture was then well mixed, and the viscosity and

and bulk absorbance at 360 nanometers of 0.87 to produce a photoresist
15 composition. The photoresist composition was then treated by passing the

composition through the Amberlyst® 21 anion exchange column, heat

treating the photoresist for about 12 hours at 45°C, and then filtering the heat

treated composition through a 0.10 um filter. The photoresist composition

was then aged at 40°C for the time periods shown in Table 9 below. LPD
20 data is also shown in Table 9.

Table 9
LPC data for AZ® 7511 photoresist (available from AZ
Electronic Materials, Clariant Corp.) aged with PAC/PGMEA

solution with either no aging or aging for 3 days (0.3 micron particles/ml)

TIME* NEW NEW/AGED
0 6166 5731
1 8221 7404
4 105628 5148
7 8013 73786

25 TIME*

= Time, in days, the resist was held at 50°C
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an acidic cation exchange resin and heating the photoresist
composition to a temperature of from about 35°C to about
90°C; and
d) filtering the photoresist composition resulting from step c)
through a filter having a rating of from about 0.05 um to about

0.50 pm.

2. The process of claim 1, wherein in step c), said photoresist
composition is simultaneously treated with said cation exchange resin

and heated to a temperature of from about 35°C to about 90°C.

3. The process of claim 1, wherein in step c¢), said photoresist
composition is first treated with said cation exchange resin and then

heated to a temperature of from about 35°C to about 90°C.

4. The process of claim 1, wherein the temperature in step ¢) is from
about 40°C to 60°C.
5. The process of claim 1, wherein the temperature in step ¢) is from

about 40°C to about 50°C.
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9. The process of claims 1, 2, 3, 4, 5, 6, 7 or 8, wherein the photoresist
composition resulting from step a) is produced by:
i) providing a solution of a photosensitive compound in a suitable
solvent;
ii) treating the photosensitive compound solution resulting from
step i) with an acidic cation exchange resin;
iii}) treating the photosensitive compound solution resulting from
step ii) with a basic anion exchange resin;
iv) mixing a film forming resin with the photosensitive compound
solution resuiting from step iii), in a photoresist solvent, and

thereby providing a photoresist composition.

10. The process of claim 9, wherein the solvent in step i) is different from
the solvent in step iv) and wherein, prior to step iv), the solvent from
step i) is substantially removed from the photosensitive compound

solution resulting from step iii).



