. 008/ 14833 : _ 250
PCT/ EP97/ CEYOEBBER33R) PTI ON LI GHT SENSI TI VE covPas! TI ON CoNTAIRTER

. ARYLHYDRAZO DYE 5 BACKGROUND OF THE | NVENTI-ON Phot or esi st
conpositions are used in mcrolithography processes for making miniaturized
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 photoresist conposition is first aygpkCREPTON substrate material, such

i as silicon 10 wafers used for making rntegrated circuits. The coated
substrate is then baked to evaphiGH& SEUV Ophot or esi st
conposition and to fi-x the cogting onto the sub ate._ The baked coat ed

surface of the substrate is ATAREDNA exposure to

radi ation. This radiation exposure causes a chemical transformation in the
exposed 15 areas of the coated surface. Visible light, ultraviolet

(W) lights, el ecBATKGROUNDOXTHE/INVENINIONener gy are radiation types
commonly used today In mcrolithographic processes. After this inmage-w se
exposure, the coated Phbtoresistecompesitionsedreniuséd Hndmiasplithegraphy upriogesses for
di ssol ve and renove, either the radi ation-expgsed, or { exposed.ar eas, of
| the coated surfal@<H .'{‘W@t‘é"ﬁfgtﬁle@f&@.’“cﬁmpon&ts Such as f"t}ﬁgk%rﬁ%éo‘f 8F computer ¢
| photoresi st conpaght bdshtedtaRalditéBitd\OLGehAIR A tIRRE ipkdk8selOf i ToatilEBF film
negati ve- wor ki ng pqot oresi st conpositions are exposSed inmage-w se to
radi ati on, the aofaphoforesist compbsition Bnfrssapplied teasobsithte matdrial, rsadh as isilioon

| becone | ess soluble to a devel oper solution.(e.qg. a cross-linki reaction
| occurs) WRile th@’afﬁﬂéié%gd r%ﬁkg&m@grqt Cﬁ%gorﬂ'ﬁcﬁat thAfe 1% F’r"aﬁe‘S to

| relatively 25 ' : t Q]

| exposed nggativePVA??roEzlﬁhglg&g‘s)%vg{ns%/ﬁﬁﬂﬁngagJé%/géﬁtgH&glrpE%gégggaﬁg%gfe ﬁah?‘%eonto

| non-exposed ar eashedsubstistep Mlieobaket doatedasurfage of thel fSubsrateds next subjettedenba ve
1 image in the coating. Thereby uncovering a desired portion of the

- under | yi ng subst image-wise expesubtofadiation.ne phot or esi st conpositi on was

| deposited.

This radiation exposure causes a chemical transformation in the exposed

15 areas of the coated surface. Visible light, ultraviolet (UV) light, electron beam and

| X-ray radiant ehergy are radiation types commonly used today in microlithographic
processes. After this image-wise exposure, the coated substrate is treatéd with a
developer solution to dissolve and remove either the radiation-exposed or the
unexposed areas of the coated surface of the substrate.

20 _ T here are two types of photoresist compositions, negative-working and
positive-working. When negative-working photoresist compositions are 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

25 soluble to such a solution. Thus,-tre‘atme_nt of an 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.
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PCT/ EP97/ 05 X0 98/MB33n t he ot her hand, when positive-worki ng pRETEPEHGSIB0
conmpesi tions are exposed i mage-w se to-radi ation; those areas of the _
phot or esi st conposition exposed to the radiai-on become nore soluble to the
devel oper solution (e.g. a rearrangenent reaction occurs) whil e those areas
© not exposed remain relatively 5 I nsol uble to the devel oper solution.

Thus, treatnment of an |5 ve- L o] | st. Wwith the

devel oper causes _re_m)vcg{_l< Q@?s%?hegq%b@oé’z‘a“ %@gg&g‘%&pﬁé@%ﬁrfﬂﬁ téqmpqsﬂgno are
creation of a POSxpbsed inab@owisé tohfadiitioh O tIRsse Shred ¥ the - pitfiareSist %oﬁz?ﬁkifi@ﬂi
portion of the underlying substrate surface is uncovered. After thi

devel opnent oper @xposed tohtherradiation beedne mong solublet todtheudeyelopere sdidtion (e.g. amy

be treated with a substrate-etchant sqlution or plasma gases, and .the like.
The et chant  sol uTFETRIGEMENG Eaction, Oecurs) WhIG hase A5eas: B4t HpOSeHk refaa relgtively

where the PNOtor Galehipo 28! heisyBBpL IAch. I UTHAD EHRRRTCR oxfled 35 Esyeo"

the substrate where the photoresist coating still renmains are

and, thus, an et oheilinggihoesresistovici thetdedelopertdagses wbrnbvatof thepdxposel aredl 6ftthe
~corresponds to the photomask 15, used for the inmage-w se exposure of .
the radiation. L&oating antbthecsraationef & pastiveimagesdn the photergsist ceating: ndgeinya be

renoved during a stlipopi i . V] &) t substrate
surface. In sone q%%xg%dgﬁ;%rggn 8?@%?%”%3%?% g‘@#er ggﬁg%etlgp'rlgoé't%pﬁ%ﬁe remai ni ng
photoresi st |ayer, af tgfertthis dsveRpfieitoperatici) thé dowepaetifilyl difprofesied NUbSERP .
to increase its adhesion to the underlying substrate and its resistance to

etching 210 maydhe freaseds withasubstoase-gishiatrsglusion os plasmetgasesraadshe likes The e
curt Nty 1 20r o Gk WA o S i 5L, PR E e e e
et e 21, ARt o451, B e o
the substrate w twhese thejiphdtogesist coltingrastilh renhgins cave i prgteatetl cande xthas; uare etvhed
devel opment . N R Greated i the subBfate Gaterial whidh abiresponds to the photomask °
15 used for the image-wise exposure of the radiation. Later, the remaining areas of
the photoresist coating may be removed during a stripping operation, leaving a
clean etched substrate surface. In some instances, it is desirable to heat treat the
remaining photoresist layer, after the development step and before the etching step,
to increase its adhesion to the underlying substrate and its resistance to etching
20 solutions. | |
| Positive working photoresist compositions are currently favored over
négative working resists because the former generally have better resolution
capabilities and pattern'trans_fer characteristios. 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 édge acuity after exposure and
- development. In many manufacturing applications today, resist resolution on the
order of less than one micron aré necessary. In addition, it is almost - always .
desirable 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 .. . . .



order of less than one mcron are necessary. In addition, it is alnost

" al ways- desi WeHI844833at  t he devel oped photoresist wall profil esPEHER¥AS280
vertical relative to the substrate. Such demarcations between devel oped and
undevel oped areas of the 30 "resist ceadting translate into accurate
pattern transfer of the mask image onto the WD 98/ 14833

PCT/ EP97/ 05280 -3 - substrate. Thi.s becones even nore critical as the push

toward mniaturization reduces the critical ¢l ' devi. .
Pos 11 ve- acti ng SHBYGREo: VS beesis: Siehghsid, aichl HE WAL Budl i Bisiihaasion.
conpounds as phot.gfdes e GRICRIAINESsicHsOnME devitgywn i n the art. Novol ak
resins 5 - 'a'trre typically produtl:ed by condensi ng formal dehyde and one or

more nul ti- substi tut &bsjslverastisg photordsistsisanspsising ngvolak resing andiquinpae-diagideh
as oxalic acid. Photoactive conpounds are general obt ai nped by..reagtin
ol L1 Byt oy phen GOMPORAS, B PRESOLER RIBREMSCATE AR ytbecprt Otk s
derivatives. The ' ' f ! I i : :
substr at eeSZur f aceapggg'ﬁt:aﬁ) ‘Q’é?f’é‘}% 8‘? HXSB?%L‘?gqghﬁ%lg%’gﬁgpﬁﬁgﬁssﬂf acrg l'(;l][.l ma
sem conduct or deubgitatedi p@nblse imhhé @resehey bfiny a¢id omaealpst, Such iast exatier i e

effect resulting fromthe reflected light fromthese reflective substrates
during the exposRheteactive sempeundscarp generally obtaingd diyhreagting: mudtihydrowyppenslice m

i s especially severe when the st rat u | Sy -hi.ghly reflective
and t opogr aphi cal%°™®%HE ‘P’HQ nf,;?lﬁﬁ?qwréqrﬁéliﬁr{%%ﬁﬂﬂﬁ%ﬁﬁ%&gj%gesj surface
i s often unpredictabl erhe phbtordsReyd lokteh applied) té 4 @effective fmélal bibstrate surface

reproductive resist pattern typically known as reflective notching and al so

in |arge lari ati and/arrappliedb i @t topographicali surfgeel of osesrieeriductop adeavinenduring: the

t hi ck f th hot i st t sybst r at h ) h .
hvention 16 s choBIRh Ry Rotre: 1Be Miptre R otirE e g FOG, HeTR08Red ioht
Swi ng Reduci on Ra&arﬁithgw '?ftgecﬁ{?@ s@bstrates dulti® GRS séggss&é &P SRayP RALQT PalterhS .|

especially over highly re ctive topographitcal substrates. )
linewidth variation, the problem is especially severe when the substrate surface is

" both highly reflective and topographical, since the light reflecting from such a
15 surface is often unpredictable. This results in both a loss of fidelity of a
reproduc_tive resist pattern typically known as reflective notching and also in large
variations in linewidth of the imaged photoresist pattern as the thickness of the
photoresist over the substrate changes. The present invention is directed to the
reduction of linewidth variation, measured as Swing Reducion Ratio, during the
20 processing of these photoresists, especially over 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/diazonaphthoquiﬁone_ chemical system and the
25 resist caﬁting solvent, strong absorption at the exposure wavelength used to image-
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 param¢t¢fs are photosensitivty, resolution, sidewall edge
acuity, and depth of focus. Typical photoresists that do not contain dyes exhibit

30 reflective notching and large variations in the critical dimensions as the film



. The addition of dyes to photoresists has been suggested pr,e.vi.:ou_sl . The

. choi ce- of dW© 98f14833phot oresi st i s based on satisfying several® 08380
| criteria, such as, conpatability with the novol ak/ di azonapht hoqui none
- chem cal system and the 25 resi st castié4ng solvent, strong absorption

| at the exposure wavel ength used to inmage- w se expose the resist, high
" extinction coefficient at the exposing wavel ength and m ni mal inpact on the

performmnce. por artBEEReS hesh BesIBRh a8l e sHENTEfa; A AHGRGEN on
. acuity, and dept hhoferhiebmthuctob delica beddhNsQhereisplistidafld, HRré@id moRt t%'rpp{g%gf

- exhibit 30 : reflective notching and .large variations in the c
. di nensi ons as t hds beihgintrodaCed 8n thiB8strate and the need for photoresists that can reduce

- PCT/ EP97/ 05280 -4- thickness ch es..qver .t opogr aphigal ,features in the
" substrate. As théh%ﬁqr&wmmaﬁ 0? ﬂge%‘g %Waﬁpgq'egﬁxﬁﬁ@et ARgFSe known
sophi sti caj ed, Moy @dddDiink GREG! A0 oling Bhfichl | "REARHEAT of ndedpreferably
e the | arge

" substrate and the ne or phdtorésists t can reduce

vari ations of |i reimisktionaef thiseswihg ratogsrosides a distihdti priscess sosthelngoantage aihen 5
as linewidth sw %r atio, is_becomng critical, Reduction, or nore
- preferably elin reopsing therpreferred sypeef phetoresiyfor pieds manyfacturing: semicandyetor

trol advant wh h ' t h f \ot ist for.
o Ut oot o eaciekiiet. o P alcive, 8E S piifortifi i the RIRIGRATHE Sarhciteiskes
. photoresist all thatiohtdaBsvefiug beBi-aaiRHit6 (givesthetebl FERmahey Snd Hakinkin

- maxinm zed to give the best perfornmance and naxi num 10 process
control . Ithe noveroessecartralhe i nstant invention is used in a photoresist

- conposition to give a fjilmo 00 ual i .ovi de_hi gh absor ption and

. give good |ithographi c{.}t?e'?qv(?{ %%fg‘}’gé%%’éﬁ'&ieﬁ@’mwsﬁ?ﬁ ?\Qg?tr?éesg#ic«%‘?gs’ﬂ?"
reflectivity. 15 : ﬁHl,\/Mﬂﬁg 1 G0 hi tibh M&d t ' hi
| conposition of thtg g;’)‘Feeasent i v%ﬁ?%%wﬁs}g*‘%l ;rgg(?l?g??é t he %i%oggﬁﬁ%%rap ©
' critical |inew dtperformence; enpsciallgsmirﬁmiz'glgfthc)aﬁ'q:ﬂmomﬂsdt@ity. )

15 SUMMARY OF INVENTION |
| The positive photoresist composition of the present invention is for
reducing the variation of critical linewidth dimensions resulting frbm photoresist
film thickness changes, known as linewidth swing ratio, and reducing reflective-
notching, where the photoresist composition comprises an admixture of a film-
20 forming resin, a photoactive compound, a sol\_}ent and a novel dye comprising the

structure:

- A

Y

where A, and Ay are independently an electronwithdrawing group, preferrably
COR,,CN or CNZ, '



!'reflectlve

fllmthrcknes hanges, known as linewidth swing ratio, and r L n
Ws %?Z\ where the photoresi st conposition conpri g&&?ﬁ%&w

- adm xt.ure of a fil m 20 form ng resin, a photoactive conpound, a

! PCT/ EP97/ 05280 - RefsH, @.d;{)mﬂ (é,Cb?gmm Fxftf mgi ﬁ%@o A, alky

. (derr]-derr])al koxy, nitro
| Sgerr]CFlerr], COOZ, disfanovihyl, SOGCF;, ODOM@Z ]CO@Z)ZS@%VSZ S,OM'NHI:@Z

Pa light-sensitive positive phot or esi st

i solvent and a novel dye conprising the struebure: [err] where Alerr] and

Alerr] are independently an el ectronw thdraw ng group, pr ef errabl y
COR[err], CN or .CNZ, WO 98/ 14833

cyan nyl
SOerr]NZ[err], where Zis Hor (Jerr err aIkyI Yis aconjugated
moi ety e.g. N=N, Q/\#QMW%W‘ lll\ﬂﬁ C]B WIS H,

(Cerr]-Cerr])al kyl | k

preferred structure for {%&g‘%ﬂé& {e&?lg \?ﬁ%\i’e&&?gw] Q[I\quf] there

i ndependerg | y H, (C[erwhsg;ecf-tmdlv@nor(cptmkoﬂaﬁal)al koxy, nitro,
hal i de, 10 éano aryl, alkylaryl, "al kenyl, dicyanovinyl,
SO[err] CF[err], COOZ, m&d! br1z, COoz, OZ NZ[err] SZ, Sqerr]Z NHCOZ or
SO[err]'NZ[err], where Zis Hor ((err]- C[err])al kyl, Y is a conjugated
noi ety e.g. N=N, CWCW CWEN, N=CW where Wis H, ((err]-(err])al kyl or
(Cderr]-derr]) alpgny The current invention
further conprises a n%ﬂeﬁge%f?tgc?nurﬁgé%thgﬁg?(l)sr'eS| st image on a substrate
usi ng the novel photoresist conposition ofgthigyinvention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENT T prgeent invention provides for

Ry R

R,)m

where R, -R; are independently H, (Cx-Cw)alkyl,'(Cl-Cm)alkoxy, nitro, halide,
10 cyano,. aryl, alkylaryl, alkenyl, dicyanovinyl, S0,CF;, CO0Z, SO;Z, COZ,
OZ, NZ,, SZ, SO.Z, NHCOZ or SO;NZ,, where Z is H or (C;-Cjo)alkyl,
Y is a conjugated moiety e.g. N=N, CW=CW, CW=N, N=CW, where W
is H, (C1-Cio)alky! or (Ci-Co)alkoxy, and |
m=1-5, |
15 _ The current invention further comprises a method of forming a photoresist

image on a substrate using the novel photoresist.'composition of this invention.

DETAILED DESCRIPTION OF THE PREFERRED EMB ODIMENT
The present invention provides for a light-seénsitive positive photoresist -
20 composition comprising a film-forming resin, a photoactive compound, a solvent

and a novel dye comprising the structure,



| 20+ conposition conprising a filmforming resin, a photoactive

. conpound, aWe#8(d$M and a novel dye conprising the struct ureFCT/ER}#05280

| 98/ 14833 o ' PCT/ EP97/ 05280
-6:- [err] where Alerr] ‘and Alerr] .are indepgndently an el ectronw t hdrawi ng
group, preferrably COR, CN or CNZ, Rerr] is H (derr]-(err]yal kyl,
(dJerr]-(err])al koxy, nitro, halide, cyano, aryl, alkylaryl, alkenyl,

di cyanovinyl, SO[err]CFlerr],COQZ, SOerr]Z, COZ QZ NZerr]0 SZ,
sgerr]z, 5 NHCOZ oi SO er rANZ2 -Ahhere Z is H or
(derr]-Cerr])alkyl, Y is a conjugated n?i%{y e.g. N=N, COWCW OWEN,. or
N=CW where Wis H ((err]-Cerr])alkyl ory(Clerr]-Cerr])al koxy, and
m=1-5. 10 The nore preferred structuré for the dye is, [err] where
Rlerr] -Rerr] are independently H (Jerc}=xerr])alkyl, '
(derr]-derr])al koxy, nitro, halide, cy ryI , al kylaryl, alkenyl,-

di cyanovinyl, SOerr]CFerr] ,C00Z Sd er COZ, Qz, NZ[err], SZ,
Sgerr]Z, NHCOZ or SO[err]NZ[err], where _ kpor (derr]-Cerr])al kyl, Y
is a conjugated noiety e.g. N=N, CW-CW CWEN, *of™N=CW where 15

Wis H, (C[err]-C[err‘L)aI'k I or_éC[err -Clerr])al koxy,, and nr 1-5 WO
08/ 14833 _ where A, and A; are independently an electronwithdrawing gpoup, preferratdpgo - 7-
The invention further &Sﬂ\eﬁlgrsd\fi a process for coating and inaging the

R, is H, (Ci-Cio)alkyl, (C;-Cyo)alkoxy, nitro, halide, cyano, aryl, alkylaryl,
alkenyl, dicyanovinyl, SO;CF;,,COOZ, S0;Z, COZ, OZ, NZ,, SZ, SO,Z,

5 NHCOZ or SO;NZ,, where Z is H or (C;-Cio)alkyl, ' '
Yisa éonjugated moiety e.g. N=N, CW=CW, CW=N, or N=CW, where -
W is H, (C;-Cio)alkyl or (C;-Cyo)alkoxy, and

m= 1-5.

10 The more preferred structure for the dye is,

O 0o .

Ry R3

Rl)m

where Ry-Rs are independently H, (C1-Cyo)alkyl, (Ci-Cio)alkoxy, nitro, halide,
cyano, aryl, alkylaryl, alkenyl, dicyanovinyl, SO.CFs, COOZ, SO;Z, COZ,
OZ, NZ,, SZ, SO,Z, NHCOZ or SO;NZ,, where Z is H or (C,-Cjo)alkyl,
" Yisa _cbr_:ju-gated moiety e.g. N=N, CW=CW, CW=N, or N=CW, where
15 - W is H, (C;-Cio)alkyl or (C;-Cjo)alkoxy, and

m=1-5. .



|

' light-sensitive conposition of this invention. The production of film

i form ng reswo®8/14838h as novol ak resins or polyvinyl phenols, VWETEPI5280c

used f.of preparing photosensitive conpositions, 5 - are well known in

| the art. A procedure for the manufacture of.movolak resins is described in
¢ Chemistry -and Application of Phenolic Resins, Knop A and Schei-b, W,
¢ Springer Verlag, N Y., 1979 in Chapter 4 which is incorporated herein by

. ref . Paravi nyl | s.. | yvinyl phenols are described.in U S
Pt N3, 066, 207 and 1o v gk fofies RGO Bl o SRR G5 ek e

. preferred enbodi b.aobhens alyisd PaAr 113,04
. novol ak resin, the dye and the di azonapht hogui hone, prefer

herein by 10 ki ﬁt%eﬁﬂﬁ@&@o%?slﬁiidﬂ 6ﬁlﬂs¥nve§1ﬂ6n.use of o-di azonapht hoqui nones

as photoactive conpounds IS known to the skilled artisan, as

denonstrated by Li ght Thenprdducttorbyef dilm, fdfnsng , redins, 3otin a4/ meyoldk Sessins or

N.Y., 1965 in Chapter 7.4, which is also ingorporated herein by reference.

These sensiti zer BolMinylphernls, whigh d“aé’gPﬁ)Bfﬁéing’rcﬁreﬂwgpﬂl@éwﬁpméﬂmpeﬁﬂmse :

pref erabl y subst| | hoqui ot | ich are.
% hlteu\rvgl?] kﬂ{%\% e %ippﬁégu%ﬁféf i Eﬁﬁl?fatf‘tﬁﬁe of g?Yo(;%{E eSS s ||

conventiofal ly used | e art 1n pos oresis ormu

‘phot osensi ti zer s degegibedien Chernisiryeand OApplicatidre 6f PRenolid Resins| RAbS AACind Sk S

made by condensi ]rc’g phenol i ¢ conpounds such as hydroxy benzophenones,
ol i goneri ¢ phenoM; Speingen Vedag SNiY..it1889 rim | Ghapted rowhistheis incarpreaters herietnby

ot oo oo eédenée. Jfaravinyl ShendiBiaid pabiird} BiholCire escibed in .5Rat. No.
4395 18N QL RERSirst ineg,?apa?e& i &?eiﬁ gﬁ]

'y range

- 15% to aldéut 99%seference. wi tSinfiladyn abeuusel %f co-diazonaphtitiquinanesn agshtphotpsctione.
: in: 0 0

fost 250 C C ! b epBpaud it MEERNRLo dekilsd SRR, Mol URPRY Lin Sengtive
- solids photoresi t . r _

di azonapht hoqui n§ seteﬁdgh]]egﬁg’eﬁ’f {dg%mggg}l’)t@{ %%x&rf flti\g?éibl?g? ‘iggg%ag%g 7r'r%s‘¥hwh is also

preferably from iecotfordtedchereimbyp véfednté. Mhiessevensitizers whivh corhpribei 1cédfiponent
photoresist. In accordance with the present invention the anmount of dye
added to the |i gpfthednresent ipyentionase preferably subptituted dizzanaphthoguingne sepsitizers, t o

~ about 5% sand pr ghghARleY fvaRARRY usda S 3 AR pokite B8R foRhulb A

Useful photosensitizers include, but are not limited to, the sulfonic acid esters

made by condensing phenolic compounds such as. hydroxy benzophenones,

- oligomeric phenols and multisubstituted-multihydroxyphenyl alkanes with

naphthoquinone-(1,2)-diazide-S-sulfonyl chloride or naphtho-quinone~(1,2)-

20 diazide-4-sulfonyl chlorides.

In the preferred embodiment, the solid parts of the photoresist composition,

the novolak resin, the dye and the diazonaphthoquinone, preferably range from

15% to about 99% resin with from about 1% to about 85% diazonaphthoquinoné.

" A more preferred range of resin would be ffom about 50% to about 90% and most

25 preferably from about 65% to about 85% by weight. of the solids photoresist
components. A more.pi'eferred range of the diazonaphthoquinone would be from -

about 10% to about 50%. ahd rhost-preferably from about 15% to about 35%, by

' Weight of the solid in the photoresist. In accordance with the present invention the

amount of dye added to the light-sehsitive .composition ranges from about 0.25%

30 to about 5%, and preferably from about 0.5% to about 3.0% by weight of total



. WO 98/ 14833 . _ _

i PCT/ EP97/ 03290814833 resist. |n nmanufacturing the photoresi sPCEEPIHE280 on,

the resin and the di azonapht hoqui none are m xed wi th the solvent, such that
the solvent mxture is present in an anountgaf from about 40%to about 90%
by wei ght of the overall photoresist conposition. A nore prefered range is
from about 60%to about 83%5 and nost preferably fromabout 65%to

about 70% by we r.al.l esi st  conmposi.tion Addi.tiveds t%léch

i ght, of .t he oy, phat o
as col orants, no‘%‘-“étcti HP;"‘G g i ¢ tlpflgttoﬁﬁf’ta ‘g'ﬁP%s,m%’ athe JFgia, an
-adhesi on pronot %iﬁonﬁﬂﬁhbé\ﬂn&leda?e nSREEWitRhE 8610EM, AR thaY R SoRRh mitkird’S
added to the solution of resin, sensitizer, dye and sol vent system before
the 10 sol present in an emeaustdofofiom abosti¥eYor tat abouS9DVaby eveight \ofithe ovverall

such phot oresi stg may .incl ude, propyl ene glycol nopo: al kyl ether, propylene
gl ycol al kyl (e.la‘.mﬁ’%ﬂﬁmo}“ﬂé’tsmp- ﬁb@f’é‘l @',%h‘é?(ﬂgﬂﬂggls TomaRout 67 da absut $3%
xyl ene, digl yne, Y. ' - t anope,
et hyl ene %I ycol an“@%@?ﬁ?ﬁf%ﬁgrféfgebg#g%%go #&Pﬁ?gﬁcﬁg‘&gﬁg?ﬁ%& overal

Q her phot or esi sphotor@bistGonipdsitioaont ai n pol yhydr oxystyrene resins or

substituted pol yhydroxystyrenes can al so be used in conjunction with
phot oacti ve conpoundsAddifiese shely asdolarants) Inpncastinigi dyel, s adti-striation agents, -

i nhi bitors. Thes hot oresi sts _are wel | own,in the art and,ar ensitive
to radiation in Heiﬁ%" E5n 3NEPIPR PIYPQETS, liﬁ'xg aids, speed én af‘ﬁ%“&r‘@ag&%%anr}s may

phot or esi st conpRsiddedtoStkeWoiutidn dfaresiAe s@iRitizEe dyk And oSt lsRitEmDeféieYthe
conventional nethod used in the photoresist art, “i ncludi ng di pping,

sprayi ngl0 whi r | i sofutionds sited entataisuhstrabhen spin coating, for exanple, the

e SO o e L B SRR O R SERLIES Sodibar
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- polyneric resi nsethowyprapionats, ocylede, diglyme, amyl acetate, ethyl lactate, butyl acetate, 2-

| | heptanone, ethylene glycol monbethyl ether acetate, and mixtures thereof.

15 , Other photoresist systems that contain polyhydroxystyrene resins or
substituted polyhydroxystyrenes can also be used in conjunction with photoactive
compounds. These may additionally contain dissolution inhibitors. These
photoresists are well known in the art and are sensitive to radiation in the deep
ultraviolet. 3 _

20 | The prepared photoresist composition solution, can be applied to a
substrate by any conventional method used in the photoresist art, including -

- dipping, spraying, whirling and spin coating. When spin coating, for example, the
resist solution can be adjusted with respect to the perce_ﬁtage of solids content, in
order to provide coéting of the desired thickness, given the type of spinning

25 - equipment utilized and the amount of time allowed for the spinning procéss.
Suitable substrates include silicon, a_fuminum, poly_meric resins, silicon dioxide,
doped silicon dioxide, silicon nftride, tantalum, copper, polysilicon, ceramics,
aluminum/copper mixtures; gallium arsenide and other such Groﬁp v

compounds.



doped silicon dioxide, silicon nitride, tantalum copper, polysilicon,
‘ceram.cs, AWOMBH#MBcopper nmixtures: gallium arsenide and ot r%FT’EWWS@oup
I 11/V_conpounds. WO 98/ 14833 N
PCT/ EP97/ 05280 -9- The photoresi st coatings-9roduced by the described
procedure are particularly suitable for application to alum num al um num
oxi de coated wafers, such as are utilized in the production of

m croprocessors and other mniaturized integrated cifcuit conponent,s. A
silicon/silicon dioxi t&‘ﬂ"’w&p&ﬁ"_’ ih E7EGEL PR 'é_%e.d by the” dejerioed, piocesite Aty
al so conprise Va?hﬁiéﬁlaﬂ‘}' SUIXBbIE Fof BFplitation 16 Whininbim/AUAREMAARE dMed Fhflrs,
such as polyestelfs. The substrate nay have an adhesi on pronoted [ ayer of "a
sui t abl e conposi sacinas arecutilized am ¢hec prodactiomgf ndorepmickssbrsdarsi bthen neiniafiitized

phot oresi st conpgsition solution is thepn goated onto {he sybstrate,, and the
substrate is treitegraied Grepl[OMPONERts (4 § °8’E/36&F°"7667(’5“{]°0 BWA@[@ pyed.

for from %0 C T LelelTE ;&mnlcé ey

for from g’bout 1gh?%gg%}5%€“%§ %mgﬁ?t;e@nl n a g%ﬁ’\gﬂct I on g‘eg’nesi‘?ﬂ?ﬁsy H’Lxﬂp%re?l’i
tenperat ure treapgBmiers suchedsqlyesters) Dhelsubstratermajthavet dncadhesion prarmsted tayef
residual solvents in the photoresist, while not causing substantial thernal

degradati on of tle€ashitableeompasition; suchrasgap epafaininghexawalol disilazanedi ni ni ze t he
concentration of solvegts.and this first t erature 1 trea nt s
Gonduct ed unti 1 subst S PARRyeSih3mPoRten sEHEh FhEcRte ape it SERHAG 4nd
thin coating of pROLMEREeSS treRABPABA tdripbratdfe £H@ DbIET0°C to0dBRU $6°C or from
(mcroneter) in thickness, remains on the substrate. In afpreferred

enbodi merit0 t he t abpetr30 seconds td abontalfusecendscon pchatplate cartfo Ffom rbait Theo
treatnment is condg&;e uptil the rate, of change of sol t renoval bec rlx;‘as

ve

relatively insig# PInuTeSCIN AT ATF A ¥ oin temperature; treatient s selgpte
depends on the Plapidi6 bdlceRABEHAEAERICS refifudl Yolvbiits i o pHidtortll, wiie!rd?
equi pnent used and conmercially desired coating tines. The coating
substrate can theausheg sulptentidl thermat degraglatiani oft the rphotosgnsitizert r kv gerleedl, one

radi ation, at a wavel ength , . ) )
desires to minimize the concentration of solvents and this first temperature

15 treatment is conducted until substantially all of the solvents have evaporated and a
thin coating of photoresist corhposition_, on the order of one micron (miérometer)
in thickness, remains on the substrate. In a preferred embodiment the temperature
is from about 85°C to about 95°C. The treatment is conducted until the rate of
change of solvent removal becomes relatively insignificant. The temperature and

20 time selection depends on the phdtoresist properties desired by the user, as well as
the equipment used and commefcially desired coating times. The coating substrate
can then be exposed to act_inic radiation, e.g., ultraviolet radiation, at a wavelength
of from about 180 nm (nanometers) to about 450 nm, x-ray, electron beé.m, ion
beam or laser radiation, in any desired pattern, produced by use of suitable masks,

25 negatives, stencils, templates, etc. _ _ _

" The photoresist is j"chen optionally subjected to a post exposure second
baking or heat treatment either before or after development. The heating
temperatures may range from about 90°C to about 120°C, more preferably from

about 100°C to about 110°C. The heating may be conducte& for from about 30



! 60 seconds to abou

~.of fromabout 180 nm (nanoneters) to about 450 nm x-ray, electron beam
" ion beam orwbasaas3sadi ati on, in-any desired pattern, producedCBERIZASIEP
sui t abl e masks, 25 negatives, stencils, tenplates, etc. The -
photoresist is then optionally subjected taj@-post exposure second baking
or heat treatnent either before or after devel opnent. The heating

t enperatures may range from about 90[err]C to about 120[err]c, nore

preferably from about, 100]err]C.to about 1 rlC. The ati ng nmay, be
conduct ed for fr &RoRAS e abopt nwt%mqgﬁe]i%[a%{y fkoma outE secon%s to ‘about 90

PCT/ EP97/ 05280 - 10 el olelly ' Shett m about
SongBER AR Rl rWopCa T UoRF 45 FRRGPE T tvaRich Vel

m nutes by convect i on Thee¢xpoddie photpresiiticadted aubstiatds- aro adeveloped 16 Iraindse akie

devel oped to renpve the image-w se exposed areas, by inmmersion in a

devel opi ng sol ut iBrEOWisgLKPPISH Ageasbysimmersion i develeniag splytian op dsreleped byhe

solution is preferabl I tate r a AR agi tation.
The substrates a[sgraglqlegg&gamglgt &gﬁ%ﬁgh 'lﬂ%r% ﬁ%?dgegarg%é%b%%]ﬁ?éﬂé%{ e)gqmﬁe, @y
substantial 'y al lnjtrgpfenttifstPipRatb®s The substfdtéareadioWedsto! iéafdin rPfRet dveloper
exposed areas. Developers include agueous sol utions of ammoni um or al kali

met al hydr oxi des untihell,poesebstantialy dloof the photoresishreoating hasrdissolved from the
hydr oxi de. After 10 rﬁm)val of E e coated fersffrom.t he devel o ipg
Sol Uti on, one ey RAA demsa ReRsioPe inclyls anushus splings of suBpniRor kel mete
bake to increase t iR ' ) | >t aldbg
ol tt1 ons. and. ot HLFOXERE, (18 preRiisd shifhiods SHRMARI HERA AR ARL,
conpri se ¥he oveneheokdl g thé codied avafidrs fipnatie devielopingt sohitingone iy coductnai s
softening point. In industrial appljcations, 15 articularly in the
manuf act ure of niogHeralr pest \]gﬁl’ﬂ‘?‘g b?PtSFF*FE’GH'/ & P@?S’_n t‘gi iggrease. the, foating's
supstrates, the SENEEPEfH SHBALY HESad oMl BiGthnt! i) GHBLLISHALes. The
ydrof [ uori c aci ase etching solution. The photoresist conpositions o

the present invepostodevalopnieasheit anhtnient ami corhprise thé obémbaking of therdatingland
rovide effective
P S substrate below the coating's softening point. In industrial applications,

15 particularly in the manufacture of microcircuitry units on silicon/silicon dioxide-
type substrates, the developed substrates may be treated with a buffered,
hydrofluoric acid base etching solution. The photoresist compositiohs of the
present invention are resistant to acid-base etching solutions and provide effective |

protection for the unexposed photoresist-coating areas of the substrate.

20
The following specific examples will provide detailed illustrations of the
methods of produ_cing and utilizing compositions of the present invention. These
examples are not inten&ed, hc._)wever,. to limit or restrict the scope of the invention
in any way and should not be construed as providing conditions, parameters or
25 values which must be utilized exclusively in order to practice the present invention.

Unless otherwise speciﬁed, all parts and percents are by weight.



protection for the unexposed photoresist-coating areas of the substrate. 20
The fol | owiwQ98/p4833 fi c_ exanpl es will provide detailed illust PSI/ERIOBOt he
nmet hods of producing and utilizing conpositions of the present invention.
These exanpl es are not intended, however, tqilinmt or restrict the scope of
the invention in any way and shoul d not be construed as providrng

condi tions, paraneters or 25 val ues which nust be utilized
exclusively in order to practice the pr ' iant ion. Unl ess ot herw se
specified, all parts and percents are bm&y—.— WD 98/ 14833

PCT/ EP97105280 - ofiu fmatiog @zonium salt formation: 4-Nitroaniline
(13.8g, 0.1 nol) S ge 0 a jacketed 800 ml beaker -at room

tenperature, along w #iNitrdaniline(1368g)\0HGnohwhasldharged watagackefdd 8001ink beaker bt
was nechanically stirred at roomtenperature for. 20 mnutes, then cooled to

O[err]C. To the moRktampesatues aloagdvithwpP dal of & NeHO jand 49 whwiaten nThis mixture
solution (7.6 g,_0.11 nol in 15 water). The addi.hian was,exothermn ¢ and
he tempePai ur o WAk Mechimicaly sfged i R iariperalicetopiab BB S ShrER o i Bor
excess nitrite Upphfe thealRfRfis £d&H3&i%RHf§b'ﬁgfed&ﬁlfédafcfdﬁnh%ﬁ{rit@%ﬁ'ﬁhh ey,
paper turned inmediately dark blue / 10 - bllack 1 n the presence of
excess nitrite. 0f11amalesdSmmk watee). viElse pddtianwvasi exothermibandidlss tengrerathfeewas
addition rate was slowed to EHOW_ti me for the nifrite to react with the

starting materi akept atRe>%ddThe BcHiRm was Alsp apcrutorsd 1o (Fxass mijsiterusiag J‘;Z@Pﬁfo
oo ; T e aec | . PP >y A0H
*o Conpl eted. | aRsesi IGHADU Q8BRS he b0l RGP ifiok Bl 8afl Blas' £

added. The 15  black i @¥eOpiesdhics aft exdbsst nitrite WIS ekédst mitditd Was broRut dafing the
O[err]C, after which agggexcess nitrite was neutralized using approxi mately

1'm of a10 w sdditersshsaddiicrastewasslowsdtaaliayn timetfos thei nitridentireastawith the
So_l ution was mai Q%%{nger%at%}ialq[ e’ﬂxé %dcfiigan tvr/]aes go%ﬁ!etleg Yvithin approximately 20 to 30

‘minutes; excess nitrite should be present 10 minutes after the addition -is

completed; if not, an additional 5 to 10 mol % sodium nitrite should be added. The
15 diazonium salt mixture was stirred for 1 hour at 0°C, after which any excess nitrite

was neutralized using approximately 1 ml of a 10 wt % aqueous sulfamic acid

solution. This. diazonium salt .solution was maintained at 0°C for the coupling

reaction.

20 Coupling reaction: _
Ethyl acetoacetate (13 g, 12.7 ml, 0.1 mol), 35 ml pyridine, and 100 ml of

deionized water was added to a pre-chilled 800 m! jacketed beaker ét 0°C;
mechanical stirring, thermometer, and pH probe were added. The diazonium salt
solution was added dropwise over appfoximately 20 minutes while monitoring
25 temperature (< 10°C) and pH. An additional 100 ml deionized water was added at
end of the addition. The coupling reaction was stirred at 0°C for appro:dmatély 36
minutes. The resulting solid dire was vacuum filtered. The dye was reslurried in -
5% aqueous acetic acid for 5 minutes and vacuum ﬁ.ltere-d.' A final slurry in

. deionized water for 10 minutes. was done to remove residual acetic acid, and then



reactiaon. 20 Coupl i ng reaction: Ethyl acetoacetate (13 g, 12.7 m,

- 0.1'nol ), 3yowkrsmssi dine, and 100 m of deionized water was RETRPITB5280
pre-chilled 800 m jacketed beaker at O[err]C nechanical stirring,

t hermonet er, and pH probe were added. The dig@azoni um salt solution was added
dropwi se over approximately 20 mnutes while nonitoring 25 -

tenperature (< 10C) and pH An additional 100 m deionized water was added

at end of the addition,, The c lin reactLon sstl .eda r.,.
appr oxi net el y BOVWHG’t@Eere he%gggﬁ?%faﬁ ranster eaﬁH§ hﬂp‘ﬁa"‘éﬁ M{he

i dye was reslurri AR A
filtered. A fina aﬂ7"‘*‘lﬂlr‘r§vy/ in mrﬁggﬁcﬁ%‘?&@whﬁ%ﬁﬂg%g?%gaggzgumand
‘renove residual g&@tdnﬁex@ﬁmbnmﬁiddmebfuo WD gXB/ 14833

PCT/ EP97/ 05280 vacuum filtered. The dye was transferred to a
crystallizing dish and dried in a vacuum oven. The UV-Vis spectrumin ethyl

'act at e sgowed a peak at 371 nm and gave-g &&E; §ct|on coefficient of 120
m g.L. 5 LE 2 Di azoni um sal t

formation: 4-Am @Pghﬁmﬂﬂf@ﬁm{tpﬁﬁ O0g, 0.1 nol) was charged to a. beaker at
room tenperature; al ong W of 6 NHC . This m xture was

magnetical ly stirred dtAminoacdtanlider (kS.0g 0. brmal) wasnchasged th@nbeaker atl roomMOC,
To the beaker was added 10 %\I -chilled sodiumnitrite

sol ution (7.6 g COEEEe: slon it {3 TROER N Hille Tritmne Gekmasshealy itfred,
the temperature Yoot %bmjr&efdJnﬁmtééhaleé%gakaeaozgsm'tﬁ@bamfwag alador

excess nitrite usi ng aper otassiuniio e-star t est paper

paper turjged i ”“Eﬂipﬁxﬁ ¥ pleckilled sedibmbhiait solutibh €761 gS@ b enalfin e20c o swater).
nitrite. If excess nitrite was Bresent during the addition, the addition
rate was 15 The kddition was axothermic asd thetemprsatire was kept@t Keib: Tha feaetinn

starting material. The additi
g was also moxgtoreci) Por excess nitrite using KI paper (potassium iodide-starch test

paper); the paper turned immediately dark blue / black in the presence of excess
nitrite. If excess nitrite was present during the additio‘n, the addition rate was
15 slowed to allow time for the nitrite to react with the starting material. Th’e addition
was completed within approximately 60 minutes; excess nitrite should be present
10 minutes after the addition is completed; if not, an additional 5 to 10 mol %
sodium nitrite shoul be added. The diazonium salt mixture was stirred for 1 hour
at approximately 5°C, after which any excess nitrite was neutralized using
20 approximately 1 ml of a 10 wt % aqueous sulfamic acid solution. This diazonium

salt solution was maintained at approximately 0°C for the coupling reaction. '

. Coupling reaction:
. Ethyl acetoacetate (13 0g 01 mol) 35 ml pyridine, and 100 mi of

25 deionized water was added to a jacketed 800 ml beaker at approximately O°C
mechanical stirring, thermometer, and pH probe were added. The diazonium salt
soluﬁo’n ‘was. added dropwise over approximately 60 minutes while monitoring
temperatufe (< 10°C) and pH. The coupling reaction was stirred at approximately

0°C: for-approxima'tely 1 hour.” The resulting solid dye was vacuum filtered, _and



. was, conpl et ed W t hi n appr oxi mately 60 m nutes; excess nitrite should be
present 10 WOP8H4E3after the addition is corrpl eted; if not, ACHEBYHUSE9al 5
to 10 -nol % sodiumnitrite shoul be added. The di azoni umsalt m xture was
stirred for 1 hour at approxi mately 5[err]Gl3after which any excess nitrite
was neutralized using 20 approximately 1 m of a 10 wt %-aqueous
sulfamc acid solution. This diazoniumsalt solution was naintai ned at

bt oncetat e (2ol wilP i MY AEPShd " The A ks e Burified by
dei oni zed wat er Uﬁmlﬁﬂgaﬂe tprodudt df ketratty dPeran mﬂ?%\‘éﬁplﬁhngﬁﬁfooﬁbﬁgtag uch

O[err]C nmechanical stirring, thernoneter, and pH probe were ad
di azoni um sal t sbtmtmd/muwcﬂttﬂdgoﬂhesiyemmtrapﬁmmum eiyytaﬂﬁmg diski eﬁd

~while rmnltorlng erature <10 err e, cou reaction was
stirred at approff "e?ya‘a’[“@r Ye@f al&%ﬁ%%%ﬂéfng‘% thSlRF&& PE%VQ Pwrg-
solid dyeswas va ik t 8 3

PeT) Epoyi Saono. - THE'UVLYiS speafm 3ttt Hitatd Mnblied's peak ater37(1:a Q ang gave an
mat eri al was f ur ettinctipn coéfficientnf 8dimBgllvi ng t he product in tetrahydrofuran

, and precipitating into twice as nuch hexane, and vacuumfiltering. The dye
. was transferred to a crystallizing dish and dried in a vacuum oven.

- Anal ysi s by HPLC showed t he product to @ém%e. The UV-Vis spectrumin
- ethyl lactate showed a peak at 371 nm a extinction coefficient of

- 84 n{err] g. L. Eﬁwahﬁnﬁsanifamidﬁm salt formation: 10 Et hyl
i 4-am nobenzoate (16. 5E%1 1 nmol) was charged to a beaker at room
" tenperatdPe, al ong wi Efhybd- amn@benaoaueﬁt&mrﬁ;hmmmw@m tosgbeakecat topm

SLinred 2 oo Rk S ) BESIT I RS b S
0.11 mol in 15 ngt pdBhftemperature for 30 minutes, then cooled to 0°C. To the beaker was added
dropwise a pre-chilled sodium nitrite solution (7.6 g, 0.11 mol in 15 ml water).
The addition was exothermic and the temperature was kept at < 5° The reaction
15 was also monitored for excess nitrite using KI paper (potassium iodide-starch test
| paper); the paper turned immediately -d'ark blue / black in the presence of excess
nitrite.  If excess nitrite was present during the addition, the addition rate was
slowed to allow time for nitﬁte.to react with the starting material. The addition
was completed within approximately 60 minutes; excess nitrite should be present
20 10 minutes after the addition is coinp_leted; if not, an additional 5 to 10 mol %
sodium nitrite was added. The diazonium salt mixture was stirred for 1 hour at
approximately S°C, after which any excess nitrite was neutralized using
approximately 1 ml of a 10 wt % aqueous sulfamic acid solution. This diazonium
salt solution was maintained at apprbximatély 0°C for the coupling. reaction.
25 |
nglmg&agt_lg&
~ Acetoacetamide (10.1 g 0 1 mol), 35 ml of pyndme 250 ml of deionized
water, and 50 g ice was added to a 2000 ml beaker at approx:matel-y 0°C (ice /

sodium chloride bath); m_echani'c'al- stirring, thermomet'er,' and pH probe were



The. additi on was exothermic and the tenperature was kept at < 5[err] The
reaction 1WO98/14833\as al so nonitored for excess nitrite u"s-'i--rﬂf'ﬂ(&”ﬂ& :
(pot assi um i odi de-starch test paper); the paper turned imedi ately dark
blue / black in the presence of excess nitndte. If excess nitrite was
present during the addition, the addi.tion rate was slowed to allowtinme for
nitrite to react wth the starting material. The addition was conpl et ed

30 mnutes aft oAt AnBRANER R RIS bideei Syt GieP ppfmady 20 o

nol % sodi um ni ; ' I I ur, sStohr or
| hour at appr O%ﬁ%@%%ﬂgﬁggxﬁ%& E;lf@ ?lg$ﬁvﬁﬁ?§hwg?§? %&dgglgts réi%t %éé&vav!assr 56l
neutralized usi dgioajzed oxdtemtvat wddedrhat edd af e addifiomq Bleusouplinf asactioncwas
sol ution. This diazonium salt solution was naintai ned at approxi mately
O[err]C for the siaepatanproamatelydhC s approsimately A hgur.i The resulting solist dye wes

[ co vas' ddded tgRamBbglerel pERGuTe R o iloafi S OVGRCLI A e oo ©
~ehlori de”bat ) | vERGR A, SA!fifd My PSOD R oni20uRle TS0 s wad0

98114833 . PCT/ EP97/ 05280
-14- added. The folimeddniremoweatesideallanid] amd thes vasisiedfiteredwi'be dys/ was transferred

approxi mately 20 m nutes.whi.l e ni.toring tenperatuyr <10[err] Q) .and_pH.
An'addi 11 onal 5802yl Jishianddiind HAASHIE OVER Yéﬂ@“é?%tﬂ%‘“%d@?‘? PirVisrhe
- coupling reacti [ : [ o 1 & ' 1
hour. The resul f[§ r%\&?})ﬁ 5“%53#/\&@%6%8%& ﬁ%ﬁécﬁh%kgﬁ Jt“(g-:;r éng ggr"ﬂ"gt“ﬁyé‘%@%‘g‘l‘y
reslurrild in Scoefficint6F 141anl/ gA.m nutes and vacuumfiltered. A final

slurry in 500 m deionized water for 10 minutes was formed to renove
residual acid, and then vacuumfiltered. The dye was transferred to a

~crystallizing dish and dried in a vacu ’EXi el ding 24 grans. The -
UV-Vis spectrumin ethyl |act ate'sho“e?%%‘?t 3644 nm and gave an

extinction Diazonium salt formation:
Ethyl 4-aminobenzb_ate (16.5g, 0.1 mol) was charged to a beaker at room

15 temperature, along with 50 ml of 6 N HCl. This mixture was magnetically stirred -
at room temperature for 30 minutes, then cooled to 0°C. To the beaker was added
dropwise a pre-chilled sodium nitrite solution (7.6 g, 0.11 mol in 15 ml water).

The addition was éxothermic and the temperatufe was kept between approximately
0-5°C. The reaction was also monitored for excess nitrite using KI paper |

20 (potassium todide-starch test paper); the paper turned immediately dark blue /
black in the presence of excess nitrite. If excess nitrite was present durihg the

- addition, the addition rate was slowed to allow time for nitrite to react with the
starting matérial-. The _ad_diﬁon was-bo’mpleted within approximately 30 mixiutes; _
_ excess nitrite should be present 10 minutes after the addition is completed, if not,

25 an additional 5 to 10 mol % sodium nitriie should be added. The diazonium salt -'
mixture was stirred for 1 hour at approximately 5°C, after which any excess nitrite
was neutralized using app'rokimately 1 ml of a 10 wt % aqueous sulfamic acid
solution, T his.. diazonium salt soixz_tiq‘n was maintained at approximately 0°C for the -

coupling reaction.



10 .- coefficient of 141 m/ g.L. EXAMPLE 4 Dirazoniumsalt formation:
. Ethyl 4-aniwoysnagmte (16.5g; -0..1.nol) was charged to -a beakePCHEPYM0528015
| tenperature, along with 50 mMl of 6 N HC. This m xture was nagnetically
stirred at roomtenperature for 30 minutes,_ fshen cooled to O[err]C. To the
beaker was added dropwi se a pre-chilled sodiumnitrite solution (7.6 g,
0.11 nol in 15 m water). The addition was exotherm c and the tenperature
was kept between approximately O0-5[err]C. The reaction was al so nonitored

for excess nitrite using KI paper 20 (pot assi um i odi de-starch test
paper); the papeMdl ately dark blue / black in the presence of
excess nitrite rite was present during the addition, the,

addi tion rate was sl oWRyltagetdhtedire (1310 gf or1 161,35 Ml bPpyriiafel 290 ki otflaaomzed
starting material. The addition was conpleted within approxi nately

m nutes; excess mwater, and SRqilod was pddedetota 1000mﬂnlmeeleerealttapprdxﬁmamljdﬁ)°t0 @ice Vs
conpl eted I f not nol % sodi um_nitrite

n additional 5,to0 1
shoul d_be Sadded. sqq'femdplélfeﬂ?ﬂm aITReHERER)r SR W?’@S“"f’oﬁnq nH)Lnrohe were
approximatey Sl GhiddTi] fitonih S AN RACHIS adlic! ddofulBooule HopPLliA Sy 80 "

approxi mately 1 o aqueous s m<c acid solutio

di azoni um sal t S%hﬁtb@ﬂvlﬁl@ﬁnﬂﬁtdiﬁ@ fefiperiturd (11 09C)TRAE bH. Oﬂﬁérd&pfi rédeBon
coupling reaction. WO 98/ 14833

PCT/ EP97/ 06280 - w5 stirrexb apappnoximatetyt O‘tﬂlforlipplgdxnmtelyddmm'afl‘he fdstiltihggsoli die
mol), 35 m of pyridin g;,‘l oni ze d.>5 ce was ,added
to a 1000 m bealés V&F“‘Hbﬁtﬁﬁnaf@ et Fe]sg"('?i@ 5005"[] of 1% %SQJJPDQP(!WPWP de
bat h) ; mgghani Ca|a11§ (b &uulnd ﬂltexregermgﬁts‘ﬁfr @NsboPl Hélemﬁed’%&r?&dggm{m@ was
di azoniumsalt solution was a OpWI se over approximtely m nu
whi | e noni t ori ng dorerpe remhaovecrefidddl [aeid; afd tieendvaptim TiereouThe dge maatanﬂhrred
to a crystallizing dish and dried in a vacuum oven, yielding 28 grams. TLC with
mobile phase 2:1 ethyl acetate: hexane showed single product spot, compared with
starting materials. The UV-Vis spectrum in ethyl lactate showed a peak at 355 nm

15 and extinction coefficient of 107 ml/ g.L.

- EXAMPLE 5
Diazonium salt formation:
Ethyl 4-aminobenzoate (57.8g, 0.35 mol) was charged to a beaker at room
20 temperature, along with 233 ml (4 mol equivalents) of 6 N HCl. This mixture was
magnetically stirred at room temperature for 30 minutes, then cooled to 0°C (with
ice / sodium chléride bath). To the beaker was added dropwise a pre-chilled -
sodium nitrite solution (25.5 g, 0.37 mol in approximately 35 mi watei'). The
additioﬁ was exothermic and the ter-nperatureiwas kept between approximate_ly 0-
25 5°C. The reaction was also monitored for excess nitrite using KI paper (potassium
iodide-starch tesi paper); the paper turned immediately dark blue / black in the
pre'sence.of excess n_iﬁit’e. If excess nitrite was present during the addition, the
addition rate waé slowed to allow time for nitrite to regct“wi_th the starting material.

The addition was completed within approximately 30 minutes; excess nitrite should



was stirred at approximately O[err]C for approximately 1 hour. The :
resul ting swbiogh4lgs was vacuum filtered.. The dye was resl ur.rPCu/EPe7/682901 of
IN HG. for 20 m nutes 10 and vacuumfiltered. A final slurry in 500 -
m ~dei oni zed water for 10 m nutes was done _tlcg_rerm've resi dual acid, and

then vacuum filtered. The dye was transferred to a crystallizing dish and
dried in a vacuum oven, yielding 28 grans. TLC with nobil e phase 2:1 ethyl

acet ate: hexane showed singl.e product spgt, conpared th startjng
mat eri al s. - The UbewrreseahQ migies @%tthﬁﬁgqo'm Ht@"%@ﬁ@gk goty @ jadditionalss 110 5

For mat i on:  Ex nyl 00t onaam st sfoulh bg fadeq. HEMipronflrr e ARLUR B dirped

at room 20 It ﬁéﬂ}e&%yfo%imﬁu?rwc%&&&ﬁi%h Hhy €4cdi® hitAivishattatized isifig N
HCO . This mixture was nagnetically stirred at roomtenperature for 30 -

m nut es, then coalpprbximat8lyel m] 6f § WDtwt Yocasjueowsosiilfamic adid soldtionaThis. didzpniume
beaker was added dropwi.se a.pre-chilled sodiumnitrite solution (25.5 g,
0.37 mol ih appr SRit selutipy was maintaipedatiappraxemataly A°CHar a7§§°ER’éﬂ§1@F?HQ!‘- and the
tenperature was kept between approximately 0- 25 5C. The reaction was
al so nonitored for excess nitrite using Kl paper (potassiumiodide-starch

test paper); the he kadctiesl | mediately dark blue / black in the presence -
e. :

of excess nitrit excess nitrite was present during the addition, the
addition rate was sl owslylacetaadetate (4%:8:gf @35 mal), 108 mlpyridinet S0P nth of deionized

starting material. The additjon conmpl et ed wi .t hi, ox{. mat . .
minutes: excess W&tET wWas gﬂ@ﬁd te a be: @k pgargggnatelym ¢ &gep J Soditim c%ll&ldzobath),
PCT/ EP97/ 09280 - 16-. r | e HEdP HeSdi ,
r ot . afd addi 1 Honfigh! SR, totmPhiUlod ind’ piErob Syché A MHelaiof .H_dﬂitéﬁgl_
di azoni um sal t misshution was addédr depwiser oderhapproximatefyp 50 ximates| whitd enonjtGring

after which any excess nitri te was neutralized using approximately 1 m of
a 10 wt % aqueoudempemrtye (SHLTQ) and|pH.| The cqupliag deacsign Wanstirred at approximately

0°C for approximately 1 hour. The resulting solid dye was vacuum filtered. The
dye was reslurried in 500ml 1N HCI for 20 minutes and vacuum filtered. A final
15 slurry in 500 ml deionized water for 10 minutes was done to remove residual acid,
and then vacuum filtered. The dye was transferred to a crystallizing dish 'and-dried
in a vacuum oven, The UV-Vis spectrum in ethyl lactate showea a peak at 355 nm

- and gave an extinction coefficient of 91 ml/ g.L.

20 - EXAMPLE 6-12
Table 1 shows the arylhydrazo dyes synthesized using the synthetic
procedures desciibed in Ex_a;_nples' 1-5 and gives the peak absorption (Amax) and

extinction coefficents (g) for these dyes.



- nol ),
~approximately O[err]C (ice / sodium chloridesath);
and pH probe were added. The diazonium salt solution

S 11

5 aIt sol ution was maintai ned at approxi matel y O[err]C for the
coupl i ng r SHOBBMI3Coupl i ng reaction: Al

100 m- pyridi ne,

stirring, thernoneter,

|yl

10

was added dropw se over approximately 60 m nutes while nonitoring
tenperature (<10[err]C) and pH The coupl iﬂglr?action was stirred at

approximately O[err]C for approximately 1

acet oacet at e (49.BCHEPY/03E80
500 nmMl of deionized water was added to a beaker at
nmechani cal

The resulting solid dye was

vacuum filtered. Th restarri m 500 1 N G and
vacuum filtered. A fina Py sl u‘raﬁyél n 500 m Ji%ﬁ@gﬂf \%K’EV
m nut es.was done to rengve &IIQQQIR UM:e’QQ(LMée acugfipTITUET §¢g |ne dye
was transferred to [ lizin nd dried im a vacuumjoven. The
W-Vis spectrum in ethy? | ,astléoghhyvad)ﬁ, ReaMat 355 nB8xnd gaveogn
extinction coeffici ert—of ALl 20
EXAVPLE 6-12 Table 1 sh%vvs W'mﬁr&zﬁil‘dy—'&lﬂesym hesBde u$i ng he
synthetic procedur es—deger S—ape—gt-ve Fre—peards
absorption ([err] max) a d € 1| n%?PW% Wzé%ml"f? e ?‘71 hes¢ d%@ WO
98/ 14833 R, = COOH Ro= OFL R =Mo
PCT/ EP97/ 06280 - 17- Table 1l Exanore: 2~ OELRs=Me | 353 106
[err]max (nm)  [err] (rm/g IR)1=GCOOER[E{*D)GR\J@EMJ] Ri8ss] =Pve;7oRlerr] =
Me 70 Rlerr] = NQJerr] IRerr]l= OH Rlerr] = M
383 108 8 Rl r] R:m QFteRe = MeR] er erf] =3k 82 301
72 9 'R[err] <R ~ =1 271
14410 Rerr] C%?EF@? OCOGEH:IGH, | 353 106
R err] COCEt, Rlerr] = OX, Rerr] :I\/E 355 79
| EXAMPLE 13
The dyed resist samples were prepared by adding 0.341 grams of each dye
5 from Example 2, 3, 5 to 70 gram of a commercial i-line positive photoresist AZ®
7908 (available from Hoechst Celanese Corporation, AZ Photoresist Products
Division, 70 Meister Ave, Somerville, NJ 08876).
For UV (ultraviolet) film absorbance measurement, each dyed resist sample
was spun coated on a 4” quartz wafer then soft baked (SB) on a hot plate at 90 °C
10 for 60 seconds to a film thickness of 1 pum (micrometer). The resist film thickness
was measured with a NanoSpec® AFT thickness measurement tool. The UV
absorbance of each resist at 365 nm was measured with a Perkin Elmer® Lamda®
4 UV-VIS spectrometer using a blank quartz as the reference. |
“In order to measure the % swing ratio reduction for the dyed resists, each
15 dyed resist sample was spin coated on several 4” silicon wafers and soft baked on a
hot platé‘ at 90°C for 90 seconds to achieve a film thickness of 0.4 - 1.0 um
(micrometers). Resist film thickness was measured with a NanoSpec® AFT
thickness measurement tool. The coated wafers were exposed on a'NIK_ON® 0.54
NA i-line stepper with a NIKON® resoluﬁgn reticle which contained various sizes
20 of lines and space (L/S) pattern from 2 to 0.2 pm (micrometers). A 11x11



12 Rlerr] = OH, Rerr] = Cet, Rerr] =" ~ 375 - 82 X=
" CHerr] CH evopsio@®38CH err] ) CH err] EXAMPLE 13 The dyed r esi sPCIER9V/e280er €.
| prepared by adding 0.341 granms of each dye 5 - fromExanple 2, 3, 5to
. 70 gram of a commercial i-line positive photjgresi st AZ[err] 7908 (avail able
from Hoechst Cel anese Corporation, AZ Photoresist Products Division, 70
Mei ster Ave, Sonerville, NJ 08876). For WV (ultraviolet) film absorbance

nmeasur enent, each dyed resist. sanp| e s spun coated on a 4" quartz wafer
Mo ot baked P ArE RS R0 fheouier ihen post Sxposiss beksd BERI oA 0
a filmthickness ik AP £ G QIELEr Lesi ' i ckness was
nmeasured with a kggr%égéag lgﬂp ﬁ@ﬁ%@d@'ngggur or?gﬁt%‘} a?%%?ﬁds%é&%%g%%m{%'ce
of each resist apudfi® deweloped Withs238% WMAHAMIB! {chétalFioiE freb)2 dBvRldper Moy 70

spectrometer using a blank quartz as the reference. In order to neasure the
% swing ratio resesondvat 23C. t e oinisumesxiposure dose required to clear theadsistefilns at

sanpl e was spin goated on several 4" siljco fers and t baked on_a _hot
e at op o ) st waPoet aaves ool GEths REEHa-ERAGIREG or Bo)g TThe DICH
err]m (m cronet eﬁgm' i ' | r | e
,[AFT %hi f:kness -rreg{sur eelrrjéiﬁttﬁ (ffgegrﬁt.’ %%%é@ggé%\ﬂggrﬂgﬁ%h&g?%é@gﬁ 5%%%9@
0.54 NA i-Iine stiapoidal wutve wadolhfedrwhere ebe)ldiffdrmﬂ:ercﬁttihe|lBTW'ﬁtCﬁheCda§Hg€ﬁtned

various sizes 20 of lines and space (L/S) pattern from2 to O.
[err]m (m cronet Besimum,AEmax, at the registothickpgss3of ca.0.765 um (micrometers)) and

PCT/ EP97/ 05280 - 18- exposure.arra s.printed.on e -waf er and then_post
| exposure baked (EEBTU%@“WN (%I @Fée\é\ff,at ﬁ‘é‘["@?sr?f‘cc?'oé' 6™s Smterﬂ}eof bhe
. exposed wpf ers tBHésdH&WW&%rxfseapfoaialctﬂ%kgdihﬁ &ﬁxglaﬁfgoﬂ%éﬂ ?esé?anXrTHM%H

+ MF (metal ion free) devel oper for 70 seconds at 23[err e mni
- exposure dose r efplioming ¢equatibmar the resist filmat 5 t he best stepper

. Tocus was reported as thg Qo8 RafloL (Binat “Erminy/((Efkx + Eminy/2)) x 100
For reflective notching evaluation, each resist Was coated with a thickness
of 0.974 um on a aluminum wafer, each resist sample was spin coated on a 4”
15 aluminum wafers using a SVG® track coater.  The coated wafers were soft baked
on a hot plate at 90°C for 90 seconds. Resist film thickness was measured with a
NanoSpec® AFT thickness measurement tool. The coated wafers were exposed
on a NIKON® 0.54 NA i-line stepper with a NIKON® resolution reticle which
contained ‘various sizes of lines and spaces (L/S) pattern from 2 to .0.2 pum
20 (micrometers). A 15x21 focus/exposure array was printed on the wafer and then
post exposure baked (PEB) on a hot plate at 110°C for 60 seconds. The exposed
wafers thus produced were spray-puddle developed with 2.38% TMAH MIF
(inetal ion frée) developer for 70 seéoﬁds_ at 23°C. The minimum exposufe dose
_  required to'reproduCe the 0.34 'um (micrometers) liné pattern at the best stepper
25 focus was reported as the dose-to-print (DTP). The resist patterh was evaluated

ona HITACHI®-S§000 SE_M._
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It is clearly seen in Table 2 that dyed resists containing the dyes described.

in Examples 2, 3, and 5 effectively reduce the resist swing ratio and improve

the resist photosensitivity.

EXAMPLE 14

 resolution over highly reflective aluminum substrate without significantly reducing

The dyed resist sample was prepared by adding 1.24 grém,of the dye from

Example 1 to 200 grams of a commercial i-line positive photoresist AZ® 7820

(available from Hoechst Celanese Corporation, AZ Photoresist Products Division,

70 Meister Ave, Somerville, NJ 08876). A swing curve for AZ® 7820 and the

dyed AZ® 7820 was generated by the same method described in Example 13. The

dye of this example effectively r_edu(:ed the resist swiﬁg ratio by. 18%.

Table 3 |

-Sample Dye Emax ~ Emin %Swing | % Swing

(m¥/em®). | (ml/cm?) | Reduction
AZ® 7820 None 153.42 122 28 | 0
Dyed AZ® Example 1 | 224.19 18591 | 18.67 18
7820 B | |




from Control 1 S None™ | THIS QHEET HAS | 170 - L
.. [err]0. 34 [\Wolob/iusis Exanpl e] 2 - REPQA@E) 6.06 - - . PCIGEPYT/05280

| 0.32 [err]m3 Exampl e 3 -O—48~ 3. 10 205 0.34
[err]m 4 Exanpl e 5 0.48 4, 64_20_ 210 0.32 [err]lm

It is clearly seen in Table 2 that dyed resists containing the dyes
described in Exanples 2, 3, and 5 effectively reduce rati o
and inprove 5 resol ution over highly reflecti ve“mulrmnmlusmwm

wi t hout signifi cERAMS:educi ng the resist photosensititvity. EXAVPEE 14 The
dyed resist sanple was prepared by adding 1.24 gram of the dye from.10
Exanple 1 to 200 grams of a commercial i-line positive photoresist AZ[err]
7820 (avail abl e fjrom I;ioz,gg file PRAbRNEIE donipositiohi ¢ A)rﬁ&gph@taﬂfrﬁ:&u&t oPraofiligt s
Division, 70 Meister Av Somerville, NJ 08876). a@fg curve for AZ[ g{grj]

| 7820 and the dyeforAihg resin, 7:82@hmactg5newmpwdb)a saleent
| in Exanple 13. The dye of this exanple effectively reduced the resi st SW ng

| ratio by 18% 15structure, - Tabl e 3 Sanpl e

Dye Emax Em n 6w ng % Sw (mi/cnferr]) (ml/cmerr])
{ Reduction AZ[err] 7820 ‘None & 122 22.82 .
{ O Dyed AZ[ err] Exampl e 1 224.19 185.91 18. 67 18 7820

% -20 - CLAIMS: 1. - A positive photoresist c¥nposition conprising an
{ adm xture of a filmformng resin, a photoad¢tive conpound, a solvent and a
{ dye conpri sing -

R)

where A, and A, are independently an electronwithdrawing group,
R, is H, (C)-Cio)alkyl, (C1-Clo)all<_oxy, nitro, halide, cyano, aryl,lalkylaryl,
alkenyl, dicyanovinyl, SO,CF;, COOZ, SOsZ, COZ, OZ, NZ,, SZ, sozz,.
NHCOZ or SO, NZ,, where Z is H or (C;-Co)alkyl, -
Y is a conjugated moiety N=N, CW=CW, CW=N, or N=CW, where W is
H, (C;-Cio)alkyl or (C1-Cio)alkoxy, and

m= 1-5.
2. The photoresist composition according to claim 1, where the dye comprises
a structure;
(0 o
Rz)]\("\Rs
_ 'Y
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the structure
CNZ, W{)esm‘}ssss Herr] -(Cerr]

[err] where Alerr]

SQerr]CF[err]
Sqerr]NZ[err]
COO- al kyl

Tyano, aryl, alkyl arg

7, QZ, NZperrl], .”SZ SQerr]Z NHCOZ or
M"mﬂﬂm‘lﬁl C[err] C[err])al kyl; or Alerr]
err]) CHerr]; Yis N=N m:15 and

R2 and R3 are |ndepende

CO(C[err]
Zis Hor

-C[err])'al ky
(derr]-derr

al Whersr B Lﬁyrggg p%glr ﬁ;\@%y &j@z(%r 10 alk%[xg,r rn]rtz'c? ! r‘fﬁfé%’

alngi’z 18&3[&1’ plikeny D iftyhAdyimAl SGFCR! g@?@%&;‘?c&er e
conposi tion accordi ngozomz,asmﬂozmeoz o%[SﬂszZaaMer%[Eler o@(@l-Cm)alkyrl
i ndependently CN or CNz, where Zis H or \r,‘]‘5 C[errb)%lky
=Ny gamﬂwolwheret

phot or esi st conposi ti b’nlseacmllﬁatﬂﬁ moiety ai

Is selected froma gr _ en ycol nono-al kyl et her,
net hwjggrj? ,(@:@%‘%&@d butyl acetate, anyl

propyl ene gl ycol
acet at e,
et her acetate,

- 3-et howqariqor onate et hyl | actate, ethylene glycol nonoethyl

ethyl lactate, and m xtures thereof: 4. The conposition

of claim1, wherein the photoactive conpound i s present in an anount of

from about
an anmount from
sol vent conpone
claim1, wherei

to about 35 wei ght percent, and t novqQl.ak resin is present [
about 89 antreflseiine CRIRRSItipAracHe 5&&1 ﬁﬁasbdwtﬁrewén fishA. are

b NG TRl T SR o o

4.  The photeresist composition aceording to claim 1, wherein the organic

solvent is selected from a group consisting of Ipropylerte glycol mono-alkyl ether,

propylene glycol methyl ether acetate, 2-heptanone, butyl acetate, amyl acetate,

ethyl-3-ethokypropionate, ethyl lactate, ethylene glycol monoethyl ether acetate,
ethyl lactate, and mixtures thereof, |

.S, The composition of claim 1, wherein the photoactive compound is present
in an amount of from about 1 to about 35 weight percent 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.

6.  The composition of claim 1, wherein the dye in the photoresist composition
ranges from about 0.25 weight percent to about 5 weight percent of the total

weight of the photoresist composition.

7. ‘The composmon of claim 1 further comprising one or more. additives
selected from a group consxstmg of colorants, levelmg agents, anti-striation agents,

plasticizers, adhesion promoters, speed enhancers and surfactants.
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. substituted pol yhydroxy F%h&%?esis@écompés
. image on a substrate, “whi Eh co

. ranges -from about 0.25 wei ght percent to about ‘5 wei ght per_ceht_ of the
.t ot al - wei ghwooBnuagsa AR ition. 6. The conpoPCaVERY7/0528¢| ai m
1 further conprisi ng? mwmim}”mﬂm Ei_v'es sel écted froma group consisting

of colorants, leveling agents,warti ~Striaties_agents, plasticizers,
adhesi on pronoters, speed enhancers and surfactants. 7. The
phot oresi st conposition according to claim1l, wherein the photoactive

conpound is a reaction, product, of .a di azonaphf hoqui none sul f onyl resi-dué,
and a phenol i c r8si dudhe ghotoresish compesitignoaccording i elaim 1.owhereinghephetoaetive

7 oo R e 7 SRR B e i

eny :

ol i goners, and npbdnaliesesiduer eof 9. The photoresi st conposition according
to claim 7, wherein the naphthoqui none sul fonyl residue is selected from
a group consisting of 2,1,4- diazonapht hoqui none sul fonyl, 2,1, 5- :
di azonapht hoqui ngne silfa . or mxtures thereof,k 10.. _Th hot oresi st., -
conposi tion acco?’di nglf_k‘ﬁ_@‘&ﬂ'?ﬁ’si,ﬂﬂ?é’r“'é‘f’ﬂ atcﬁ‘_érdf’gspnglag“ a%_’ H&Fg?‘ﬁﬁg? gpplic o
The phot or esi st FERESIs! s@edF R A9grofip Catising: of RRNEhA bR BeARRLAl
resin is an acid catal ysed condensation product of an al dehyde an onee%‘r
mor e subst i t ut edmplithydtaxyphenplatkanes, pligholic oligmmers,cindrmaixtuses thergofisi-t i on
according to claim1, wherein the resin is pol yhydroxystyrene. 13. The
phot oresi st conposition according to claim1, wherein the resinis

G5 g VUSRI, BRG] 3

i
npri ses: a strate w

© positive phot or esdphthoyaitions i sulfony! fresiduc insélected from a group consisting of 2,1,4-

- diazonaphthoquinone sulfonyl, 2,1,5- diazonaphthoquinone sulfonyl, or mixtures

thereof.

11.  The photoresist composition according to claim 1, wherein the resin is a

novolak resin,
12.  The photoresist composition according to claim 11, wherein the novolak
resin is an acid catalysed condensation product of an aldehyde and one or more

substituted phenolic monomers.

13.  The photoresist composition according to claim 1, wherein the resin is =

polyhydroxystytene.

14.  The photoresist composition according to claim 1, wherein the resin is

substituted polyhydroxystyrene.

15. A method for producing a photoresist image on a substrate, which

comprises: | |
a) coating a substrate with a positive photoresist composition from claim 1, _
R o THIS SHEET HAS BEEN
| REPLACED _ is Sheet Has Been Replaced
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b) -heat treat| ng the coated substrate until substantially all_of said

sol vent coWP®8#8Bn i s renoved, ¢} ——inmagew se exposing t he KoHERR]/0S280

phot oresi st conposition to actinic radiation; d) renovi ng the imagew se
exposed areas of saullmmlﬂuﬂ) ltﬂH& st e@position with a devel oper, and
e) optionally, ate either before or after the renoving
step. 15. The method 6f &l alm 14 *further conprising heating said coated

substrate from te o e k. from
about 30 second ”ﬂgétairgﬁt@g seco s@ggb%ragg%ﬁ @;e% or aﬂf%ﬂ% é{)%gg vent
m nutes to about 40 Eompbsition 13 ramovedn after the exposure step but before
the devel.oping step. 16. - The method of claim 14 further conprising
heating sai d coS)ed imageviseexpasing thecaatadnhoteresist qomnesition te ackrdc mllaiimm

150[err] C for abput 30 second tq about 180 seconds-" oR 2 g gte or for
from about 15 mPhut e£*PY Mo ’ﬁagﬁvﬁﬁﬁ PPN e P! aFY ‘ﬁg dBURIPESISh g

step. 17. The net hggmggs,ﬁg,ﬁwqm%ev@(@ﬁ]&egmthe exposure step i.s conducted
wi th radiation having a wavel ength fro out 180nmto about 450nm 18. .

The method of clepi m bgtiondilys ksating tiee sisbstedto pitheribefore onafterthe rethdving step.
sol ution. 49. The nethod of claim 14, wherein the devel oper I S an aqueous
sol ution of tetranethylamoni um hydrOX| de.

16.  The method of claim 15 further comprising heatmg said coated substrate

from a temperature of from about 90°C to about 150°C for from about 30 seconds
to about 180 seconds on a hot plate or from about 15 minutes to about 40 minutes

in an oven after the exposure step but before the developing step.

17.  The method of claim 15 further comprising heating said coated substrate at B
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.

18. - The method of claim 15, wherein the exposure step is conducted with

radiation having a wavelength from about 180nm to about 450 nm.

19.  The method of claim 15, wherein the developer is an aqueous alkaline

solution.

20.  The method of claim 15, wherein the developer is an aqueous solution of

tetramethylammonium hydroxide.
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