21 OcT 2005 Description Photoresist Conpositions Conprising Acetals and
Ketals as Solvents 5 Field of the Invention This invention relates to

phot oresi st conpositions and to a process for formng an image on a
substrate utilizing said photoresist conpositions. 10 Background1o8CT 12805

I nventi on Photoresi st conpositions are used in mcrolithography processes
for making mniaturized el ectronic conponents such as in the fabrication
of conputer chips and integrated circuits. CGenerally, in these processes,
a thin coating of film of a photoresist conposition is first applied to a
substrate material, such as silicon 15 wafers used for meking integrated
circuits. The coated substrate is then baked to evaporate any solvent in

t he photoresist conposition and to fi geg&_w%tigﬁati ng onto the substrate. The
phot oresi st coated on the substrate iS next subjected to an inage-w se
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m ni aturization of sem conductor devices has led to the use of new
photoresists that are sensitive to | ower and | ower wavel engt hs of
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the substrate. The photoresist coated on the substrate is next subjected to an

image-wise exposure to radiation.
The radiation exposure causes a chemical transformation in the exposed

20 areas of the coated surface. Visible light, ultraviolet (UV) light, electron beam and
X-ray radiant energy are radiation types commonly used today in microlithographic
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 photoresist.

25 The trend towards the miniaturization of semiconductor devices has led to
the use of new photoresists that are sensitive to lower and lower wavelengths of
radiation and has also led to the use of sophisticated multilevel systems to
overcome difficulties associated with such miniaturization.

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

30 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

soluble to such a solution. Thus, treatment of an exposed negative-working resist



coating and the creation of a negative image in the coating, thereby
uncovering a desired portion of the underlying substrate surface on which
t he photoresist conposition was deposited. 5 On the other hand, when

posi tive-wor ki ng photoresi st conpositions are exposed inmage- ﬂ?e0¢P

radi ati on, those areas of the photoresist conposition expose 0 hgm5
radi ati on becone nore soluble to the devel oper solution (e.g. a
deprotection reaction occurs) while those areas not exposed remain
relatively insoluble to the devel oper solution. Thus, treatnent of an
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OCT 20( 15 photomask to the substrate with a high degree of image edge acuity after
exposure and development. In many manufacturing applications today, resist
resolution on the order of less than one micron are necessary. In addition, it is

20 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 resist coating translate into accurate pattern transfer of
the mask image onto the substrate. This becomes even more critical as the push
toward miniaturization reduces the critical dimensions on the devices.

25 It is desirable and advantageous to have photoresist compositions that
result excellent photospeed properties, depth of focus and sidewall profile
geometries. Especially for thick film resists (e.g., >20 micrometers (um)), fast
photospeeds are desirable. The present invention provides such photoresist
compositions.

30 U.S. Patent Nos. 4,294,909 and 4,356,252, inventor Lee, issued Oct. 13,
1981, and Oct. 26, 1982 respectively, discloses a photosensitive element which

~ comprises a support bearing a layer of negative-working tonable photoimaging

composition comprising at least one organic polymeric binder (a), a



phot osensitizer (b) which generates an acid upon absorption of actinic

radi ation, and at |east one conpound taken fromthe group of H |
-OR-CO R (c) OR3,, OR3 R2 H(d) 5 as defined in the patents, binder
(a) being plasticized by the deconposition product of either 26nﬂ6ﬁn@m{c)
or (d) or the conbination thereof. The photosensitive elenent is useful in
maki ng col or proofs. Japanese patent application JP9031044, inventor

At sushi, Sumtonp 10 Chemical Co., discloses that to solve the probl em of
producing an azi de-based photosensitizer capable of shortening the

filtration t 'pﬁBto‘éér‘id‘tlz%r Ql‘S)Yﬁ/h%h JEnér18s an acil ggorgéﬁédfpﬁ%rﬁﬁﬁb@ﬁnl@i'acﬁatbhgh
reactional rate Eé using 1, 3-di oxol ane without any problemin safety as a
a

reactional s@ndah staor@ﬁ%mnwdﬂawhfgorﬁﬁ@@nqueoﬁydroxy| group (e.g.
2,3,4,4," - tetrahydroxybenzophenone) is cq;ndensed with a 2 15

napht hoqui none di azi de-4- or a 2- nthh? ne di azi de- 5-sul fonyl halide
(e.g. 1, 2-naphthoqui none di azide-4 aphthqu|none

di azi de-5-sul fonyl chloride) in a sol ven1R cont @:)nl ng 1, 3- dioxolane to
afford a napht hoqui none di azi de-based photosensitizer. The reaction is
preferably carried out in the pr eserfPRaof QRbase and triethylam ne, etc.,
are used as the base. The base is prefejlably used at 1.05 20 1.3 nol ar
ratio to the 1, 2- napht hoqui none di azilRg- 4 tbr é 2- napht hoqui none

di azi de-5-sul fonyl halide. Summary of the Invention The present invention
provi des & phot oresi st conposition conprising: a) at 25 |east one film
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The present fnven rovi es a conposition conprising a
Japanese patent application JP9031044, inventor Atsushi, Sumitomo

10  Chemical Co., discloses that to solve the problem of producing an azide-based
photosensitizer capable of shortening the filtration time with a crystal having a
large grain diameter at a high reactional rate by using 1,3-dioxolane without any
problem in safety as a reactional solvent, a compound having phenolic hydroxyi
group (e.g. 2,3,4,4'- tetrahydroxybenzophenone) is condensed with a 2-

15 naphthoquinone diazide-4- or a 2-naphthoquinone diazide-5-sulfonyl halide (e.g.
1,2-naphthoquinone diazide-4- or 1,2-naphthoquinone diazide-5-sulfonyl chloride)
in a solvent containing 1,3- dioxolane to afford a naphthoquinone diazide-based
photosensitizer. The reaction is preferably carried out in the presence of a base
and triethylamine, etc., are used as the base. The base is preferably used at 1.05-

20 1.3 molar ratio to the 1,2-naphthoquinone diazide-4 or 1,2-naphthoquinone

diazide-5-sulfonyl halide.

Summary of the Invention

The present invention provides a photoresist composition comnprising: a) at

25 least one film forming resin selected from the group consisting of novolak resins,
and polyhydroxystyrenes; b) at least one photoactive compound or photoacid
generator; and c) a solvent composition comprising at least one solvent selected

from the group consisting of acetals and ketals.



pol ycarbonate resin and a sol vent conposition conprising at |east one
sol vent selected fromthe group consisting of acetals and ketals. The
present invention also provides a process for imging a photoregist
conposition, conprising the steps of: a) coating a suitable subéﬂr@@%iﬂﬁth
any of the aforenentioned photoresi st conpositions; b) baking the
substrate to substantially renove the solvent; c) inmagew se irradiating
the photoresist film and d) renoving the i magew se exposed or,
alternatively, the unexposed areas of the coated substrate with a suitable

devel oper. 10 Det qthé presBRERUEMRIONIsOprovides I Mfbresiat ddtfpdditRhedmpridid | on
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ntd@qmp%gllpqybcompnsmg at least one solvent selected

Novolak resins of the present invention are those that have been commonly
used in the art of photoresist manufacture as exemplified by "Chemistry and
Application of Phenolic Resins", Knop A. and Scheib, W.; Springer Verlag, New

20  York, 1979 in Chapter 4.

The novolak resins typically comprise the addition-condensation reaction
product of at least one phenolic compound with at least one aldehyde source. The
phenolic compounds include for example cresols (including all isomers), xylenols
(such as 2,4- and 2,5-xylenols).

25 Aldehyde sources that can be used in this invention include formaldehyde,
paraformaldehyde, trioxane, acetaldehyde, chloroacetaldehyde, and reactive
equivalents of these aldehyde sources. Among these formaldehyde and
paraformaldehyde are preferable. In addition mixtures of two or more different
aldehydes can be used. _

30 The acid catalyst used for the addition-condensation reaction includes
hydrochloric acid, sulfuric acid, formic acid, acetic acid, oxalic acid, p-
toluenesulfonic acid and the like.

The polyhydroxystyrene can be any polyhydroxystyrene, including single

polymers of vinylphenol; copolymers of vinylphenol and an acrylate derivative,



21 OOT 2Mb acrylonitrile, a nmethacryl ate derivative, nethacrylonitrile
styrene, or a styrene derivative such as al pha-nethyl styrene ,

p- met hyl st yrene, o-hydrogenated resins derived fromsingle polyners of

vi nyl phenol ; and hydrogenated resins derived from copol yners&#f OCT 2055

vi nyl phenol and the above-descri bed acrylate derivative, 5 nethacrylate
derivative, or styrene derivative. Al so, substituted polyhydroxystyrenes,
in which the hydrogen atonms of sone of the hydroxyl groups in the original
pol yhydr oxyst yrene have been replaced with al kali-solubility- suppressing

groups, can BerfdhithirDla) metRsbrylStC Qe dtdk] Mhé&*lbhﬁrbre ssnpwn@s Drg stEemeips
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POy ERTBR ey B3¢ forSxliprl IR G oot JeB i dod Gerofiogetts. ek °"
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s oy bl BRENS! S7ogbs Aelr e R HLeBHR Sz Srauns. oF rrgRisil o -
met hyl benzophripee, 2, 3, 4, 4’ -tetrahydroxybenzophenone 2,2'4,4" -

t et rahydr oxybenzo henone entahydroxybenzophenone 2,3,4,2', 4" -
pent ahydr oxy- benzﬁ%é’HBW@Cf"’f QOWPQ"G@ U‘ﬁéﬁﬂﬁﬁhyﬁﬁffﬁgb@nﬁ%m%" be any

2,4,6,3 4 5omB6WHI§’6vQ¥Y@BQZ.@8ﬁfPf&%e |ﬁ"ﬁ’1t6’re§st40@mpd‘sltoﬁs Preferably it |s
hexahydroxybenzophenone 30 (b) Pol yhydroxy hengl al kyl ket ones such
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1,2- naphthoqumonedla2|de 4 sulfonyl chloride with a polyhydroxy compound
having 2-7 phenolic moieties and in the presence of basic catalyst.
Preferably, the number of the phenolic moieties per one molecule of the
20 polyhydroxy compound used as a backbone of PAC is in the range of 2-7, and
more preferably in the range of 3-5.
Some representative examples of polyhydroxy compounds are:
(a) Polyhydroxybenzophenones such as 2,3,4-trihydroxybenzophenone, 2,4,4-
trihydroxybenzophenone,  2,4,6-trihydroxybenzophenone,  2,3,4-trihydroxy-2'-
25 methylbenzophenone, 2,3,4,4'-tetrahydroxybenzophenone, 2,2'4,4-
tetrahydroxybenzophenone, 2,4,6,3',4'-pentahydroxybenzophenone, 2,3,4,2',4-
pentahydroxy-benzophenone, 2,3,4,2',5'-pentahydroxybenzophenone,
2,4,6,3',4',5'-hexahydroxybenzophenone, and 2,3,4,3,4'5-
hexahydroxybenzophenone;
30 (b) Polyhydroxyphenylalkylketones such as 2,3,4-trihydroxyacetophenone, 2,3,4-
trihydroxyphenylpentylketone, and 2,3,4-trihydroxyphenylhexylketone;
(c) Bis(polyhydroxyphenyl)alkanes such as bis(2,3,4-trihydroxyphenyl)methane,
bis(2,4-dihydroxyphenyl)methane, and bis(2,3,4-trihydroxyphenyl)propane;



bi s( 2, 4-di hydr oxyphenyl ) met hane, and bi s(2, 3, 4-tri hydroxyphenyl ) propane; 5
21 OCT 2005 (d) Pol yhydroxybenzoates such as propyl

3,4,5-tri hydroxy-benzoate, phenyl 2,3,4- trihydroxybenzoate, and phenyl
3,4, 5-trihydroxybenzoate; (e) Bis (polyhydroxybenzoyl)al kanes o021 GCT 205
bi s(pol yhydr oxybenzoyl )aryls such as bis(2,3,4-trihydroxybenzoyl) net hane,
bis (3-acetyl-4,5,6-tri hydroxyphenyl)nethane, 5

bi s(2,3,4-tri hydroxybenzoyl ) benzene, and

bi s(2,4,6-trihydroxybenzoyl)benzene; (f) Al kylene di (pol yhydroxybenzoat es)
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trihydroxy-3,5,3',5'-tetramethyltriphenylmethane, 4,4',3",4"-tetrahydroxy-3,5,3',5'-

tetramethyltriphenylmethane, 4,4',2",3",4"-pentahydroxy-3,5,3',5'-
tetramethyltriphenylmethane, 2,3,4,2',3',4'-hexahydroxy-5,5'-
20 diacetyltriphenylmethane, 2,3,4,2',3',4',3",4"-octahydroxy-5,5-
diacetyltriphenylmethane, and 2,4,6,2',4',6'-hexahydroxy-5,5'-

dipropionyltriphenyimethane;

(m) Polyhydroxy-spirobi-indanes such as 3,3,3',3"-tetramethyl-1,1'-spirobi-indane-

5,6,5',6'-tetrol,  3,3,3'3'-tetramethyl-1,1'-spirobi-indane-5,6,7,6'6',7-hexol,  and
25  3,3,3'3-tetramethyl-1,1'-spirobi-indane-4,5,6,4',5',6'-hexol;

(n) Polyhydroxyphthalides such as 3,3-bis(3,4-dihydroxyphenyl)phthalide, 3,3-

bis(2,3,4-trihydroxyphenyl)phthalide, and 3'4',5',6'-tetrahydroxyspiro(phthalide-

3,9'-xanthene);

(o) Polyhydroxy compounds described in JP No. 4-253058 such as alpha, alpha’
30 alpha"-tris (4-hydroxyphenyl)-1,3,5-triisopropylbenzene, alpha, alpha', alpha"-

tris(3,5-dimethyl-4-hydroxyphenyl)-1,3,5-triisopropylbenzene, alpha, alpha’, alpha"-

tris (3,5-diethyl-4-hydroxyphenyl)-1,3,5-triisopropylbenzene, alpha, alpha’, alpha"-

tris (3,5-di-n-propyl-4-hydroxyphenyl)-1,3,5-tri-isopropylbenzene, alpha,

alpha',alpha"-tris(3,5-diisopropyl-4-hydroxyphenyl)-1,3,5-triisopropylbenz ene,



30 al pha"-tris (4-hydroxyphenyl)-1,3,5-triisopropyl benzene, al pha, alpha',
al pha"- tris(3,5-dinethyl-4-hydroxyphenyl)-1,3,5-triisopropyl benzene,

al pha, alpha', alpha"- tris

(3, 5-di et hyl - 4- hydr oxyphenyl )-1, 3, 5-trii sopropyl benzene, al p?ﬂ,f)@' 113

al pha"- tris (3,5-di-n-propyl-4-hydroxyphenyl)-1,3,5-tri-isopropyl benzene,
al pha,

al pha' , al pha"-tris(3,5-diisopropyl -4-hydroxyphenyl)-1,3,5-triisopropyl benz
ene, 6 21 DcT 2 al pha, al pha',

al pha"-tri s(3jppadi - n- but hydroxy y i enzene,
2 pha, al phaﬁpﬁa] h _”?ﬂgr(még* hysir o _ﬁl?ﬁé’ t'rr%()?]%iar-rg?bufy“‘rhz/ﬁﬁfX?WényB

triisopropyl rb%qu@cnébergppq),a alrg]aphglpha alpha ?ﬁs 3- methyl-4 hydroxyphenyl) 1,3,5-
al pha"-tris(gs . t " pha,
al pha', al phgtf %Ht?)trrl —geﬁz | hy%ky er’ly %h%tgsg ’@%?Wégﬁy}cﬁ’g@i éeﬁ?éﬁ%,&s
2,4,6-tri s(3trﬁscmr epizene,hy dalpgiphealpha’ hi oalphalris(d4dihytegphenyl)-1,3,5-

1-[ al pha- ge m{ ﬂp%‘%érz‘% 2%/gfémng&abﬁ#8tﬁ§|f1|¥h}dré‘>z)1pﬂleﬂﬂﬁﬁorﬁétﬂﬁ%ééﬁy%%ﬁ"

hydr oxypheny
1-[al pha met hla[ahIphé-pi&lh)(l&lpHay(df’-hxdrphm’qdn)/le)emyll]]4 [8lphdal pha, alpha'-bis(4"-

oo RN et AL T St S
ﬁ- ([jal phah rret Mﬁaﬁl Iafpaz'( S ( ﬁrtﬁnymxyephepﬂl)?bghyl](bgpzenet h1 [aIpZ:I:] methyl-alpha-(3',5'-
roxyphenyl,) e -4-T al pha a' _-bis(3 - oxy-4' - , ,
yelr oy phony B A hisrmueRvdbbenzent,a. el ap kGalpha- (G methoxy-4-
.di Eygr oxy@Eehydrb@t;jﬁysrynéhﬂphwmaa'ﬁlma' - bi Is( 4 f -bis(3'-methoxy-4'-
- hydr oxyphe e enzene. er exanpl es of o0-qui nonedi
pho%/oact?/\ee BMW%EW‘?’&E@@&EE%M%S& ggﬁiu produc a‘e?a-mf@m iP?‘Pégl’ﬁs with
an o- qui n0nedlh§éﬁ0§1§)fféh&f)@tﬂ¥lh-4 [éléh@l*’dléﬁd@%@ TRRSFEX Jtpheﬁﬂ;awl]beﬁzafeoducts

(al so called cappe novol a e used instea ui nonedi azi d
esters of pol yhyd?He) € %d%f d}’qlﬂlg%féPQ'@?'d%o?ﬂﬂt‘Pﬁﬁ“N@nc?rﬁé‘Pmst Anclegfrer ous
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one such exanpl e phot oaci d generator (PAG present invention
can be ahy Ptorige kTrln@m qopdengatign mpdmcﬁar(glsgkcra"aduqappﬁ@ nevelak$lamay shbeysef ul

i n phot or esi h [
rocess for b e, bf B4pindiaiaPlu@ysuaR SR ofipodhds , | SRR
anplified re@mb:eatlm&mtrPANugm@mbl 3. |I§mentsr®§prjba;euqh oqrpedi ravolakech as

absorption o{J é |FgaQtN8r5 %@ﬁ]p@%le lugh ar% d formation, and, in addition,

governs the pioperties” uce such as aC|d 25 strength,

mobi lity, or vol aﬁh—:’ Prlltlato %%feHEra?ﬁ%AC%rofbtﬂEL})rggﬂt ihVEREOR 'K h M %E}?spa : <

negat I ve-working c ied resists 1nclude 1onic oni
particul 20| yknqvwdtmbmnmfsandtr@rx)skl&m fhemartithad a8 tseful inlphotaresist compositions.

non- nucl eophb})‘bcplgyrg Qﬁ]ﬁnééﬁa%‘t rgl)@tin the imaging process for both positive-working and

negative-working chemically amplified resists, because PAG governs light
response properties, such as absorption of light or quantum yield of acid formation,
and, in addition, governs the properties of the produced acid, such as acid
25 strength, mobility, or volatility. Useful PAGs for both positive-working and
negative-working chemically amplified resists include ionic onium salts, particularly
iodonium salts or sulfonium salts with strong non-nucleophilic anions (U.S. Pat.
No. 4,058,400 and U.S. Pat. No. 4,933,377), for example, hexafluoroantimonate
and trifluoromethane sulfonate (U.S. Pat. No. 5,569,784) or aliphatic/aromatic
30 sulfonates (U.S. Pat. No. 5,624,787). In addition, many non-ionic PAGs producing
the above mentioned sulfonic acids have been described for both positive-working
and negative-working chemically amplified photoresist materials (U.S. Pat. No.
5,286,867 and U.S. Pat. No. 5,338,641). Further, certain hydrogen halide



No. 4,058,400 and U. S. Pat. No. 4,933,377), for exanple,

hexaf | uoroanti nonate and trifl uoromethane sulfonate (U.S Pat No.

5,569, 784) or aliphatic/aromatic 30 sulfonates (U S. Pat éﬁ 87) .

I n addition, many non-ionic PAGs producing the above nentloaédo riic
aci ds have been described for both positive-working and negative-working
chemcally anplified photoresist materials (U S. Pat. No. 5,286,867 and
U.S. Pat. No. 5,338,641). Further, certain hydrogen halide 7 21 OCT 2Th
produci ng PAGs have been suggested for advantageous use in negative-worKking

chemi cal l'y aB’RJduEFnQCPA@§ h§¢/é b@éh §ug§’@stted hp-advarB8ediPlse A& WG al | Y

used in chem call ot Or esi st c?&ggomtlons As such, the

phot or esi st CReJRisa gggwllqglfreg;ﬁ@ (b--8sBak NonOHIWiNA).cRAGsera tymieatly uged jn
anpl i fied pheﬁé’rﬁﬁﬁﬂ?tamélllf%‘a”%'téréggt dsfiofd. @ REGsudire ¢ ﬁfebﬁdtéggcycl e

ketal s of the present vent conposition I nclude both ac I C an
compounds. | noron@smmboﬂ‘thmmesenhmvmy@m ican dese pathemmicalyt amplified phgieresisht ed

by the fo mJ B%i 10 wherein RL and R2 are independently
hydr ogen or a %&naé%ﬁmgr up o to about 10 carbon atons, and in one

enbodi nent 1 to 5_carbon atons; nd and R4 are mdependentl
hydr ocar byl gr oupgh%@cqta{%aa%diﬁala@fctaﬁ tﬂfﬁs%ﬂtO?Pé"e”érﬁ?mﬂoﬁ't'ﬁﬂé”@H%dﬁ%nt 1

to 5 carbon ab@iE andckd %@bémSexwm{éeém%d.mplthé abyclieOABRA t ket @ Ul i N
the present invention are di met hoxymethane and di et hoxyet hane. As used

herein, the fepresentsrb\obgfeMUBubstituent” or "hydrocarbyl group" is used
inits ordinary sense, which is well-knowi,to thgogse skilled in the art.
Specifi- cally, it refers to a gRGUP‘h@QRr%)‘aOC‘aRbon atomdirectly attached
to the regai nder 20 of the nolecule and having predom nantly hydrocarbon
character. Exanples of {1 ydrogar byl groups include: (1) hydrocarbon
substituents, thavhergin R anhRf jage (r@egendeﬂﬂxwd@gealqe@H}Mdyocar%xl 6P ic

(e.g., cycl OfH kndut 1@y€e{r9@ﬂ eI, JardiUR Driet ARBEEmeAnd té‘%%ﬁ?’f)bﬁ atondd; a‘?ﬂaﬁa c-,

and alicyclic- sy stituted aromatic substituents, as yclic
subst i t uent sanh&r @reringspendently iyydrasaguyirgrasips @f t1HDcﬁ!P@Ht 40 carhkon qj@msa and of

the mol ecul e gnd emotiinertiiSh 5Rich BRARL Nawd Brfrmtl BkhAKRS! & 4@ieal )

15 compounds useful in the present invention are dimethoxymethane and
diethoxyethane.

As used herein, the term "hydrocarby! substituent" or "hydrocarbyl group” is
used in its ordinary sense, which is well-known to those skilled in the art. Specifi-
cally, it refers to a group having a carbon atom directly attached to the remainder

20 of the molecule and having predominantly hydrocarbon character. Examples of
hydrocarbyl groups include:

(1) hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl),
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-, and
alicyclic-substituted aromatic substituents, as well as cyclic substituents wherein

25 the ring is completed through another portion of the molecule (e.g., two
substituents together form an alicyclic radical);

(2) substituted hydrocarbon substituents, that is, substituents containing
non-hydrocarbon groups which, in the context of this invention, do not alter the
predominantly hydrocarbon substituent (e.g., halo (especially chloro and fluoro),

30 hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso, and sulfoxy);

(3) hetero substituents, that is, substituents which, while having a

predominantly hydrocarbon character, in the context of this invention, contain other

than carbon in a ring or chain otherwise composed of carbon atoms. Heteroatoms



(2) substituted hydrocarbon substituents, that is, substituents containing
non- hydr ocar bon groups which, in the context of this invention, do not
alter the predom nantly hydrocarbon substituent (e.g., halo (/iqﬁgeuly
chloro and fluoro), 30 hydroxy, alkoxy, nercapto, alkylnercaﬁf 2008
nitroso, and sulfoxy); (3) hetero substituents, that is, substituents

whi ch, while having a predom nantly hydrocarbon character, in the context
of this invention, contain other than carbon in a ring or chain otherw se
conposed of carbon atons. Heteroatons 8 21 OCT 2005 include sul fur, oxygen

ni trogen, aan@OWSoﬁwéﬁt lrﬁtt@éhs aaa @Wohﬁié'ss Jupktituentst 44 ‘delyI amily|
i m dazol yl . eneral , no referably no nore than one,

non- hydr ocar Hb‘?{%é%%tm‘f’aé%" \)\H‘SP"?@‘ apé%%rﬁtth%tw%\Pé?fﬁrapb'm%mfowaapaﬁs in

the hydr ocahbuh%/%@monté{msﬁ@bhvwmt b@r;ﬁeyédtlfob@véw t@ﬁrbd?MSH AEMD M the
substituents in hydrocar byl group. In one efbodi nent, the cyclic

acetal or kehydrogcarbyl groudiwypisaly. therg witk bepiunen- hVWOQﬁQOBrﬂb'BéﬁltH@H{S inthee ring

conmpound 53 F‘ﬁ‘% % y the formula 10 wherein R1-R4 are |ndependently
hydr ogen, dr ocar groups of 1 to about 10 carbon atons, and nis 1,
2, 3, or 4 In anlnegp@c¢rab¢qupﬂbft§sreyphermmlnemtketad he ac4-l membest g or

ey o B e MBI BB By R,

sui tabl e photoresist solvents. Useful photoresist solvents include, but
are not limted to, ethyleneglycol nongnet i'byl et her, ethyl enegl ycol

nonoet hyl et her, propyl ene glycol m)n&m }f§/ et her (PGVE) ethyl eneglycol
nonoet hyl ether acetate, propylenegly QI(C)a, kyl ether acetate (such as
propyl enegl ycol nethyl ether acetate c()PGIVEA Q propyl enegl ycol propyl ether

20 acetate), nethyl benzene, dinethyl be met hyl et hyl ket one,
2- hept anone, ani sol e, 3-nethy|-3-nethox utanol, cycl ohexanone,
et hyl - 2- hydr oxypropi onate (ethyl |actgit’e ‘REL)), ethyl-2-hydroxy-2-nethyl

propi onate, ethyl hydroxyacetate, 2- hydroxy-3-nethyl butanoate,
met hyl - 310ret hoxypr opi onat e, et hyl - 3- et hoxy pr opi onat e,

R e R A e P e
propi onat e. ddrbe® a@ngsind @ YENLS dray beaméepieciauwméferredlermhdahém, (He i n
combi nation éychc acteta Forrﬂetal IS ?% cW)ona Qhers).
The solvent composition in addition to the presently claimed acetals and
15 ketals can also comprise at least one suitable photoresist solvents. Useful
photoresist solvents include, but are not limited to, ethyleneglycol monomethyl
ether, ethyleneglycol monoethyl ether, propylene glycol monomethyl ether (PGME)
ethyleneglycol monoethyl ether acetate, propyleneglycol alkyl ether acetate (such
as propyleneglycol methyl ether acetate (PGMEA), propyleneglycol propyl ether
20 acetate), methylbenzene, dimethylbenzene, methylethyl ketone, 2-heptanone,
anisole, 3-methyl-3-methoxybutanol, cyclohexanone, ethyl-2-hydroxypropionate
(ethyl lactate (EL)), ethyl-2-hydroxy-2-methyl propionate, ethyl hydroxyacetate, 2-
hydroxy-3-methyl  butanoate, methyl-3-methoxypropionate, ethyl-3-methoxy
propionate, ethyl-3-ethoxypropionate, methyl-3-ethoxy propionate, methyl
25 pyruvate, ethyl pyruvate, butyl acetate, and propyleneglycol monomethylether
propionate. These organic solvents may be used either individually or in
combination (i.e., as mixtures with others).
In one embodiment, the photoresist composition is capable of forming

photoresists having a resist film thickness of 1 to 100 micrometers (um), and in

30 one embodiment, 10-90 pm, and in one embodiment 20-75 uym, and in one



I n one enbodi ment, the photoresist conposition is capable of form ng

phot oresi sts having a resist filmthickness of 1 to 100 mcroneters (m,
and in 30 one enbodi ment, 10-90 m and in one enbodi nent 20-7 1nggﬁ9@§|n
one 9 21 OCT 2 enbodinent at |east 30 pm and in one enbodi nen

50 pm In other words, the present photoresist conposition is useful for
formng thick film photoresists. The present invention also provides a
phot or esi st conposition conprising a 5 polycarbonate resin and a sol vent
conposition conprising at |east one solvent selected fromthe group

consi sting ofenibtrliréntr sneasti Smach, apelt idl sheaBmblsainng. atTlegstpsd yaar lnomﬁee
resin may be any polycarbonate resin, including a honppol yner

copol ymer of Worfsnéig Rsesastt aphaiegsishqompasiion; & é#séﬁﬂﬂitfpb foﬁﬁ'ﬂgcm‘%rﬁ'ﬁ'ﬂe
prepared by rp@,@gotrégpgsan aromati ¢ di hydroxy conpound or a mxture 10 of the
aromati c di hydroxy conpound and a small anmount of a pol yhydroxy conpound
wi t h phosgene or éheﬁ%ﬁenbmve@ﬂqsbampw@s aBheipresisb sermpesitian canprisiigat

No. 6, 359, 02?) B/Jc arbionale fesf %H@td Eglqgﬁlyégn?&é(%y ol oxygh Ieast one s%vent

bi s(hydr oxya kanes suc pr opane( =bi sphenol
A, 2,2-bis( 3e@cthdtfro:omﬂxe49r0m5 chpsistingyqf e gloygmentioned acetalsaamﬂmbalbl sphenol

D B S4TI9y BN Bl <

2, 2- bi s( 4- hy domopoBrrest bry |qobelyiiey pmfopameearlpft bres¢tied thermoplastic aromatic
butyl-4-hydr X nyl)pr ne, . . .

2. 2-bi s(4- hyﬁpﬁggﬁgﬁg@ﬁ?rﬁg&ﬁg|blgl{8ﬂ§}|n)gpqrb%rgﬁatlc dihydroxy compound or a mixture
2, 2- bi s( 30br ofthd- d;mdramxy@hmmky mbcrrwuad é?ndZ-doisa(ali amduth bb rap pblyRQ@droxy

hydroxyphenyl ane s(3 drox phen I pane I s(3-
Cyc! oneyl -+ hGaPlaY St Aposar o A0SteY of grBoe AL 85 iseioRer i b SnERAT

et hane or bm&i@:ﬂmﬂnmnyphenyl)dlphenylnethane

bis(hydroxyaryl)c al kanes s ch as 1, 1- dr oxyphen ycl pentane
or 1,1-bis(4- hydr Bﬁeﬁfy Magg 4! wﬁgneompavrr@%ddbﬁ%éwéﬁ}v)eé%/qf@rssS% RS as

4, 4 - di hydr ox%y,- SISWWbX)@hBﬁyI J%paﬂwe@—b.@bﬁéﬁ@r oxy Ap 3,32 zib@@twibebrﬁaanyl
ether di hydr oxy-di ary es such as 4, 4'-di hydroxy- di phenyl sulfide

or 4,4 - dﬁhyaw@pyy@egryt)eroaaﬂﬁytqwaﬁmp'sgnﬁmqld/é) bﬁ(ﬁﬁﬂ&xyphﬁ%Methane
sul foxi des S‘1°1hb|§§1 ﬁycﬁoxyyheuﬁyémﬁed' phfﬂlblis(é-‘ﬁlyﬁr%&&ﬁ?engf butane, 2.2-bis(4:

4, 4" -di hydr oxy-3 di et h enyl ‘sul'foxi de; oxy-di aryl sul fones
such as 4,4’ hudnwmfmwl)o@amnenw Rig(4fhydeoxyr3- methylphenyl)propane 11bIS(3-t-

4, 4" -di hydr05Mfy§4§1ydﬂix%ﬁw)grlo$gﬁ9,yl §}E-Bl9{h@hyd?8fv-9,glﬂnﬂ%n?l’phenyl)propane,

2,2-bis(3-bromo-4-hydroxyphenyl)propane, 2,2-bis(3,5-dichloro-4-

20 hydroxyphenyl)propane, 2,2-bis(3-phenyl-4-hydroxyphenyl)propane, 2,2-bis(3-

cyclohexyl-4-hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl)-1-phenyl ethane or

bis(4-hydroxyphenyl)diphenylmethane; bis(hydroxyaryl)cycloalkanes such as 1,1-

bis(4-hydroxyphenyl)cyclopentane  or 1,1-bis(4-hydroxyphenyl)cyclohexane;

dihydroxy-diaryl ethers such as 4,4'-dihydroxy-diphenyl ether or 4,4'-dihydroxy-

25 3,3-dimethyldiphenyl ether; dihydroxy-diaryl sulfides such as 4,4'-dihydroxy-

diphenyl sulfide or 4,4'-dihydroxy-3,3'-dimethyldipheny! sulfide; dihydroxy-diaryl

sulfoxides such as 4,4-dihydroxy-diphenyl sulfoxide or 4,4'-dihydroxy-3,3'-

dimethyldiphenyl sulfoxide; dihydroxy-diaryl sulfones such as 4,4‘-dihydroXy-

diphenyl sulfone or 4,4'-dihydroxy-3,3'-dimethyldiphenyl sulfone; hydroquinone;

30 resorcin; 4,4'-dihydroxy-diphenyl; or the like may be exemplified. These aromatic

dihydroxy compounds may be used singly or in the form of the mixture thereof.
Among them, 2,2-bis(4-hydroxyphenyl)propane is preferred.

In addition, branched polycarbonate resins can be obtained by using a

polyhydroxy compound such as fluoroglucine, 2,6-dimethyl-2,4,6-tri(4-

10



30 resorcin; 4,4'-di hydroxy-di phenyl; or the |like my be exenplified. These
aromati ¢ di hydroxy conpounds may be used singly or in the formof the

m xture thereof. Among them 2, 2-bis(4-hydroxyphenyl)propane is preferred.
In addition, branched pol ycarbonate resins can be obtai ned by @§iﬁ§7éﬂ5

pol yhydr oxy conpound such as fluoroglucine, 2,6-dinmethyl-2,4,6-tri(4 10 21

LET 2M hydr oxyphenyl) - 3- hept ene, 4, 6-di net hyl

-2,4,6-tri (4-hydroxyphenyl)-2-heptene , 1, 3,54ri(2-hydroxyphenyl)benzole

, 1, 1, 1 -td(4-hydroxyphenyl)ethane, 2,6-bis(2 - hyd roxy-5-nethy |

benzyl) - 4- neh Hoxy;iH’éﬁS)gJB—HHptéhe@' ) a"4,deirﬁé’chPN21,ﬂ,@?‘M(thb}ypﬁeﬁ I$2-heptene,

triisopropyl benzene; 3, 3-bi s(4- hydrox%;ar1y ) - oxi ndol e =i sat 1 n- bi sphenol ) ;
5 5 chl or oi sdt3.%rim2-dyaeyphenybbenzgleyh| bl oli-id-hndnexyhisemgethane,  2,6-bis(2-

ol yoar bonat L AOREBTGhyotyl L hfeiionol 1 5 P il 8V R GIRANLIHN-1,3.5¢

avai | abl e coffieancopyitenzase;” mgbiﬂ(@hyd@esm{)ﬂpxbdolsayéFisaﬁwngh@mqlbni 5t n one
pol ycar bonat SO HisKRER D5 Gt Rin MphBhel Chrcoitelin didphent o,
10,000 to 6(hedd@ Optional ingredients for the photoresist conpositions

oLl Ssent R RLIASE Sen =

| evel i ng agents, I Cciz e cers,

sol vent s andbasshos Bi§phahAs aldilabte bommiendially asi"Makdoon 's26081i fedm Bayebe

added to the _solutjon of the filmformn resin, selnsitizer ?a\ﬂ %%I vent
okt EViw)

before the plOIRATAQs:IN opgRIRAdimen: the ‘ﬁ%ﬁ'ﬁ‘@i’e{ﬁﬂedna eculghwe Rl es

of dye adggli t pyI9sarbbRdte ¥88/n Pehgesdebnt 2060 fL100/06d) ahBn oRé ehibodmdit, 10,000
conpositions of the present invention include Methyl Violet 2B (C. 1. No.

42535), Crysiaf0.%WBlet (C. 1. 42555). Malachite Green (C.1 . No. 42000),
?)f'ngt ?(r)' taeﬁo Bl ue Gpfidnal -in?l‘édieﬂ’é)%? RBd phisidkdsht E%ﬂﬁn%ésﬁidns ohOtheS Pight at
percent weight |evels, based on the conbined weight of the film
form ng resi MvaRten _si@_ﬁ@%@i Lelorantie  dyes, ad@itsiNASON heAgeniss oVeveling n@geaised
At - st ati BasTeRy SRR PromBERS ekl EnRingard SolfShls P eRRIHELEY
based 255 onas mendaidisHeactarts ghichfmay defaddedftorthe 1sglutiesiof then filns éergiing zer .
i (bt a chim s ens et B vt e prforEa RifhodRBATE WBeled BT
| evel s, basesulstratehe Exarbplesdofwdyeg additfves hihat may be used together with the
photoresist compositions of the present invention include Methyl Violet 2B (C.I. No.
42535), Crystal Violet (C.l. 42555). Malachite Green (C.I. No. 42000), Victoria
20 Blue B (C.I. No. 44045) and Neutral Red (C.l. No. 50040) at one to ten percent
weight levels, based on the combined weight of the film forming resin and
sensitizer. The dye additives help provide increased resolution by inhibiting back
scattering of light off the substrate.
Anti-striation agents may be used at up to a five percent weight level, based
25 on the combined weight of the film forming resin and sensitizer. Plasticizers which
may be used include, for example, phosphoric acid tri-(beta-chloroethyl)-ester;
stearic acid; dicarnphor; polypropylene; acetal resins; phenoxy resins; and alkyl
resins, at one to ten percent weight levels, based on the combined weight of the
film forming resin and sensitizer. The plasticizer additives improve the coating
30 properties of the material and enable the application of a film that is smooth and of
uniform thickness to the substrate.
Adhesion promoters which may be used include, for example, beta-(3,4-
epoxy-cyclohexyl)-ethyltrimethoxysilane; p-methyl-disilane-methyl methacrylate;

vinyl trichlorosilane; and gamma-amino-propyl triethoxysilane, up to a 4 percent

11



filmformng resin and sensitizer. The plasticizer additives inprove the
coating 30 properties of the material and enable the application of a film
that is smooth and of uniformthickness to the substrate. Adhesion
pronmoters which may be used include, for exanple, beta-(3,4 - 27 0CT 2005
epoxy-cycl ohexyl Yethyltrim ethoxysilane; p-nethyl -disilane-nethyl

nmet hacrylate ; vinyl trichlorosilane ; and

gama- am no- propyltriethoxysilane, up to a 4 percent 11 2 1 VCT 2Mb wei ght
| evel , based on the comnbi ned weight of the filmformng resin and

sensi tizer. LRydhtOBVENbaEBECsh &RBagsRbiRed hadighRYf fie UARA forifihd! d8sin 8hd
exanple, picric acid nicotinic acid or nitrocinnamc acid up to a 20

percent wei gRENJIEARE| DeVB@EB@”b?PQQﬁ’ee’E@ﬁﬁ‘Prﬁéﬂatv@?)gh? uged inglide; TomexamRieng
resin and sepghitizgy - nlaaﬂﬁﬁ:eaéded?hﬂi%&ﬁﬁarﬁl@n%ld Ap! tBCE %Sﬁer%ﬁt \ﬁé]bh‘tbfek/élty Of

t he photoresist coating In expose unexpose areas, and
they are usebased Qpﬁhemﬁmﬁﬂ weight %ﬁ@@lnmffomn@lreﬁ:mrmﬂ senstiger. oThese d| ng

consi der ati o b f

whi |l e thegex%ofs?%@%ar eas &ﬁﬁﬂgésgﬁ%%gﬁé@IIQY%ghé@%tMSt &%’ﬂadhsdsoglﬁved rmre
qui ckly by tlsap@@deambemexpmdspr@ad anthdhoee ghey lare alsetb in 14pplicatxms awhern ger

| oss of phot r e The,s e

present int odvéilrdaq%%ﬂ)gr)ﬁrf%‘(t)sltﬁ?@&l’gﬁﬁ”@n %ﬁﬁqt%éfe%gg thcﬁh%hgsg)gﬁl eo&égi\'eg%ﬁt of
the solids i cottrest omytmessddrificed; $el, wehiledhe ekpmdrareasaofethembmresﬁtlmbtn)g
renoved after of, the photores on a, supbstrate
subsequent deﬁ d?@h eldon)Ee HFIXCQYa ed{ayé? @‘%ép?@eﬁnﬁ qeﬁd’é'" 4]%9
exanpl e, 105 nanad@taegmx(yssmﬂpy\@&irwétmmeﬂugfromttheméxpdseﬁyak@:h;enoxy et hanol at

to 10% i ght_| b t b h. f the f
o e cond TS ESVSis PRt st aiEe BYOE! chrppbeRin S apiasphbt it oy "

i mgi ng a pheg QB%SIWtwe@ﬁﬂWShéléénds wwnélcfdmsttubﬁ ssenentf ‘of agoukstataréng a
suitabl e substrate with th 20 af grenenti oned phot or esi st corrp05| tion

conprising t ﬁ'ébsrt%ﬂtﬁmgem@é%a@%n oating of waﬂﬂereﬁksbﬁﬁ'ua%gnawhj rgte 3ol ak

resins, and e@&ééaméﬁtoawmbyrmﬁ@mctmac%@%ﬁma\y%é:eé&qﬁadd@rfopa%rﬁgrél d
gener ator; and t he sol vent conposli t1on conprising a | east one sol vent

sel ected18r oﬁ@rﬂmetj\oasmwwﬁmy@nﬁﬁgy)oﬁthae% eﬂcéylmﬁﬂoxxe@taa@ol ah upatd 1§% he
substrate toyg Hjﬂft@ﬁé abéé’ ég AR E&ﬂbﬁ%bvwe ht o thaﬁﬂﬁm‘ﬂﬂf&ﬁm ;?gf rbih aghqt i ng

t he phot or esi st and renovi ng the | nagew se expose
al t er nat i vel gensitizer.unexposed areas of the coated substrate with a suitable

The present invention also provides a process for imaging a photoresist

composition, comprising the steps of: a) coating a suitable substrate with the

20 aforementioned photoresist composition comprising the forming resin selected

from the group consisting of novolak resins, and polyhydroxystyrenes; the

photoactive compound or photoacid generator; and the solvent composition

comprising at least one solvent selected from the group consisting of acetals and

ketals; b) baking the substrate to substantially remove the solvent; ¢) imagewise

25 irradiating the photoresist film; and d) removing the imagewise exposed or,

alternatively, the unexposed areas of the coated substrate with a suitable
developer.

The present invention also provides a process for imaging a photoresist

composition, comprising the steps of: a) coating a suitable substrate with the

30 aforementioned photoresist composition comprising the polycarbonate resin and

the solvent composition comprising at least one solvent selected from the group

consisting of acetals and ketals; b) baking the substrate to substantially remove

the solvent; c) imagewise irradiating the photoresist film; and d) removing the
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devel oper. The present invention also provides a process for inmaging a

phot oresi st conposition, conprising the steps of: a) coating a suitable
substrate with the 30 aforenentioned photoresi st conposition conprising

t he pol ycarbonate resin and the solvent conposition conprisin@ ht00Te2f8 one
sol vent selected fromthe group consisting of acetals and ketals; b)
baki ng the substrate to substantially renove the solvent; c¢) iInmagew se
irradiating the photoresist film and d) renoving the 12 21 OCT 2 i magew se
exposed or, alternatively, the unexposed areas of the coated substrate

with a sui tahh@géiﬂy@b%@d ofN&itePhathvRNL Thed in HQYTBES hidalQbf G coe@BbtRfL t O
the substrate conventional nmethod used in the photoresist art,

i ncl udi ng di Wh@gswtgblleé&gvgl@per 5 whirling and spin coating. Wen spin
coating, for examphe,p rﬁﬂﬁeélé’ls'céi;npﬁglltﬁﬁ' %”aBﬂléﬂthd‘sthédsstirEter %’@pgﬁ% to

t he percentage of soli content, I1n order to provid coating
desired thi cm@@tm@ﬁ'v@ﬁtmﬁeus%én dhe sphaieresigt é?cqﬁul lp@l‘é@lﬂg mlpplnge@p@ymg, t he

amount of st Whirhld S G Soaltl? WHGRUGHOBERGERS oipleA Yl P Sb P Bar

i ncl ude SI|IC resin I oXl
silicon di ox bd@,djt§t6d witn respenti torthd@emmtawl ofrﬁohd@pqment pobrger o provide a

ceram os. al WL SOPREN.IH HIYRES:. SRR U oe Y 3BMIG AU ALIS]ISHERE ouP

I'1''N conpounds oresi's 03| t1o oat'ed over
antireflecti the amamtrq:j tin¥enellqwest tmr&h;e spmnmgnmem&ssor&uqabmmmsdate} in¢lede
descri bed prOfedur cul ar e. for j.cation. to @hernally

are |
grown sili cont"§?M lanmwno)poblgwe@g @% f' C?/Qa QF(@G gggtgd)gngccg} gloél[dler PYEY i n
t he producti aitrids, taﬁta:lumpcopm,smlysum oéﬂaarcsmalmahmmlcbﬁplen mb@geatgmhum rcuit

conponents. An aJ um ﬂ waf er e used. The,.
Subbtrate mgens SBh B SUhhUE 1B VRpPundEsTRe Phaldsa Gpmposiion
transparent ply\as Ise Soitéd aﬁermiafﬂﬁéfﬁ;’cﬁve &'dsuz.ngubstrate may have an

adhesi on pronot edEhl ayer of a suitable conpo such .as one containi ng

hexa- 20 al kyl § RbaioEesist £aDpRASHIONG W@Qb\?ﬁé{ HylthﬁldﬁSPﬁQ%@"t% are The
phot or esi st paBaaIY SADISSF aBpRANIEH1S el RinaifbonAiidoh BdidAédied

substrate is heat treated unti subst anti al Ci; of the solvent is
removed. 1§ n waters.epibdicfedre, utlized i &g meeducien taf emichepreeessers @ndt ether

| nvol ves heahifatufisy FREYSR SHOR'GRigonahis?, AFTERRHALHAURIAR) 698! Rarb0C

for from 30 seconds t 0 25 seconds on a hot plate or rom 15 to 90
m nutes i n acavalseche vaedvelkhe Fubhsirate may also cornprlse various polymeric resins,

especially transparent polymers such as polyesters. The substrate may have an
adhesion promoted layer of a suitable composition, such as one containing hexa-
20 alkyl disilazane, preferably hexamethyl disilazane (HMDS).

The photoresist composition is coated onto the substrate, and the coated
substrate is heat treated until substantially all of the solvent is removed. In one
embodiment, heat treatment of the coated substrate involves heating the coated
substrate at a temperature from 70°C to 150°C for from 30 seconds to 180

25 seconds on a hot plate or for from 15 to 90 minutes in a convection oven. This
temperature treatment is selected in order to reduce the concentration of residual
solvents in the photoresist composition, while not causing substantial thermal
degradation of the photosensitizer. In general, one desires to minimize the
concentration of solvents and this first temperature treatment is conducted until

30 substantially all of the solvents have evaporated and a thin coating of photoresist
composition, on the order of one microni in thickness, remains on the substrate. In
a preferred embodiment the temperature is from 95°C to 120°C. The treatment is
conducted until the rate of change of solvent removal becomes relatively

insignificant. The temperature and time selection depends on the photoresist
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tenperature treatnent is selected in order to reduce the concentration of
residual solvents in the photoresist conposition, while not causing
substantial thernmal degradation of the photosensitizer. In general, one
desires to minimze the concentration of solvents and this fi23t0CT 2005
tenperature treatnent is conducted until 30 substantially all of the

sol vents have evaporated and a thin coating of photoresist conposition, on
the order. of one mcron in thickness, remains on the substrate. In a
preferred enbodi nent the tenperature is from95C to 120C. The treatnent is
conduct ed unprdperties desireddly thearsge axf wshlagdhé eqeipmesnt ubed and comehercialel y

I nsignificanty,._. ure and tine selection depends on the
phot or esi st me%ﬁ%%gﬁgﬁé%gdesired by the user, as well as the equi pnent

used and comrer ci Ghé ycoatkeks isubstrateatamdhén rbes .expdeedc tmtatinisu kxdiatmne eeqn t hen
be exposed to actinic radiation, e.qg. radi gLion at. a.wavel e h of from
100 nm t o 4563‘ﬁ?ann%tl%H’Pﬁﬁ'e!‘g‘ﬂi‘?{ér‘{"gégom,?0 3565‘”1 I“r‘flé‘%{“@s'é' n@géé@% Bv (248
nm ArF (393line438v6mfdedpl6V (203 nhﬁ)dir&ghgm)n) and Y152 ha radiatidisd R-raypn
beam or | aser I‘?dl tion, |g any desired pattern, roduced?{oj% uae of

sui tabl e nmasEECrAR pEAMy 4N bernRy; Ipser radighipay BsanytesiredrRatieh RPEYREd- Bt ed

W th the pho{gs 8pésifabRATREE, hegativies, Stéfdis O3hiphiiéd, leyc. subj ected to a post
exposure second baking or heat treatnent, either before or 10 after
devel opment . The HeasPhyrate moates withdhemhotaragjat eerppesitian s thesoeptiongie

preferably fgaubdBlGotepdstOpodite i%%hg [t%#q oPRefARH LR ditRér befera 30

seconds to 2 mnutes, nore preferabl 0 seconds to 90 seconds on a
hot plat@ offtgudevslomnentnuths hegting rRre Ay, ramge feom $9ed to 150°C,

phot or esi st - fRAL BbreBR i 180% f 11! ORREMAINGFRY B bhifaucley fofReR 34 se
exposed areas (positive photoresists), or the ufexposed areas (negative
phot or esi st specandsitenZemiiutes, inmorgrprefekably fronmded secgrdsgtosy] se¢amds @n a hot

devel oped by d %EEIW S he solution is preferably
agitated, fgrgtezggﬁdpﬁoe%\/@b%m tr o%og{r\{ggur S?Ve-aﬂgi tation. The substrates are

al | oned to renai nThen expdseddehaddrepist-ceated Isubstraten rares uleselaped &b Irgmavé theof t he

phot or esirl t Icoé;itei_n% ha)% di soleved 20 itfvr or‘v)‘ht ?)?%sﬁ%%o.sed ol un@(xBoes(ﬁg [ Las.
Devel ope c YR YPGaE %Qf& ods a§ol(‘3|cﬁ s P8 hi Um '6‘? KB et s?
hydr oxi des. (@egajivefphotaesistgllr by ilemersionetn aaretatidline adevetopimg hotlitiori de.
ARG K ERACRCE T MR
for example, by nitrogen burst agitation. The substrates are allowed to remain in
the developer until all, or substantially all, of the photoresist coating has dissolved
20 from the exposed or unexposed areas. Developers can include aqueous solutions
of ammonium or alkali metal hydroxides. One preferred hydroxide is tetramethyl
ammonium hydroxide. After removal of the coated wafers from the developing
solution, one may conduct an optional post-development heat treatment or bake to
increase the coating's adhesion and chemical resistance to etching solutions and
25 other substances. The post-development heat treatment can comprise the oven
baking of the coating and substrate below the coating's softening point. In
industrial applications, particularly in the manufacture of microcircuitry units on
silicon/silicon dioxide-type substrates, the developed substrates may be treated
with a buffered, hydrofluoric acid base etching solution. The photoresist
30 compositions of the present invention are resistant to acid-base etching solutions
and provide effective protection for the unexposed photoresist-coating areas of the

substrate.
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I ncrease the coating' s adhesion and chem cal resistance to etching

sol utions and 25 other substances. The post-devel opnment heat treatnent can
conprise the oven baking of the coating and substrate bel ow the coating's
softening point. In industrial applications, particularly inét 2005
manuf acture of mcrocircuitry units on silicon/silicon dioxide-type
substrates, the devel oped substrates may be treated wth a buffered,
hydr of | uori ¢ acid base etching solution. The photoresist 30 conpositions of
the present invention are resistant to aci d-base etching solutions and
provi de effective protection for the ExaMpegsd photoresi st - coatlng areas of

w11 provi do det af DEofag APRpe eI Wil eIt S5 RS GRGLPHET SR e -

utilizing corpgsdds éﬂiro@umﬁ@@n@ﬁ!ﬂﬁﬁﬁ@ cbimpesitibiNof thegseser® ivERti6F Fheséot
I nt ended, however, limt or restrict the scope of the invention 5 in

any way and §ﬁ@ﬂP'&Srﬁ5‘P ngkintensied, Devew. ﬁSPr'tSW ar rRstrich e s¢ape<of thainyeptien s or
val ues whichmisy W dild bhddl nBKBLUSNELE) b8 RoEhg NN | ERahbRrPbESENt

i nvention. Unless Otherw se specif parts and percents are by
wei ght, all valypewhiarmeyst berilized a&@m%@y wrﬂegtoauéctmrthe arasepbingentionr
wei ghts are ygidiat &gﬁl RyesH gp! es
of a thick res?stg 0\}\/@%@[ pr [?acr eg 2 b Sp?‘éfgétj ggkgn ow | ﬁégﬁ %i}erﬂﬂ\&agﬁnpl e A
the resist waee rradéegrgeagcanttgy@ﬂe;aand eall groleciareveighs | arei weltpaverage a
portion of tﬁ?olécgulla\f m/as replaced with 1, 3-di oxol ane (a cyclic acetal
whi ch can e Lhdensation of for mal dehyde with 1, 2-ethylene diol).
Tabl e 1 ilagredi entsSaan e ASarrpI e B Nexamale Resin*42. 17 g42.17 ¢
Phot oacti ve Conp EENEA 52, 41 6.
1. 3- di oxol ane- - - ?f'\(vg_ € _%f fh.lI%(t%FIf w& Br&pare%sas &eplaed below in Table 1.

In Sample A, the reS|st was made using a typical resist solvent while in Sample B,

a portion of the solvent was replaced with 1,3-dioxolane (a cyclic acetal which can

be made by condensation of formaldehyde with 1,2-ethylene diol).

15
Table 1
Ingredients Sample A  Sample B
Novolak Resin* 42179 4217 g
Photoactive Compound** 5429 05429
PGMEA 52.41¢ 36.17 g
1,3-dioxolane ™~ ———eeeeee 14.24 ¢g
Total 100 g 100 g

*condensation product of formaldehyde with 47.8% p-cresol, 42% m-cresol, 5.6% 2,4-xylenol and 4.6% 2,5-xylenol under
acid conditions (available from AZ Electronic Materials, Clariant Corporation as "Alnovol SPN 400")

20 **95% tris sulfonate ester of 2,3,4-trihydroxy benzophenone with 2,1,5 quinone diazide sulfonyl chloride (available from
Clariant Corporation as "PW 2484")
PGMEA= propylene glycol methyl ether acetate

Silicon wafers were coated to the same nominal coating thickness of 65 pm

25 and were exposed at 365 nm through a positive photomask. The wafers were
then developed with a tetramethyl ammonium hydroxide developer and the images
were analyzed. Sample A required 4000 mJ/cm2 for optimum resolution while
Sample B could be exposed in only 1500 mJ/cm2 showing almost a 2.5 fold
increase in photospeed. Both resists could resolve 50 um contact holes under the

30 same conditions.
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.condensati on product of formal dehyde with 47.8% p-cresol, 42% mcresol,
5.6% 2, 4-xyl enol and 4.6% 2, 5-xyl enol under acid conditions (avail able
fromAZ Electronic Materials, Cariant Corporation as "Al novol SPN 400") 20
'95%tris sulfonate ester of 2,3,4-trihydroxy benzophenorie wWethOBT 1208

qui none di azide sulfonyl chloride (available from Cariant Corporation as
"PW 2484") PQVEA= propyl ene glycol nethyl ether acetate Silicon wafers were
coated to the sane nom nal coating thickness of 65 pm 25 and were exposed
at 365 nmthrough a positive photonmask. The wafers were then devel oped with
a tetranethyl ammoni um hydroxi de devekapgle 2and the images were anal yzed.
Sanmpl e A required 4000 m)/cn? for optimumresolution while le B could
be exposed in onl# nfg@*l)’en%‘}t'é‘ﬂﬂ’@m)’ﬁﬁ'ﬁbw% PERRared QOTBP?rdﬂthhel%\tnE%mP

phot ospeed. Robf T8l ¢ SbGRUL nggmi \earR8rd BofRAt %gé.nep'tﬁé tHﬁdSém B 30
same conditions. 15 21 le 2 A negativé actin ot or esi st was
prepar ed conpmtaln@gtaweor@@rmpf the s&mteeplacadfb Gtdioxplarisp ae stlgwngp Takle 2
standard § g‘tg agai nst the test Sanple B containing a portion of the

sol vent repl aced by 1, 3-di oxol ane, as shown in Table 2 5 below. Table 2

| ngr edi ent sSanpl e ASarrpI e B Novol ak Reiable;zg 7 939 79 (sarre as Exanple 1)
DML- POP*1.3 g1.3 g Cyne : g PGVEASO. 8

g35.8 g 1, 3-di oxol anel5- 08 (Foo =2+ 1 S gd=2 g Tot al 10091009
10 *2,6 dimethylol-4-(1,1 , thyl Buty) ph I(cross Iinker;
from Honshu Chem 1Ind.) (R® ’??HJSB} bt hy yl nel amine (cross |inker; from
Cytec Industries) DM'—'POP 139 39
Cymel 303** 6.2g 6.2g
DR-249%** 08¢ 0.8g
PGMEA 50.8¢g 35.8¢g
1,3-dioxolane =~ = -——-- 16.0g
Megafac R-08 (10%)**** 129 129
Total 100 g 100 g

*2,6 dimethylol-4-(1,1,3,3-tetramethyl butyl) phenal (cross linker; from Honshu Chem. Ind.)
** hexamethoxy methyl melamine (cross linker; from Cytec Industries)
*** Oxime sulfonate salt {photoacid generator; available from Clariant GmbH)

10 *** Flourinated surface active agent (avaitable from Dainippon Ink Corp.)

Wafers were coated at 30 uym dry coating weight onto silicon wafers. The
wafers were exposed through a negative mask using a broad band exposure unit.
Sample B showed about a 15% faster photospeed when compared to Sample A.

15 The side wall profile of the imaged lines for Sample B was straighter and closer to

vertical when compared to the lines evident with Sample A.

Example 3
Positive resist samples were prepared with mixed solvent systems. In

20 Sample A, the control sample was prepared with a mixture of standard resist
solvents while Sample B contained 1,3-dioxolane as a portion of the solvent

system, as shown in Table 3 below.

25
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Oxi me sutfonate salt (photoacid generator; available fromd ariant GrbH)
"" Flourinated surface active agent (avail able from Dai ni ppon Ink Corp.)
Wafers were coated at 30 pmdry coating weight onto silicon wafers. The
waf ers were exposed through a negative mask using a broad band Zk@E3utiss
unit. Sanple B showed about a 15% faster photospeed when conpared to
Sanple A 15 The side wall profile of the inaged |ines for Sanple B was
straighter and closer to vertical when conpared to the |ines evident with
Sampl e A. Exanple 3 Positive resist sanples were prepared with m xed
solvent systens. In 20 Sanple A the crapmlg® sanple was prepared wth a
m xture of standard resJMoJ#_e.n-t_s_u.hJ_Leéa.rq;Le_B_cgn-t_aJ_n-ed 1, 3-di oxol ane
as a portion of the salven Redients ho2ample A ample B ow, 25 16 21
UCT 2005 Tabl e 3 I ngredi entNe® I%eSﬁSarrpl e B2ldvw! ak 08 21.0 g21.0 ¢
(Sane as Exanple 1) 10% &¥ame a$ E4ampledi)hydroxy 9.5 g9.5 g benzophenone*
Phot oacti ve conmpound 4.10%40R ot Asdinydrexy Exarpbg 1) PERBAR0. 3 g20.3 g Et hyl
| actate24.0 g------ 1, 3-di benzopheldndd g *Sensitizing dye Sanples were spin
coat ed ont o hexanet hyl dPmitdbactimeeompeandcd Sil4.2gn 5 wdfzegs at about 1 pm
t hi ckness and were exposéhmdaobEgamplepisi tive photomask at 365 nm Opti num
exposure for Sanple B was 5%P@sbExx than thaR0f3oqg Sam2®e3 gA. | n addition,
Sanpl e B i mages had an i npr @&tiedladtgieh of foce4.00f about-B-3 pm

1,3-dioxolane -——- 2409

*Sensitizing dye

Samples were spin coated onto hexamethyl disilazane treated Silicon
5 wafers at about 1 um thickness and were exposed through a positive photomask
at 365 nm. Optimum exposure for Sample B was 5% faster than that for Sample

A. In addition, Sample B images had an improved depth of focus of about 0.3 pm.

Example 4
10 Polycarbonate resins have limited solubility in many typical organic

solvents. In a coating application for these resins the only other viable solvent was
n-methyl pyrolidinone (NMP). Solutions (containing 0.7% solids) of a commercial
polycarbonate resin (Makrolon™ 2608, available from Bayer Corporation) were
made in NMP and 1,3-dioxolane respectively. Sealed vials of the solutions were
15 stored at 50°C. and were sampled for viscosity vs. time. Whereas the solution
made with NMP changed in viscosity from about 60 cst (mm?%sec) to <40 cst in

about a week, the sample prepared in 1,3-dioxolane remained unchanged.

Example 5
20 Polycarbonate composition (solutions of Makrolon™ 2608 in 1,3-dioxolane

or NMP) from Example 4 above was coated onto glass substrates and were
imaged with high energy ionic radiation (e.g., as disclosed in the following
references: 1) "Etched heavy ion tracks in polycarbonate as template for copper
nanowires", Toimil Molares, M.E.; Brotz, J.; Buschmann, V.; Dobrev, D.; Neumann,
25 R.; Scholz, R.; Schuchert, 1.U; Trautmann, C.; Vetter, J. Gellschaft fur
Schwerionenforschung-GSl, Darmstadt, Germany. Nuclear Instruments &
Methods in physics Research, Section B: Beam Interactions with Materials and
Atoms (2001), 185, 192-197; 2) "Scanning force microscopy of heavy-ion tracks",
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Exanpl e 4 10 Pol ycarbonate resins have limted solubility in many typical
organic solvents. In a coating application for these resins the only other
vi abl e sol vent was n-nethyl pyrolidinone (NWP). Solutions (conéaiBin%gg.7@6
solids) of a comrercial polycarbonate resin (Mkrolon' 2608, a¥di Peb)

from Bayer Corporation) were mnmade in NVP and 1, 3-di oxol ane respectively.
Sealed vials of the solutions were 15 stored at 50C. and were sanpled for
viscosity vs. time. Whereas the solution nmade with NMP changed in
viscosity fromabout 60 cst (mMmR2/sec) to <40 cst in about a week, the

sanpl e preparekerranh, 3; Grafstrbame St;eNelizegdMyrtamged R. ER@ithanrh Q0Vetter,

Pol ycar bonate c osi ti (sQlutions of krolon'" 2608 in 1, 3-dioxalane
or NWP) fromﬁEx'grrr’gqré - g%iﬁ'/e erﬂﬁ?gﬂrsgﬁt 08%'1”?%%“3 W&Ves%ﬁ@?\/\ghe
i mged with DegdtteBelidky(1908), Cl26eHMRII18M 6; 8) 0"Head§-i6H Fatl@sRthdIytatishate”,
fol |l ow ng rEfer_en es. 1) "Etched heavy ion tracks in ollgé:arbonate as
tenpl ate for FEGIHF LaIRSWR dnite GRymyRhygrpHavte s olyng UCHs, luvainjla-Neuve,

Buschmanns VgeldDoRadat. . DRREIRZBIIdL I 1503), S280-2), J23-65HHGHEd scleeK: ;
Trautmann, C.; Vetter, J. Gellschaft fur “Schweri‘onenforschun

-GSl
Dar st adt , GHPAQAS) areqsc|centainads redist f gpolBehsdhain $Cisrips| @93 R rkeh,
Section B: B i S: W N (W11 At éo%%by' 12
192-197; 2) @%?A%ﬁéﬁ’ & FOE%%?%?'%gﬁ%ﬁt-on?@ acker tonS 38 13 2005
Acker mann, Jdioxaiaaé scaulseibe epatedidpt ther desined:; thigknesen eveR whery starechvmdeC, ;

Vetter, J.; : | r

Radi at, £r1 . 2R sondiorSior meig i SRS il BTG ek c SREMIe
i n pol yca® bounder'the semeaioating conditionsawith the ddmhpasitions im NIME) sontisuet 4o get ym
UCL, Louvai ngl.a- pat f C | i

126(1-4), 24@’3}3%?%38&?3’58@2? 8?%‘95&%*5%50'5%@ %@‘r’f"g‘u ngﬁerél%gsgﬁ% oS

pol ymer chai weekithei NMParsblutions dofo¢he devedositied @duld enotobei nsege alnesging
remai ned intact. The cC ositibons .in 1, 3-. dioxolane could be.coated tp the
dosired t i cRHCYDERGR BT RR ANGE SRb4olR sisferolaiay &t InE sAaNe BRI, SRSt t nan
si x nont hs wbeéthweeh liraagoaind ngnihagkaeas deasivrdie¢ad Wellnder the sane coating
conditions with the conpositions in NVMP continued to get thinner due to
prematuréSSci ssion of the polymer in solution. After |ess than one week

the NWP sol utions of the conposition ggahgle®t be used. |naging

performance of the NMP solutjons deteriorated at the sane tine singe
cont r ast Two positive acting resists were prepared. A control Sample A contained

the standard solvents whereas Sample B contained a portion of a cyclic acetal

solvent, shown in Table 4 below.

20
Table 4
Ingredients Sample A Sample B
Novolak Resin 41.9% 41.9%
Speed Enhancing Resin**) 2.9% 2.9%
Diazonaphthoquinone 4.2% 4.2%
sensitizer***
PGME 40.9% 35.7%
PGMEA 10.1% 8.9%
Diethoxymethane @ -——- 6.4%

*Phenol-formaldehyde resin (available as "MER-7330" from Meiwa Corp. (Japan))
** Low Mw Phenol-formaldehyde resin (available as "Shonol CRG-951" from Showa Kobunshi Co., Ltd.
(Japan))

25 *** Oligomeric phenol-formaldehyde resin partially esterified with 2,1,5-diazopnaphthoquinone sulfonyl chloride
(available from Clariant as "PW 798" and from Nippon Zeon Corp. (Japan) as "NK-280")

Both resists could be readily coated to 65um. When imaged through a

positive mask, both could be readily developed in dilute tetramethyl ammonium
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bet ween i mage and non-image areas deteriorated as well. 15 Exanple 6 Two
positive acting resists were prepared. A control Sanple A contained the
standard sol vents whereas Sanple B contained a portion of a cyclic acetal
sol vent, shown in Table 4 bel ow. 20 Table 4 IngredientsSanpl @ A5 B

Novol ak Resi n4l. 9%il1. 9% Speed Enhanci ng Resin") 2. 9%2. 9% Di azonapht hoqui none
4. 2%4. 2% sensi ti zer*** PGQVE40. 9985. 7% PGVEALO. 198. 9%

Di et hoxynet hane------- 6. 4% *Phenol - f or mal dehyde resin (avail abl e as

"MER- 7930" from Meiwa Corp. (Japan)) ** Low Mwv Phenol -formal dehyde resin

(avai | abl e agydrokidsoleveRiped SU.26N; 0avANaBIa aKoRRTISRIF GO, fldml. AZ (Blagtednio 25
*** Aigoneric phenal -fornal deh de resin partially esterified with

2, 1, 5- di azopMawiaho SN EoRABYNY| chloride (available from dariant as

"PW 798" and fronEAHRANthESABclrAERS (e?@t?@d‘)toa% Wi 8Rcorpbiatdy fH%?élﬁtl§y coul d
be readily coated to 65pm When inaged th roug a p05|t|ve mask, both could

be readily desferepgedniits antirgtve fereal L1vsposes. a tum the Bxaraplgs, Qrowere

hyd desd

Vet er 1 al o3 PHERREE lficifingRudls BRbAmefcdaunicei i e Atich PEERAIC. 1§
i ncor por at edamereisransl conashirationseofl materislse neaation ygndf process ccmwtmge(gucfExcept
in the Exa”pggsi%mgérg‘fmgrﬁme? é?{(]hﬁ'lremﬁ ear%xﬁl bg'uhbgrsk g1 ﬁ)aﬁgqn (ﬁdéd %‘yu]%’l cal

quantities in't escripti’on specityrng arounts an Concent T ati ohs of
mat eri al s, rweaotlaboutind process conditions (such as tenperature, tine),

and the | i ke are IE %@Fbé’ Hgfaerdsthgtoads Ltjsoed ﬁtﬁ‘g bgclzlﬁcatlax atngethe \é\Bﬁgnde% c?éﬁ‘ns
10 the singular forms "a," "an," and "the" include plural reference unless the context
clearly dictates otherwise. Unless defined otherwise all technical and scientific
terms used herein have the same meaning as commonly understood to one of
ordinary skill in the art to which this invention belongs.
While the invention has been explained in relation to its preferred
15 embodiments, it is to be understood that various modifications thereof will become
apparent to those skilled in the art upon reading the specification. Therefore, it is
to be understood that the invention disclosed herein is intended to cover such

modifications as fall within the scope of the appended claims.
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It must be noted that as used in this specification and the appended
clains, 10 the singular forns "a," "an," and "the" include plural
reference unless the context «clearly dictates otherw se. Unless defined
otherwi se all technical and scientific terns used herein hawl tiéd

meani ng as commonly understood to one of ordinary skill in the art to

whi ch this invention belongs. Wile the invention has been explained in

rel ati on Whattis clairebdris:ed 15 enbodi ments, it is to be understood that
various nodifigatjons, thereof wll. becone. .apparent to thase skilled .in the
art upon readi g AMRIOLYESH CRRPPSHONHRERRITRG, ) 4t Ipast Qe AN (NHUPGLEER t hat
t he i nventj i S b Nedrisid e . t Tk ioPBS as
P T R R O R s - i

cl ai medl i photpachive estropewids ar pletpasidt generadonrand ry: aagolugnt saspositient i | m

formng resin._. sel ect fromth ou SpSti of pol yhydroxyst.y es ;
b) at | eagsm%ﬁ'gﬁ] 5 h'%?gtagﬁe\,goﬁlgﬁf r§eg%?c}§§ 'Lr85n Eﬁ%t%@g’f)d%éﬁéﬁ’ﬁ&f; ﬁ%d c)
a sol vent dipXoReR), dirdétheRymetHEanetarid diegisdnitiBase! vent sel ected fromthe

group consisting of 1, 3- dioxol ane dinethoxynmethane and di et hoxynet hane

. 2. The photoresist conposition of claim1, wherein the solvent
conposition 1 i 1. 3-di | . h I it ion of
claim1, wher e?h%ﬁ%@‘ﬁ%'}ﬁ% %8or?%é@'f’ﬁ?ognc'éf"sTaﬁ’r'?mg%ih?@8%%%5&@’3@%@% and
at | east oompsiebydB-doabtieed fromthe group consisting of propyl ene

gl ycol methyl ether acetate (PGVEA ), ethyl lactate and 15 propyl ene

gl ycol nmethyl ether (PEVIE) . 4. The photoresis t conposition of claim1,
wherein the phat t b n j i
P ﬁé?gﬁ éih\b?oresi%PEB@%BBQutubﬁ i di'élgrf 9! ?vHBFé?:ﬁ‘ﬂlﬁ]gtB%nﬁ Hbﬁﬁ@@ﬂl

ester. 20 5. T or esi st nposi tion clarm i's acemgglly
anpl i fi edis phobduresoktl,diopokinei and adnpastsong solyembtsededted fypamehat gnoup6.

The ph i.S,. it i f claiml I ' [
navi hg. o FORTISING B Aromci Aol iathyl, st Aotels BrGMEATs SRSl B0, ci
cConpogg ti ggbrj\g/,ierfg @¥&|6ne PéPER(PBfEMNot oresi st has a film thickness of

at | east he phoforeist conposition of claim®6, wherein the
phot oresi st has a film

4. The photoresist composition of claim 1, wherein the photoactive

compound is a diazonaphthoquinone sulfonate ester.

20 5. The photoresist composition of claim 1 that is a chemically amplified

photoresist composition comprising a photoacid generator.

6. The photoresist composition of claim 1, capable of forming photoresists
having a resist film thickness of 1 to about 100 pm.
25
7. The photoreist composition of claim 6, wherein the photoresist has a film

thickness of at least 30 um.

8. The photoreist composition of claim 6, wherein the photoresist has a film

30 thickness of at least 50 um.
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30 thickness of at least 50 ~t 20 21 Mr 2011, 9. A process for imaging a
phot oresi st conposition, conprising the steps of: a) coating a substrate
with a filmof photoresist conposition of claiml1; 5 b) baki

substrate to substantially renove the solvent; c) inmagewi se irradiating the
photoresist film and d) renoving the i magew se exposed or, alternatively,

t he unexposed areas of the coated substrate with a suitable devel oper. 10
10. The proces$. oA mrbadss for integyireg @ phetofdsish compusitionr, eonsdristrayrfres stepen has
a fil mthl?kness of at least 30 mafter step (b). 11. The process of claim
9, wherei Athe filmof photoresist conposition has a filmthickness of at

| east 50 maftg i onMigigig t he
sibstrate is a ec?]tagﬁﬁgxbgl{bgr%r%\s\%ﬁnth?@npépﬂﬁﬁére%fst ebAHpBsRion ¥i&lidiM;
5 b) baking the substrate to substantially remove the solvent;
c) imagewise irradiating the photoresist film; and
d) removing the imagewise exposed or, alternatively, the unexposed areas

of the coated substrate with a suitable developer.

10 10. The process of claim 9, wherein the film of photoresist composition has

a film thickness of at least 30 um after step (b).

11. The process of claim 9, wherein the film of photoresist composition has
a film thickness of at least 50 um after step (b).
15

12. The process of claim 9, wherein the substrate is a semiconductor wafer.
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