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COVPCSI TI CONTAI NING A 2, 4- DI NI pRPrdso g HO-
BACKG?QJNE)WW NVENTI ON ~ 5 Phot or esi st corrposflhgonsdigr e
used in mcrolithography processes for -1- maki ng m ni aturi zed

el ectroni c conponents such as in the fabrication of conputer
chips and integrated circuits. Generally, in these processes, a thin

coating of film of a phot oresi st congosition is first applied to
a substrate material, sucwo IST ed for making
integrated circuits. Th ! Wb st hat s @ﬁ%ﬁ%@;}lo

evaporate any sol vent i mm%&g{ﬁ% ATOST fix the coating

onto - the substrate. The baked coated surface of the substrate is
next subjected to an | mage-wW se exposure to radiation.

Thi s radi at i GAGKAIN N MA’-:ml-!;m transformation in the exposed
areas pof the coatel%? face. si.b | ight., ultravi Ietaé

el ect rdn beam and Haptoresist °°59Ppé'§'°}‘%1cﬁt§n't's°gng‘r d9‘° By i ﬂceg?'ﬁegm

commonly usegy H'mhﬁ‘tuﬁ‘h&f akétrbiie ea.npb&ms such as in tHY BRI of ddnfutéd S
| mge-w se expos the coated substrate Is treated
devel oper soIohipscamdtmtegrateﬂ)bmmmsncﬁmrnﬂyenmheseepmcbases,ajﬂm contmgmf(ﬁimd or

t he unexposed ar eas, of t% coa@({i surface of the s %str
There are twd®f orgsistepmpRAsitands first Appls ﬁ°o?1§“bsrféﬁa‘f‘f"\7§'a'mﬁ? #yst 20
POSi Ui ve- VOr kifdrs 4884 For mlihg Yxﬂegagsh &&uﬂi‘oﬁ‘ﬁé eoated sﬁm?ﬁistﬂxgﬁ‘ﬁah

exposed I mage-w se to ation e areas of e resi st
conpoH) t i on evpporetk any $dieent in. the photormst ad)mpmsltﬁmc emb td dixsthe coatidgonto a

e L
soluble to Sqﬁllagé\ﬁ%é@b e td Pifia ofnr eat ment of an exposed negati ve-wor ki ng

resist 25 evel oper causes renoval of the non-exposed areas
of the phot or esi stThis radiation exposate caypsesd cheraical trahsformationainnthgadxposedi mage

In the coating. Theyeby upcoyeri - .. desired pqrtion of the 3
under | ying suiigas the sqatfcgsg’}la&ﬁ- Hisitls ighte ulsmq!?'e@&h&t electron beam and
conpops ti on Was,denfat bfidlgy are radiation types commonly used today in microlithographic

processes. After this image-wise exposure, the coated substrate is treated with a

developer solution to dissolve and remove either the radiation-exposed or the
unexposed areas of the coated surface of the substrate.

There are two types ef photoresist compositions, negative-working and

20 positive-working. When negative-working photoresist compositions are Iexposed

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 exposed negative-working resist

25 ‘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.
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On the other hand, when positive-working photoresist conmpositions are
exposed iwo®eneeose to radi ati on, those areas of the phot or CHUSOIUSEIESI t i ON
exposed to the radiation becone nore soluble to the devel oper sol ution

(e.g. a rearrangenent reactiop.occurs) while those areas not
exposed remain relatively 5 i nsol uble to the devel oper sol ution.
Thus, treatment of an exposed positive- wor ki ng photoresist with

t he devel oper cayses,. repoval of the exposed areas of t.he . coating
and the creati onltgq %‘ée ngefti‘ag@. Wﬁ}ﬁ‘bé’%ﬁﬁ"?‘ﬁ"e"r@ﬂgt%}"&ﬁﬁ%} E‘E}HP‘?%‘@?'_'SAﬁﬁi n, a
desired por iekpdked! inldpe-wisélab! adidio umﬂsewwﬁ%eph&o%ﬁpve%ﬁ@siﬁm

After this devel opnent operation, the now partially unprotected substrate

10 meypessdttocthe gadiatiom becan grore selublectonthe develppensolutiopl(agna gases

and the like, The . etchant,solution or plasm gases. et ch that
or t1 on of  FHRISBREE Seactign. PLSwhi those Hedl aft BERed Fepan Teptively
renpved dur @by ¢ QRERIRVelopdiCsalifia® OfhudshAreatiiéit’ 6 Bn exposed positer € t he
phot oresi st coating still remins are protected and, thus, an etched
pattern i s ovarkingghotoresist withtherdevelopertaansesirembvaliofdhe exposedareas of thee

phot omask 15 ., sed for the i e: W se_exposure of the radi ajion.
Cater ¢ he - RoRiE: M Ha: ek of & postBVe inlighdn JHE PBpEsst BT kst Spe
removed duridagirey Porlibit BE EH B ENyig Siibstraf@AHace  uncovered. cl ean etched

substrate surface. n sone instances, 1t is desir e to heat treat the
remai ni ng phot or eAftert thisadevelopmient pperation) ehe inopnpartialy eppratedtdaesubstratehe

etchj ng step, .fo increase.its adhesion to the underlyin
Subsld'ar o aniey betreated with d bt Eetahancpobision o plasnia gages apbthe Hike! The

Posi tive worgki : [ I £al r I r v
negative wor |Hr%gt rgggflgé Zo?‘b@g%nﬁé;?ﬂ ﬁe&? @?ﬁn%?ﬁ‘g’g%grgﬁa% ﬁ‘g\ﬁx ete)ﬂgl‘ré te
resol uti on photoresist coatipgiiab rémhevedadutingadevelopmentanThe areal of 2ltd substrhiecs.
Phot or-esi st resol ution i s . define the smal | est feature which

d & .
the resi st g%‘?ﬁS?é % IRJALQTEISt: FORHEE e‘tt’ﬁf ’feﬂ?ﬂ'tsh%"epmm pndysthus, an etghedi he |
substrate Wgaefy {i &&t@@@é e QibstrifRORa ﬂ%ﬂ'é&re@é&ﬂs o’ e PHofo .
devel opnent.” I'n many nmanufacturing applications today, resist resolution on
t he 15 used fordthe imhgé-wise exdpasurercf the cadiatioar cLater; ahs aeraining aveldi off on, it

I s al nost al way ) . desirable that ihe deyel oped photoresi st wall
brofi oa. be e PROtREFsist Soating Y b rre dluring ‘a STHOPIN Gperbiah desang o

demar cat | ONSdiR! ERA ABMFERERIGN MUV ALARGA, 136 RBsiablel (3ohelf treat the

resist coating translate rnto accurate pattern trans o)
onto the remaining photoresist layer, after the development step and before the etching step,

mage

to increase its adhesion to the underlying substrate and its resistance to etching
20 solutions.

Positive working photoresist compositions are currently favored over
negative working resists because the former generally have better resolution
capabilities and pattern transfer characteristics. Photoresist resolution is defined as
the smallest feature which the resist composition can transfer from the photomask

25 to the substrate with a high degree of image edge acuity after exposure and
development. In many manufacturing applications today, resist resolution on the
Qrder of less than one micron are necessary. In addition, it is almost always
Jesirable that the developed photoresist wall profiles be near vertical relative to the
substrate. Such demarcations between developed and undeveloped areas of the

30 resist coating translate into accurate pattern transfer of the mask image onto the
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substrate. yWhbgnk@gomes even nore critical as the push towar dperuserasis
m ni aturization reduces the critical dinensions on %e evi ces.

Positive-acting photoresists conprising vol ak resins and qui none-di azi de
conpounds as photoactive conpounds are well known in the art. Novol ak
resins 5 are typically produced by condensi ng formal dehyde and one
or nore nulti- : substituted phenols, in the presence of an acid
catal yst, sucsnbstratgxallhis kecomes even more critiffloasothet push towapd umidiaturization

general |y obt ai,n react,i ng nul ti hydroxyphenolic conpounds

wi th napht hoq&d g%e‘ggfﬁg‘fnxgmé%sﬁgs gp w%éqqél erivatives. : '
The photoresi st i spgfitipdactitig SRk | : : rhace 10
and/or applied to aeflgpograph‘?}%g‘l)kgﬁt?fcggghgﬁgag‘grgnﬁgﬁ\ﬁ%@'ﬁ%’\%@% ggri ng

t he compminds ias [phgtoactive compmmds afidwell knowheinahe arte Novolakr s t i ng

fromthe refl ected.ljght from thes efl ective substrate during
the exposure &fe ffﬁwcﬂ'ﬁg‘é"eﬂaw opdensing %°ma?d°§‘1"af’e\&“9t Ang, arj morg multine
problemis esg@giimtdd phenok. GnYhan €qi] . . bot h
hi ghly reflecti vé andpt opogr gphi Cgﬁe?&xg}éﬁh{i ﬁ%ﬁﬁ iighgl{]ai[ﬁgeﬂcgc?ss O?‘F%cmag' th a
surface 15  Photoadtivecdampoundy aredgenerdily cobtdihed by asadting multihod Remdlic Of
fidelity of a ern typically known as

repr oduct.ive 1esi st . . .. patt
reflective noﬁ%ﬁ%{j‘gamﬂw@ﬁﬁpﬂmnwwwﬂﬁ% pcids %éleqrrdenvatlves. | i newi dth of

t he i nmaged phot or egy,st h l3C. ss.aQf.:. ;1 h hot oresi st _over

the substrate changgg.p@%&%grtgssgﬁéﬁ E@eﬂr%Pi %’Rgi ‘S%ﬂ%f‘nr‘é’c ]tsggftﬁée r%’ﬁ%ﬁ?i on
of 10 arid/orcapplied toaa topographital surfacehsf P semicondirgon Hevibe daring the

phot oresi sts, .especially over 2 . hi ghly refl ective topographical

hotolithograph -

substrates. Photolithography processyifhe jpterferegre effect yesulting from the eafiested light been
suggest ed pr eghmu : | [ t [ IS
based on sat |ef§ @i %e\ég el:&kei?cgvei sr}%gtrr?tgnp G‘E% tCt g? ?éé‘,p 9&8/638 haeﬁ BQ? Clse e@“‘f‘“’"‘

conpat abi | i t ylinewtidtht vasiation; the lptablem ds espatialiy sevepn vheh ahe sulblstiareshugfacarisl t he
resi st casti gotlsm% vent, st rongtabsor ption at the exposure wavel ength used :

to i mage- 25 ghly reflective sad toprgraphicalisinceithelightirefients fomcswshfaisurface  at

0, R U0l o e i S e o L AP
per formance ppattenettgpicallyr kngiw tas Seeflectivev hotchingS@id alseNin Frge WakihtiSishd tn
acuity, and cLenpth gf f ocus. Tygi cal photoresists that do not contain dyes
exhi bi t ewidth,ofthe.imagod Phetosssish atiern as sheythickaessaof the photoresiss aver t i cal
features in T Sbped dinges, The' pleferbippeskigh 8 Brd o e Fediicion”or
linewidth variation during the processing of these photoresists, especially over

20 highly reflective topographical substrates.
The addition of dyes to photoresists has been suggested previously. The
- choice of dye in a photoresist is based on satisfying several important criteria, such
as, compatability with the novolak/diazonaphthoquinone chemical system and the
resist casting solvent, strong absorption at the exposure wavelength used to image-
25 wise expose the resist, high extinction coefficient at the exposing wavelength and
minimal impact on the lithographic performance of the photoresist. Some of these
lithographic performance parameters are photosensitivty, resolution, sidewall edge
acuity, and depth of focus. Typical photoresists that do not contain dyes exhibit
reflective notching and large variations in the critical dimensions as the film

30 thickness changes over topographical features in the substrate. As the circuitry on
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t he sem conduct or devi ce beconmes nore sophisticated, nore and nore

t opogr aghyo 98/06008 I's being introduced on the substrate acrusssdewd for
phot oresi sts that can reduce the large variations of |linew dth as
the photoresist filmthickness changes,gknown as linew dth sw ng
ratio, is becomng critical. Reduction, or nore preferably 5

elimnation, of this swing ratio provides a distinct process control

advant age choosi ng the preferred type of photoresist for use

en (
i n manuf ac}t,va'ﬁ enicndnEton dgwee pecomes more sophisticated, more apd more topograghye of
dyed phot or sy | ' b Sy : y i oned
above mist Bvcig filodae oh WAAALERING a0 1RE BECIr PhbGesits that can 1R
process conthelargeldariations of linewidth dshthegfhbturesistf filmhthickeiesst changexf kegea i n

phot oresi sts, .espegjally at,k hi | oading,., Jevels, and thejr inpact
on the it h%r‘%ﬁ?‘@‘ﬁé‘f‘?&r‘ﬁ%c OpYRE gF‘E%ql-stmmBe@ﬁ more preferablyo ot ed

in "lgnt er acty: - > . . I - i Qi wth
novolak- pol ShfihaRon KEis ltafioXiEviRes £ alsinch pobéss OfrGddyBhtagt ¥in
Cer ni gl i ar o chbosig thefPréteived typkOsFphopsresist foP Gselihtmant@ifuring eensicshdustor! or

exanple, 15 counmarjns, and_ curcum n, have sqQme negative inpact on the
per t or mance dgvicesscln the final choice.af died photeresist all the lbographi sheraseristics

resol ution, rﬁe?l?iﬁ?ﬁ %ll?og%fmgsglﬁietﬁﬁ il tgfq%geemerbeg performance W%%&ﬁm o0r

solubility, "Tnsu sorptron at the actinit wavel eng rnsurficient
reduction i proceks ésitesd. radi ation, or any conbination of these. One possible
way of sol ving some of these issues is to use mxtures of dyes,
as clGimed i n uS The effect of the addition of dypsia\photoresists,i aspeciallycat highleadiogt v of

manuf act uri n L . r e t yse of
ot ur e of ekyle wpdl SRt bagt ap 2he lishogBBRi AR FmaRcL"Sn BROEGHNE: hiFvekic.
probl ems. Thepdtted inf “Intexdction of BasehstablerandSase-inddluble’ nos-aetiniié idgad With

coumarin and 2, 4-dinjitro-1-naphthol, was necessitated by the need for the

dyed novolak, polymess and; ovelae r based cpesitiveniphotasesisis’| dry rGenrge Ecanni ng

exposure uni : ' | AlalcC ange.

exposu" e U0 ecigilog S, SPEE . Joss, BRI OBSNNG Y8k “TRER M R ik 9
al ongs woul d cofifhidfifis b chichfiin, Hiave SomeOndgafivediniftRh onste performance of tHet h an
I -line stepper. The current invention is directed to the use of

si gni fi cant |rgsist, resulting in eithegylosy f Tesalytion, dasspfedge gicuity,rlossiof depthiafl i n
 bhotor osi ot T8, BBOTFNIRG, Soctich! poration at e AN wiSBley Sopitifiens
exposi ng w tredwitioh-ih réfecddandiation, vrtang oinbinatich of tiese.2Oné possibie Way. of
solving some of these issues is to use mixtures of dyes, as claimed in US
20 5,225,312. However, the increased complexity of manufacturing and quality
assurance, does not make the use of mixtures of dyes the most preferred method of
solving these problems. The use of mixtures of dyes in US 5,225,312, specifically,
coumarin and 2,4-dinitro-1-naphthol, was necessitated by the need for the dyed
- photoresist to absorb the actinic radiation from a scanning exposure unit that emits
25  radiation over a broad spectral range. Further, US 5,225,312 does not recognize
that any of these dyes alone would reduce the linewidth swing ratio when used
with an I-line stepper. The current invention is directed to the use of significantly
lzrge quantities of a 2,4-dinitro-1-naphthol in photoresists, gréater than 0.5%, by
total weight of the photoresist composition, to reduce the linewidth swing ratio

30 when exposing with an I-line stepper that emits radiation at 365nm only.

e e
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g, o Sy Replaged . )
Conventi onal dyes sudhis Rgiyes or curcunin dyes hav %7
w del y uselvVQ $8/0680%| aky mmm ui none type photoresi st, q’homevelrn?lﬁey

cause severe ensitivity when used in positive

phot oresi sts. The dye of the cur¥ent invention, a.

2, 4-dinitro-1-napht hol dye, although it is a strongly absorbing 5

compound at i-line, its extinction coefficient at this exposure wavel ength
s relati ESh\Yen'tiBH\élC?HB%QH dsOcciniiein dydsi OF clsormin Wyes daveilden
Orange G dye and 2,72 ,4,4 -tetrahydroybenzophenone . This results

in a rel ati vewidely ugedin dgeolak/didzonpphthoquinone type photaresigtg heweverithey,eausent

i tion t hi ' .r.esi st filmab . d
Lo, ot her " convErEERg i Bioteengy Uy whtn hied ARG otoressts, The R GEINEG" ©
the current |gygoh iiﬁl%lnﬁ&ﬁta slashihitre- 1-AEphiBa dYe, alfiodigh\ieisya Sty AbsMihg | €S

of a 2,4- I'tro-"1-napht hol” dye i'n the photoresist,” greater than
0. 5% bg wei ghtompounide at édink, its extinction riosfficient i at this rzposure owavelength is
linewwdth swing ratjio is significantly.reduced wthqu an

expect ed | oss“g#““ﬁ clogy ﬁ@mpgﬁeéﬁag?@%ﬂ% Xf)sef'ﬁwegs gf’&?'hg"ﬁﬂ%ﬁ G dxe apd
associ at ed 441ty BbbbphaRAtbD ThifrediBif o réfh BYdfelohdMENT! ON
The positive %’r%o’t“t?r etgl S %%g'gpﬂ]on of ther pr eseﬁtr_i ril‘\,/ﬁ%n i}?ﬁ?or J
reduci ng the beingabéded fof tier pesentlinventiemial athievena dssiredsresist: film absprbange

phot or esi st _ filmthi ckness cghangges, 0 as |inew dfh.sw,n

rati o, where 8nheompared te other copventional 'H’(‘,‘Srffﬁ%i Fﬁ%ﬂ? Hﬂﬁ“F‘é%%ct?i’&V M)&aur e
of a filmforpin L esin, ' ; b aLsiities of a 2.4-
phot osl nsiti zglre, &br?éég? Jé%%‘f%ﬁh*g.%‘aﬁg‘?é’ﬂfﬂ%e?ﬁéﬂ?“"cﬂy gﬂ%@éh%ﬁmets roo-al- ’

napht hol and dinited-1amphthéhdyein the photonesist} greatef thantk:5%chypreight of themetaiod of

form ng a photoresist inmage on subst rat e using,the .pove ot qr esj st

conposi ti on Pphotoresist cempvﬂnen.itﬁ%iﬁwém swigg ralio'1s s:gmﬂﬁgxfllxl '@Eﬁ%ﬁﬁé@%ﬂ ON

OF THE PREFE : : | ' ; vi des
RRE%(%%O'YEW the other llxtcl)mrogrsapgg[c propétfie® bf B $hotBesist hs3Bcikted)

for alight-sg € positive pho conposition conpri sing

a filmform ngyithowKigh foaditig df.a dy. qui none- di azi de phot oacti ve
conpound, a solvent and a 2,4-dinitro-1-naphthol, at a |l evel greater 30

t han O0l%% by wei ght of total photoresist, preferably from 0.1%up to
SUMMARY OF INVENTION

The positive photoresist composition of the present invention is for

reducing the variation of critical linewidth dimensions resulting from photoresist
film thickness changes, known as linewidth swing ratio, where the photoresist
20 composition comprises an admixture of a film-forming novolak resin, a quinone
diazide photosensitizer, greater than about 0.5 weight percent of a 2,4-dinitro-1-
naphthol and a solvent. The current invention further comprises a method of
forming a photoresist image on a substrate using the novel photoresist composition
_of this invention.
- 25 '

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The present invention provides for a light-sensitive positive photoresist
* composition comprising a film-forming novolak resin, a quinone-diazide
photoactive compound, a solvent and a 2,4-dinitro-1-naphthol, at a level greater
30 than 0.5% by weight of total photoresist, preferably from about 0.1% up to about

T THIS SHEET HAS BEE.«j
" REPLACED
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1.0% " by weight. The'invention further provides for a process for coating

and WO 98/0660801 This Sheet Hiag: tive composition of thpeTASYRIRREION.
The production of fil |r ol ak resins or polyvinyl phenols, which
may be used for prep i itiyg.conpositions, are well known in
the art. 5 A procedure for the manufacture of novolak resins is
described in Chem stry and Application of Phenolic Resins, Knop
A. and Schei b ; Spr.Jjng Verl ag, .N..Y., ) 1979 in Chapter 4 which
i s incorpor alt%y\ﬁlé r"lé‘reﬁhtbyﬁ;%f‘yeéﬁg'é furthez proYides £951 REpcgss for coating andq

pol yvinyl p _(;g&wﬁ' ' Rofbad i sapd: 869, 292 and U. S. Pat.
"No. m@@&@@f‘g 4@?&@#&& %gyg@l rr’ég.r ein by reference.

Simlarly, the uskhegroductibh of film formings nowalik resinsi orqodyvimdplivholsphichv e
conpounds is well known to the skilled .. artisan, a denpnstrated by
Li ght Sensi trwebeswgefﬁﬁp@mg photosensitive ppmpgsitionsg aee well known in the art. 1965 -
in pter 7, ' ' ' Is . Thege
sensit | zer s Aufroghittor hémaR, 0 BPRGIRH B i€ delkribEd B CRERIe] 158

preferably Application ofsPheolit ResihsIKnaw Aaphd ISeheib) We Spansirt Varies N.¥hi ch are
conventi onal Ig)égused in the 15 t, in _positive photoresist :

f or mul at i ond 9788 [Chaptes;4 whichgs é%ﬁ?Ml’g{?é herein by refesencg, Paravinyl phenpls
le, i .  Pady 1FL0 Py S 30, 047,
R U A 17, R M

are not 4,439,516, iwiitledre incotporated herein by aeferbnee.t Similamly]ethByuse @FdrNsi ng .

phenol i ¢ conpounds such as, hydroxy  benzophenones, oligoneric
phenl s  andliazepaphthemungnes tasdphotoactive compeunds ks, avellxkpavam o the kskilled wi t h

noE ot A a5 0 Sl S o 2 s ey & Som,
the pef er r edN.ANPDIET I Chapterer.4,0whidh REdlES ikbrpoisted Mefei G%i'&‘éreﬁ@émq'ﬁéiei on,
the resin, the dye and the di azonapht hoqui none, preferably range from 15%

to sepyitizers wdich eamprisg e iromponent 10f, the prese dnventionm re perfenablyne. A -

nore 25 eg . resis fro . %10, . 90%
nd st sobstRbR R BIRR g SRR ird ESR oty B he o e
sol i g phot cireiw gokitive photoresist fEMGIATIMALL Sucmsmﬁiein@rd@hgiohﬁak irediRloskd,! he

di azonapht hoqui none woul d be from 10% to 50% and nost

preferably fiopexample,59.4.8. Patent Numberyy2,797,213, 3,106,408; 3,148,983 ha3@.647.d in

amount o ayeoL % SARERECs Ehr et UShTRAOhsBER bt vu

conmposi ti on [imited to, the sulfonic acid esters made by condensing phenolic compounds such

as hydroxy benzophenones, oligomeric phenols and multisubstituted-
20 multihydroxyphenyl alkanes with naphthoquinone-(1,2)-diazide-5-sulfonyl chloride
or naphtho-quinone-(1,2)-diazide-4-sulfonyl chlorides.

In the preferred embodiment, the solid parts of the photoresist composition,
the resin, the dye and the diazonaphthoquinone, preferably range from 15% to
about 99% resin with from about 1% to about 85% diazonaphthoquinone. A more

25 preferred range of resin would be from about 50% to abouf 80% and most
preferably from about 65% to about 85% by weight of the solids photoresist
components. A more preferred range of the diazonaphthoquinone would be from
aii:out 10% to about 50% and most preferably from about 15% to about 35%, by
weight of the solid in the photoresist. In accordance with the present invention the

30 amount of dye, 2,4-dinitro-1-naphthol, added to the light-sensitive composition

THIS SHEET HAS BEEN | . - .
REPLACED .
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ranges from 0.5%tq . . % radeqor ef erably from 0.5%

1. 0% by wei Wt9860880¢ gﬁ“siiﬁet' B nuf act ur | ng the photor es%s 1US97/13616
conposition, the mﬂ “—“\ n

t he sol vent, such that K

he di azonapht hoqui none are m xed with
ol vedt- mi xture is present in an amount

of from 40%to 90% by 5 wei ght of the overall photoresist
conposition. A nore prefered range is from 60%t o 83%
and nost pr ef gaqdk ¥rdm abbut 0.$%%otdout 1.5%,Qfifditeferably from aboet 0{5% ab abbut
overal | photoresist conposition. . Addi tives such, as

col orants, nori—.%tbyrﬂveiggye%mtaimlﬂs tInjmanufzeturing the photoresist compgsition; thezer s,

dhesi ters, .cgating aigs, d_enh d surfact 10
be added {otIfEA o WendisponpibhadBies e drreds e M ok Il e
sol vent solvent® ikt %EB%E&ttiﬁeans RnBLAOSE Font BRI Fodul bTU% Hye-

Sui t abl e sol vent's otoresists may include propylene glycol mono-
al kyl €S her, pweight efithegoverall photopésist ccompositiony| A merecprefered sange ist fipm 3-

ccorat o 2. 1boun S8 ecout B4% S ARmBRTa Boot bbb ot By Moty

and m xtures t\gﬁéﬁogfthe verall photoresist compéstidH. epar ed phot or esi st conposi ti on
sol ution, can be“appli eg to g substrate by any conventi onal

met hod used in.the Additivesssuel as tcoloranispdionsactinic dyes, adtistriatipn sagestsj ng,
whirling and spin coating., Wien spin coating, for, e

X ﬁa | e, the
resi st sol uti dHagigirerseadligsion PEIMALers, CPOULEAS S, Speedifn E%ﬁ'ﬂda?b‘éfaﬁt_la“%sdmyds
conteni 11 2Ge pdded tr?gfl%g%lﬁtfbnoBP\‘és‘ﬂgq&ﬁﬁf&eﬂg 201-gihfifo-14RpHGE) b SRS

gi ven type o ut pment Utilized ahd the anount of
tine allowed, systenibeforeithesolmiorpiscoated onto a substrate. Sui t abl e substrates

oot Si Tl con i oui Sutas Saeans R suchghotomsis may indut Bropyigne gbiep] mgo-
oo oup 1 113l sttt PO PRitbol el G, ety eutf °SEAR, ABhyRaer

coat i ngs pr odugtRekypopibsateestdne) diglynie) et mcetatec ethyl lactate, bptyl tacetatenr 2y
suitable for application to alum nunfal um num oxi de cqQated wafe[s,
such adSare utheptanene, ethylene glyesd monpethybether acetats apd suxiueestherest her

AL EE b, R R b M WA Y
various pol ynegjbgtriteSoy, angSesiietional thethedausedtin the photoresist art, including
dipping, spraying, whirling and spin coating. When spin coating, for example, the
resist solution can be adjusted with respect to the percentage of solids content, in
20 order to provide coating of the desired thickness, given the type of spinning
' equipment utilized and the amount of time allowed for the spinning process.
Suitable substrates include silicon, aluminum, polymeric resins, silicon dioxide,
doped silicon dioxide, silicon nitride, tantalum, copper, polysilicon, ceramics,
_aluminum/copper mixtures; gallium arsenide and other such Group III/V
- 25 _compounds.
The photoresist coatings produced by the described procedure are
particularly suitable for application to aluminum/aluminum oxide coated wafers,
" such as are utilized in the production of microprocessors and other miniaturized
integrated circuit components. A silicon/silicon dioxide wafer can also be used.

30 The substrate may also comprise various polymeric resins, especially transparent
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pol ymers such as poThieSies e strate may have an adhesi on pronoted
ﬂ sition, such as one cont BCTWISY?/13616

| ayer WO 98/06008f a
hexa- al kyl d|5|lazan The phot oresi st conposition

solution is then coat ed onto t he subst Lgt.e, and the substrate is
treated at a tenperature from 70[err]Cto 110[err]C for fromsS
30 seconds to 180 seconds on a hot plate or for from 15 1to

90 m nutes-in convectio e erature treatnment is selected in
order to red’&!,yémi’ﬁgu ’?‘Fc%%ﬁsg? PE?%?F%WQ 2% PLAgesion Rrpmo ¥lesi st ,
whil e not  of a suitable EGMpOSicH) faﬁérm drid cdntﬁth?hefkeﬂk?l@ﬁxla%e‘)f the

phot osensitizer. In general, one esires to mnimze the .
concentration of Ehe @mmwpnsmmusobmonesrﬁm@medomme substrate.candment i s
conducted u

[l | d d
T Coat: ndhe putsta S Bentea ol s tomofarin Fogn b 0G5 St IR BAm
(mcrpneter) 0 it 30 seconﬁlk '10%%&&‘@9@%&611@%&1%!199?&@0? Wﬁg@t ﬁmu} gstatg

preferred e | ment e tenperature from [err
95[err]C Thbout 0 mimutes insa cmmbnnmedvemt'l‘hnsttemperanne treatment is selectahimnge of

sol vent renobv bec s.relativel, i fi ant E enpey at UL and 15
e Sl ot IASHET IO TS th cpRieniTAtion PE el solisats in 1be ahaiorsisbyhle Botuses
as well as sm% subst%ﬁtﬂ? tﬁﬁﬂkpﬂﬁﬁkdﬁﬁﬁdgggﬁ ﬁ% nSitigty, ylg‘”g[%hér%f’ &fating

times. The coatl strate exposed t o actinic

radi ation, dalesires md»tmmnnabeoheremhcantmtmn af solventsclandiothis first temperatugf from
300 nm (nanorret ers) el ectron beam i on

beand®r | as éeeaitramtaﬁ r-'awiuctqql %@5’ sa@wiéw glipf thersolysatshay emgoremé apd a
sui tabl e magys, o%gng o}fI ghoto %'iltcb ésng%, lJe dor{i&egp&?et i {ihicrometer

The photore5|st n optlona pos exp sure second

baki ng or hdﬂthnbkmi rremhmelohhbe sibsiratec Inra ﬂbfeﬁredcbawadﬁmnhe teniBbmbfeatl ng
t enper-at ures rr]C nor

preferably fi$ %‘“ about 1 85°C to about Qg%oﬂa‘f"rﬁ%"f‘ﬁf“ 1s @E@[‘&?‘* petil q‘ﬁé’a??e%ﬁ i ng
may be condyghg nge Bf)&ggérﬁ %mogal%cgtﬁes reé%we@eﬁ&%ﬁciﬂseconﬁe riPefithfeSand 0" €

preferably fro secon on a han[ pl ate

or B9 to (tiniéselectiohalepbndsarthe photovesist properties desired by the user, a§hwelleagoosed
phot oresi st-coat ed substrates are devel oped to, renove

i mage-wi se dhpsgwpmentased 39d commescially dasired BW@BG’(W%Q 'Blﬂ‘iﬂapﬁ&s‘éhs"é@/el oped
b h f
a)g;i tated, for gx%'fr% Q&%‘g&d’g@’iﬁuﬂaﬂﬁﬁ&ﬁ %e Urs rQ&a 'g}'%ﬁ #gmﬂgth

substrates asfeframl aboat 300 nire(Minometers)te about K5O aim, x—ray, electron beam, ion

beam or laser radiation, in any desired pattern, produced by use of suitable masks,

20 negatives, stencils, templates, etc.

The photoresist is then optionally subjected to a post exposure second
baking or heat treatment either before or afier development. The heating
temperatures may range from about 90°C to about 120°C, more preferably from
atlout 100°C to about 110°C. The heating may be conducted for from about 30

25 seconds to about 2 minutes, more preferably from about 60 seconds to about 90
seconds on a hot plate or about 30 to about 45 minutes by convection oven.

The exposed photoresist-coated substrates are developed to remove the
ir?xage-wise exposed areas by immersion in a developing solution or developed by
spray development process. The solution is preferably agitated, for example, by

30 nitrogen burst agitation. The substrates are allowed to remain in the developer

L REPLACED BEm]’
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until all, o0 oopdpggantially all, of the photoresist coating haergésmasééed
fromthe exposed areas. Devel opers include aqueous sol utions of
ammoni um or al kali netal hydro_xégles. One preferred hydroxide is
t et ramet hyl amoni um hydroxi de. After renoval of the coated

waf ers fromthe devel opi ng sol ution, one may conduct an 5 opt i onal

post - devel opnent heat treatnment or bake to increase the cpati;?' S
adhesi on and uitdralk air substaptiallycell,t of thecphotgresist goatings ham dissolved fepmydheinces.

of the coati ngBRREH aress. BEVEORery EEfd aieats iRl SOHRPRRG doyRifPeal "
poi nt. I n ingyfbkided. OREIpréfefre®Rgdroxide is tetrameliiyl ahimbriith )hydfoxidee After

manuf acture of” microcircuitry units on silicon/silicon dioxide- 10

t ype subst r at smoviahef thevedatgd-wafenh Fomathesdevelpping sohuione ¢neindy congdutt an ed,
hydr of Luori ¢ acid base ﬁtc i n so*)ution. The p 0 or?si.st conppsi ti ansg_ of
the 3 opfienel fost-AGVRIRRMERTIL oPeat - Westmeat, 0 t%aﬁ‘&_ c Fol- BGEsase, the, Gagting's
sol utions andydeRibh 4 kel Ylistance to etchinyl Qiifdnis Hhd' Sther SibstifiEes OTfe

phot oresi st-coat1 ng areas e substrate. he foll ow ng
speci fi ¢ exanpbstalevelopmpntcheat treatateat tadcomprisettheovembakirg ofitheldpating and
met hods of producing.,and utilizibg,conpositions of the present invention.
These Subsiats ey oihe SGRTER QTSNS hBAEY or Inf Ui BppIERGERS, o1
the scope of ' i IR crIdH e o8k strued
as providing E%ﬁgtld'?fligﬁﬁs,m@pénrag%?ges o(f)'r cre cMﬁ'Y val ues mﬁ%ﬁ&ﬁnﬁ@i{oﬁ@% :
utilized excl ygpevehbstratesortherddvelopedicsubstrates engy dree nteatedv awith an .buffered,
Unl ess otherw se specified, all parts and perrce%% are by weight. 20
EXAVPLE 1 hydrofluoric acid basgcetchipgsplutionp|Tbe Rhoteresiste sampasitigns, afithe,

vari ous anoun . : : s 9 b @lentiniihi WIRY .

ohot or es. ot DSt INBEER el resstan to peid HARTRERDE sob ibhd P BRvde! Biectve

Cor por ati on, prbtehivndoetheainekisosed photobdsist-soating aréasfithé substhate, Sonervil | e,
NJ 25 08876). T tit f h d [ I gat] i
determined so that )Tthﬁégﬁogil:’gnsl’lem ?%S‘%‘Ceéﬂiﬁ? P‘H’L %r%ésghh%tkgg tie
[err] me(m cro i . e

| oadi nrilg for eg@%ﬂ%g{#ﬁ@@hﬁ %@nﬂﬂlﬁ@%&@?ﬁﬁ °€éﬁ’%&{°‘ nr% ] ﬁoln'on ege a
2,4 dinitro- ledppledare rfopiaenddd, howevdr] @limit oy pestfitt the Iscope SEMMS iifiveritionly es

such as 2, . 2',4, 4 tet r_ahydroxa/benzoph,enone and Sudan Orange G
described in imanyayrand,shogld not be copsisued asarovidings eanditionsaparamsters or

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

Unless otherwise spebiﬁed, all parts and percents are by weight.
20
EXAMPLE 1

Dyed resist samples were prepared by adding various amounts of dye to a
commercial i-line positive photoresist AZ® 7700 (available from Hoechst Celanese
Corporation, AZ Photoresist Products Division, 70 Meister Ave, Somerville, NJ
- 25 \*08876). The quantity of each dye under investigation was determined so that the
final resist film absorbance fof a 1 um (micrometer) film at 365 nm was the same
and the dye loading for each resist is given in the Table 1 below. In addition to a
* 2,4 dinitro-1-naphthol (present invention), typical i-line sensitive dyes such as 2,
2’,4, 4’ tetrahydroxybenzophenone and Sudan Orange G described in the prior art

30 were included for comparison.
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For WV (ultraviolet) filmabsorbance neasurenent, each resist sanple was
spi n coafWQ9%P6088 4" quartz wafer then soft baked (SB) on aP&d(US9MA3616 ot
90[err]C for 60 seconds to a filmthickness of 1 [err]m
(mcroneter). The resist filmthicknesdOwas measured with a
NanoSpec[err] AFT thickness neasurenent tool. The W 5 absor bance of
each resist at 365 nmwas neasured with a Perkin El mer Landa[err]

4 W-VI S spectr opgi gy 1@1)tﬁ|ﬁ%s&%§ﬁéezme§su}éiﬁer&ﬁéa%h%ﬁﬁ-m le was

For the CD swing or linewmdth"swng rati o neasurenent, eac regls sanpl e

was spin cospirdosted oa\ees auaitz whferrthenrsoficiaked (SB) og achdi\ffaterad @0°Cdoi er . The
coated wafers were soft baked on a hot plate at 90[err]C for 60 seconds to °

achi eve 10 60 seconds to afilmnthicknessofds um (micrometer). cThe resishfilm thicknessvas Resi st

filmthickness. wa asuned .t.h @ NanoSpec AFT fhigkne

measur enpnt#\’ﬁ%ﬁ"‘fds'lvﬁgh C%ﬁaélgsmr%mckness me“_s“'%&?ﬂb_sté’ﬂi'onﬁg‘cN%[ err]
0. 545NA i - | jB\RrbunBPBE eatt felistPat V6K TRR Fa mehsired mthqrperrﬂwmhgr@ Lamnda® whi ch
cont ai ned various sizes of lines and spaces (L/S) pattern from2 to 0.2

[err]m 4 UV-VISspectoomadter using a\bladk guarfzoas thé eefeseace.e array was printed on
the wafer and thgn 15 . st exposure haked (PEB) on . a hot plate at
110[err] C for. 60%%&’8@?""%9& swing ratio meaé&é{F’é‘F t, eachsresis ? were
spray- puddl I | 89 : | f )

devel oper fglragi %ﬁggggﬁ(?\g g%@%eﬁ%h@aﬁ%srﬂsm n‘%%&'g(&‘sfﬁlr‘gi&%%g‘ The :

required tocsfted MRS viehe séft baked 68 & Hotiplate ABHOTC Yort 60 Seduitids 86 Nachievé he best
st epper focus was reported as the dose-to-print (DTP). At the

DTP10t he 0. floh thicknesoaF 0.74-1.14 pm (ericometars) Resise flmi thickriesowas measred | Cal
di nension (CD), each S measur with an i.n-1ine
o den vobis BrafSrca Ar tifidess,mepsuceme Goot. The Eoated BrtFte e on

scanni ng el W A Fnﬁﬁﬁ r . .
waf er was p c{sggogg a un?te?%ﬁ%lrﬂég?tsegg Imt |0En§g?es§\ﬁg‘lgﬁtf§%‘fl%lal
curve was which containdil wirivas sizee bf lihdscandi spheesc(lies) pdttérdronD2rteak2nesl at t he

adj acent maxi rum (at _the_ 25 resi st thickness of ca. 1.02 [err]m
(i cronet er emcr%ﬁemﬂMé@laﬁocvﬂ@f%srﬁsqﬂw&msd on the wafer angithes, 1. 08

o1 (AR SGA ol B bRl e B, AP RROM P D

eval uati on, waf&h thes ippdduted wera! itayspidile® debélopet with 2.38% TMARIMIF8[err]m
on a wafer with 0.75 [err]m hligh alum num | i nes and spaces pattern. The
_(metal ion free) developer for 70 seconds at 23°C. The minimum exposure dose

required to reproduce the 0.4 um (micrometers) line pattern at the best stepper
focus was reported as the dose-to-print (DTP). At the DTP, the 0.4 pum
20 (micrometers) linewidth, known as critical dimension (CD), of each wafer was
measured with an in-line linewidth measurement tool on a HITACHI® S-4000
field emission scanning electron microscope (SEM). The CD measurement of each
wafer was plotted as a function of resist film thickness. A sinusoidal curve was
obtained where the difference of the CD measured at the adjécent maximum (at the
25 resist thickness of ca.1.02 pm (micrometers)) and minimum (at the resist thickness
of ca. 1.08 um (micrometers)) of the sinusoidal curve was reported as the CD
swing of each dyed resist.
For reflective notching evaluation, each resist was coated with a thickness

of 0.8um on a wafer with 0.75 pm high aluminum lines and spaces pattern. The



WO 98/ 06008

PCT/ US97/ 13616 - 11 -
process cogidsl for wafer imaging was the sanme as the onepgeamot/PRls
above. e resist linewdth variation over the alum num steps was
measured on a HI TACHI - S4000 SEI\/hamd reported as the resist

refl ective notching. 5 Tabl e 1.

Summary ofthe direct |ithographic conparison of the three dyes tested
Dye Extinction I%/_e' Film - DTP
Reflectiv  process conditions forguafer imaging wasthe same A5§b¢ 1988 c@scnhpﬂcab[oypr]

5 ?glr:]CE:i)ﬁ?r ol Tlﬁof?,sf‘ﬁt lg\ew:dth Vaﬂa‘ﬂf’?]g‘?&cg mPléxrmmWs Ostx{ﬁs " Hea@rét? " 240

0 HIMYSCHI®-S4000 SEM ahd régp&éﬂ&s the resistOrefléctive no@c}ﬁ?g. 290
22. 6% None B2 , 567 -~ 0.97 0.53 300
30% None 21, 235. 0.44 0.534 290

24. 5% None 1. Dye A ,b2' , 4,4 tetrahydroxybenzophenone
2. Dye58 2, 4-di ni tro- 1- napht hol : . Dye C Sudan Orange G 10

m = millijoules gy of the direct litho Sc N of fiie'thted efted that dye
B, the present |nven | al Nos C e |l oadi ng

of the two pDyer  Enteniono|Dye - | [y ss (GEEEA @D@wing | Reflectivd] not
suffer fronjseverp | oss, of |phojosgnsitivity |as vvoyld be expected for al 15
heavily dyefl resi 59-.9239@13 ffm | rpH{em, m not&hi ng

control and @ e topdl}y; t CD swi@gf [ .
EXAMPLE 2 365 i Wr ;P‘s@—ﬁrm%snﬁ l{fes - wer g Pre rlb Y

vari ous anoliNose Of CdiieolB agq 020 - well a4ye qao a conmmefvegl 1-]ine
posi tive ph ht or esi st AZledr]l 7700 resi st lavm | abl from

Hoechst Cel hASse Jﬁﬁ@af i cﬁiQi\ZJk_k&?i:& esi st ZQOPducftZ:Z G%\H si onj None
given in B TO0RL Tanl|OF bol B each 1o, dalbe was: S oat b 1o
a thickness[@® T PZg285T 71044 | 0.534 290 24.5% None
1. Dye A: 2, 2’ 4,4’ tetrahydroxybenzophenone
2. Dye B: 2,4-dinitro-1-naphthol
3. Dye C: Sudan Orange G
10 mJ = millijoules

It is clearly seen in Table 1 that dyé B, the present invention, although with

almost twice the loading of the two other conventional i-line dyes (dyes A and C)

did not suffer from severe loss of photosensitivity as would be expected for a

15 heavily dyed resist. Dye B also offers excellent reflective notching control and,
unexpectedly, the best CD swing reduction. |

EX LE 2
Dyed resist samples were prepared by adding various amounts of dye B as
20 well as dye C to a commercial i-line positive photoresist, AZ® 7700 resist,
:“(available from Hoechst Celanese Corporation, AZ Photoresist Products Division,
70 Meister Ave, Somerville, NJ 08876). The dye loading of each resist is given in
the Table 2 below. Each resist sample was spin coated to a thickness of 1.073 um



-12 - (mcroneters) and i mage-w se exposed using the sane

process conditions described in the Exanple 1. The DTP and CD
SW ng reduction were determ ned by the sane nethod as descri bed
in Exanple 1. Table 2 lists the I|thograph|c per for mance of each
of the dywdesmsosts. 5. 12 - Tabl e 2 Effect opcanssobesgigng on
resist |ithographic performnce Resi st Dye DTP

Resol uti on Exposure DOF CD Swi ng

| oading Ml/cnferr] ([err]m | at it ude O.4[err]m Reduction W. %
O.4[err]mL/S Contr ol AZ7700 O 240
0.34 25% 1.0 0 Resi st (Control)
Alerr] 0. 485 290 0.34 22. 4% 0.8 15%

Blerr] 0.679 290 0. 34 22. 4% 0.8 28%

Cerr] 0.97 300 YOFFURNISHEDIUPON FILING). 6 32%

Derr] 1. 067 330 0. 36 16. 7% 0.4 42%

E[err] 0.44 290 0.34 26. 7% 0.8 24. 5%

Flrerr] 0. 645 390 0.36[err] 24. 3% 0.4 50%
1. Resist AB,CD contain 2,4-dinitro-1-naphthol 2. Resist E & F
contain Sudan Orange G 3. mcrogrooving observed 10 DOF =
Dept h of- Focus, expressed in mcrons ([err]m As can be

seen in Table 2, at a dye |loading of greater than 0.5 wei ght %
2,4-dinitro-1-naphthol, the present invention, gives the desired CD sw ng

reduction wi.t hout significant degradation in resist perfornmance.
The i nmprovenent of CD 15 SW ng reduction increases as the dye | oading
i ncreases until the dye | oading exceeds 0.97 weight % of resist

(about 1%, where degradati on of resist

This: Sheet Has Been Reﬁlaced
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perfornmance starts to beconme significant. On the contrary, photoresist
cont-ai,ni ng WO 98/ 06008

PCT/ US97/ 1@@%,‘,

Sudan or ange ye at levels greater than 0.5% exhi bited severe sg?slg%
resi st perfor mance, specifi calll y in photosensitivity,
resolution, presence of m cr ogr oovi ng, and DOF. Even though the
CD swing is inproved at Sudan orange G levels greater than 0.5%

t he photoresist is not useable. WO 98/ 06008
PCT/ US97/ 1368udan orange G dye at levels greater than 0.5% exhibited seyere loss of resists:

1. A posi or npgsi edy .| | new dth sw ng
ratio, Mm ngé’an g r?rléc')%ﬁ gre%of tplhgébsfgr?ﬁvb rfés‘ﬂ T ak PFEERE a?r}

qui none di azmaogrod@mgt, QadDOF! ZBVen m&ghemet(tpnsvﬂné vueirﬂ vE&ra‘EGSHdaﬁf the
total photoresist conposition of a 2,4-dinitro-1-napht and a

phot or esi st orAnge G levels greater than 0:5%, thaphotoresistis oot useabls 1 furt her
conprising one or nore phot or esi st sol vents.



3. ‘The phot oresi st conposition according to claim1l wherein the organic
solvent is selected froma group consisting of propylene glycol nono-al kyl

et her, propyl ene glycol nethyl ether acetate, 2-heptanone butyl acetate,
amyl aceVW88/06008 ct hy| - 3- et hoxypr opi onate, ethyl |actate, é’FH'W%’Hé“Qﬁycol
nonoet hyl et her acetate, ethyl lactate, and mxt-mges——’fﬁefee#——*

The conposition of claim1l wherein thel‘bhot osenti zer, é)r ) nt

anount of from lto 35 wei ght percent and’r ¢ Pn S
present in an anmount from .65 to 95 wei ght perc he non-
sol vent corggoamyiss of the photoresist conposition.

conposition of claim1 wherein the anount of 2,4-di n|tro 1 napht hoI
t he phot oresi st corrp05|t|on ranges from 0.5 weight percent to
wei ght percent t he, | ot t of the photoresist, copposition. 6.
The conposi'tion ‘%fp‘b‘lt%YF t?‘i??‘?%&?m%%‘?'? P‘Hg'edﬁgﬂgrh"ﬁm h sving ﬁ%

sel ected fr g il | f. I @é\ot n‘?"ﬁgﬁp
anti-stri atc‘?’(li)ﬂ fog agxg;#tas féa?tflillgﬁzl@rt?ﬁmn hesi oahk psg{lr?hfe S, spee enhancers

and ai r f actphotasensitizer, greﬂeﬂﬂ'laﬁ&bﬁﬂt 0.5 weight percent of a 2,4-dinitro-1 -naphthol

PCT/ US97/ 13ané 15- The
phot or esi st @rﬂ!@é‘?’ﬁ?‘&f‘%’&ﬂbrdl ng to claim1 wherein t he qui none-

di azi de photosensitizer is a reaction product of a di azonapht hoqui none
sul fonyl resi due and a phenolic residue. 8. The phot or esi st
conposi t i org,accdThé sempesitidraofnclaimhi figrtirer t dotnpoisingodnecor more phdtstesist

sel ected froma group consisting of nultihydroxybenzophenones,

mul ti hydromﬁyl al kanes, phenolic oligoners, and m xtures thereof.

3. The photoresist composition according to claim 1 wherein the organic
solvent is selected from a group consisting of propylene' glycol mono-alkyl ether,
propylene glycol methyl ether acetate, 2-heptanone, butyl acetate, amyl acetate,
ethyl-3-ethoxypropionate, ethyl lactate, ethylene glycol monoethy! ether acetate,
ethyl lactate, and mixtures thereof. '

4. The composition of claim 1 wherein the photosentizer is present in an
amount of from about 1 to about 35 weight percént and the novolak resin is
present in an amount from about 65 to about 95 weight percent, based on the non-

solvent components of the photoresist composition.

5. The composition of claim 1 wherein the amount of 2,4-dinitro-1-naphthol
in the photoresist composition ranges from about 0.5 weight percent to about 1.5

weight percent of the total weight of the photoresist composition.

6. The composition of claim 1 further comprising one or more additives
selected from the group consisting of colorants, leveling agents, anti-striation

a§ents, plasticizers, adhesion promoters, speed enhancers and surfactants.

N
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9. The photoresist conpasition_.according to claim 7 wherein the
napht hoqui none sul fonyl residue is selected froma group consisting of

2,1, 4- di azonapht ot HasBesnReplaeed| | 2 1, 5- di azonapht hoqQui
sul fonyl , VBQ 9B/Pe008, WiMIWl MI““ The phot or esi s&%%@ﬁ*on
oI ak

according to claim1l resin is an acid catal ysed

condensati on product of an al dehyde and 5ne or nore subsituted phenolic
NONONEr s. A nmet hod for producing a photoresist inmage on a '
substrate, whi ch conpri ses: a) coating a substrate with a

posi tive phop.oresThé phovopesist tdompobition racdordingoto claim 1 wheteimehé ghinofisv ng
rati o, which photoreS| st conprises an adnixture of a film

form ng novoliagide photesensitizer i a deartion; RIEdustoloa dirzopaphthoquinang: stfopylan
about 0.5 wej 4 di ni tro-1-napht hol and a sol vent; b)
heat treati rfﬁ%ﬂ%gﬁ)iﬁi@%‘o&ﬁ%ﬁ Rte until substantiall y all of said solvent
conposi tion is renmpved; | mgew se exposing the coated photoresi st

conposition to actinic radi at | on; d) removi ng the imagew se exposed
areas of sau&i coalhel photoresist somposition according: tagleim 7 avhergin ithe, phenalicoper :

?ggmw ng st e’ES'SB 19”@1%%3‘?%%0:8%558 éo%gﬁ{xng S %utltrﬂ%(drg)%gg Re oafeger the

PCT/ US97/ 136ehiitih {droxyphenylalkanes , phenolic oligomers, and mixtures thereb8- 12. The
met hod of claim1l further conprising heating said coated substrate from
a tenperature of from 90[err]Cto 150[err]C for from 30 seconds

to 180 secon ate or.. 40.m

E
in an oven a'terdﬁ\ Bﬁ‘bt(?ﬁﬂs ?‘@Boﬂﬁ?“ b??ﬁ?{éﬂg rTé%é@éT‘ & ngheseln,. the ©°

naphthoquinone sulfonyl residue is selected from a group consisting of 2,1,4-
diazonaphthoquinone sulfonyl, 2,1,5- diazonaphthoquinone sulfonyl, or mixtures
thereof.

10.  The photoresist composition according to claim 1 wherein the novolak
resin is an acid catalysed condensation product of an aldehyde and one or more

substituted phenolic monomers.

11. A method for producing a photoresist image on a substrate, which
comprises: ' '

a) coating a substrate with a positive photoresist composition for reducing
linewidth swing ratio, which photoresist comprises an admixture of a film-
formihg novolak resin, a quinone diazide photosensitizer, greater than
about 0.5 weight percent of a 2,4-dinitro-1-naphthol and a solvent;

b) heat treating the coated substrate until substantially all of said solvent
composition is removed, |

) imagewise exposing the coated photoresist composition to actinic radiation;

d) removing the imagewise exposed areas of said coated photoresist

composition with a developer;, and

e) optionally, heating the substrate either before or after the removing step.
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13. -The nmethod of claim 11 further conprising heating said coated

substrate at a“tenperature—of-from 90[err]Cto 150[err] C for
30 second to 180rh§s%go s.on a hot plate or for from 15 minutes to
40. m nut WO 98706008 edlevel opi ng step. 18CTUsFIBenet hod
of claim 11l wherein 8 @I." conprises-one or nore conponent s
sel ected fromthe gr of.gglicon, alum num pol yneric

resins, silicon dioxide, doped silicon dioxide, silicon nitride, tantalum

copper, pol ysilicon, ceramcs, alum num copper m xtures, gallium
arseni de a G I I L/ .The thod of claim 11
wher ei n thg&e gé’f"".l,“ nﬁﬁgﬂq@& Wsmg “heating sai "é{atqdaﬂ’lbzﬂ’f“&n havi ng

a wavel engtﬁbxﬂfater%séaﬁ%o f from abut 50°EYS 4Bk PSO°E fof fidhi"hbalyt S0eEbdls! De

devel oper is an aqueous al kal' i ne ution

claim 11 witembout t80esedandsiomechoti plateor fipneshout 15/ minutes toébout 40 minutes

t et ranet hyl_ammoni um hydr oxi de.
Y in an oven Eﬁery e exposure step but before the developing step.

13.  The method of claim 11 furthe_f comprising heating said coated substrate at
a temperature of from about 90°C to about 150°C for about 30 second to about
180 seconds on a hot plate or for from about 15 minutes to about 40 minutes in an

oven after the developing step.

14.  The method of claim 11 wherein said substrate comprises one or more
components selected from the group consisting of silicon, aluminum, polymeric
resins, silicon dioxide, doped silicon dioxide, silicon nitride, tantalum, copper,
polysilicon, ceramics, aluminum/copper mixtures, galﬁum arsenide and Group III/V

compounds.

15. The method of claim 11 wherein the exposure step is conducted with

ultraviolet radiation having a wavelength of about 365 nm.

16.  The method of claim 11 wherein the developer is an aqueous alkaline

solution.

17.  The method of claim 11 wherein the developer is an aqueous solution of

tetramethylammonium hydroxide,
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