NEGATI VE PHOTORESI ST COVPOSI TI ONS FI ELD OF | NVENTI ON
The present invention relates to a |ight-sensitive
negati ve photoresi st conposition, conprising an

al kal i -soluble resin conprising at | east one phenolic
group derived froma hydroxystyrene nononer, a
photoinitiator, and a photopol yneri zabl e nononer
conprising two or nore (meth)aciylate groups.
Preferably the photoresist filmhas a thickness
greater than 5 jtm (mcrons). The invention further
provides for a process for coating and i mging the
light-sensitive conposition of this invention.
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conpositions are used in mcrolithography processes
for making mniaturi zed el ectroni c conponents such as

in the fabrication of conputer chips and integrated

Cl.rcuj rally, in these processes, a coating of
FIE N ot oresi st conposition is first applied

to substrate material, such as silicon wafers used
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advanced i nterconnect technol ogi es. The phot oresi st

| ayers are very thick conpared to the photoresists
used in the Integrated Crduit manuf acturing of
critical layers. Both feature size and photoresi st
thickness is typically in the range of 5 pmto 100 pm
so that high aspect ratios (resist thickness to line
size) have to be patterned in the photoresist.
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The novel photoresist of the present invention

provides for a light-sensitive negative photoresist

conmposition useful for imaging thick filns, conprising

an al kali sol uble polyner, a photoinitiator, and at

| east one phot opol yneri zabl e nononer conprising 2 or

nore (neth)acrylate groups, where the pol yner

conprises at | east one phenolic group derived froma

hydr oxystyrene nmononer. The invention further provides
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structure (1) and a unit derived fromat |east one
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containing 1 to 20 carbon atons. Rg can further
maelpri se hetero atoms, such as those chosen from
ni trogen and halo en (such as fluorine,
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such as cycl ohexyl, Cycl oheptyl,” and t
cragkiagceang RO clean cemavalboicihel I@fliéQEﬂSiStefdl@n&fmfle@CeSSlng, and
cyano, am de, acetate, propionate, pyrrolidone,
carbazol e, and halide (fluoride, chloride and
brom de). The conpnoneric uwiit in the polynmer may be
further described by structure (1V), R° where R' is
i ndependently sel ected from hydrogen and (G -C4)al kyl .
RO is a substituted or unsubstituted aromatic group,
substituted or unsubstituted alicyclic group, |inear
or branched allphatlc group. contalnlng 1 to 20 carbon
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ethers, silyl ethers fornmed from suitable
trimethylsilyl or t-butyl (dinmethyGsilyl precursors,
and carboxylates fornmed fromt-butyl acetate, anyl
acetate, 1- alkylcycloal kyl acetate, or
1-al kyl adamantyl acetate precursors. Al so useful are
groups such as (tert-butoxycarbonyl)nethyl and its
(C1-05) al kyl anal ogs. The acid | abile groups nmay be
pendant fromthe pol ymer backbone or pendant from
impyewre envireruoaieial stability Bmmehcarﬁe ichdhe .presrntdevention have
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in the polyner, and may be exenplifi
propertigs avhensimage, esp@thlWefnéthmkiﬂmmaptqm gie, 3- or 4-
acet oxystyrene, (neth)acrylic acid, (neth)
acrylonitrile, methyl (neth)acrylate, t-butyl
Surqnedrip) acryl ate, 1-nethyl -cycl opentyl (nmeth)acryl ate
1- met hyl - cycl ohexyl (neth)acryl ate,
2- M Wresstmivieyfior - r(eréieb)@CfaWr@batlve photoresist composition

2- et hyl - adamant y1- 2- &@ kg yl at e,
COYQP%%'E@IEI aﬁidﬁﬁﬁt% glka P?'Vﬁleé wheKssthe; Relwgep comprises
at |gé§lgp,§tdr;,ttgfesqrdgmé%yst yrene with an acid cleavable
group, an ethylenic ' conononer with an acid cl eavabl e
group, and norbornene derivative with an acid
cl eavabl e group. e pyl ynmer may be prepared
fromthe correspondi ng rfonoyrers by any suitable
conventional pol ymerization|process which react an
et hyl eni cal | y unsat ur at ed-groyp. Such processes
i nclude, but are not |im o free radical
pol ymeri zation or ionic F,< IXerization. Such processes
are typically run in sol y OH sol vent mi xture using
a catalyst or initiator. Initiators can be chosen
based on the tenperature tdl)be enployed in the
pol ymeri zation. Exanples of suitable free radica
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whiy®, 7 35 tstefed uiHaierty Bt oragsn, (Crgialylyghiorine and
brofphé,card hyis an dritegéer fromns fte; &Y e tleam Yoneemonomed e structure

such as 1-dodecanet hi ol . The nononeric unit of
(Dstructure (1) may range from about 10 nol e% to about
100 nmol e% i n one enbodi ment, from about 30 nole%to
about 80 nol e% in another epbodginegt, and from about
40 nmol e% to abouy 70j nol e% | n ghot her enfodi nent .
The al kal i saql ubl esent i nvention
has a wei ght r&rigi ng from
about 2,000 to out 100, 00D, prefermgbly |f rom about
3,000 to about 000, and re prefé@ab_y1fron1about
5,000 to about 30, 000. TheI olynmer is present in the
formul ation at |evels rangl g fromabout 5 to about 75
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to qrrgreaﬁen ltharaﬂ oanchn)dat:leasboms photoinitieggor. t Woe étveplieniadso relates
unsat ur ated bonds. The phot opol yneri zabl e nononer is a
(meth)acrylate and can be illustrated by structure
(rr)y, ORO-H 4CXi W 3 where, Wis a nultivalent
l'inking group, R to R6 are independently selected
from hydrogen, hydroxy, (G -C20) al kyl and chl ori ne,
X1 and X2 are independently oxygen or N-R7, where R7
i's hydrogen or (G -C20) alkyl, and n is an integer
equal to or greater than 1. In ~one enbodlnent R7 |s
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di pentaerythritol diacrylate, dipentaerythritol
triacrylate, dipentaerythritol tetraacryl ate,

di pentaerythritol pentaacrylate, dipentaerythritol
hexaacryl ate, tripentaerythritol octaacrylate,
pentaerythritol dinethacrylate, pentaerythritol
trinmethacrylate, di pentaerythritol dinethacrylate, di
a8 Pk G Btibr hadihg tied h@g@ﬁ\fbﬂgiﬁ&bﬁésﬁst domhgsgtgrer yt hri t ol
oct amet hacryl ate, pentaerythritol diitaconate,

di pentaerythritol trisitaconate, dipentaerythritol

. Al tie.o dipentaerythritol hexaitaconate,
DRERlNdP g lfiye lO[P‘rylate, 1, 3- but anedi ol di acryl ate,
1, 3- - but anedi ol di.nethacrylate, 1,4-butanedi ol : .
a1 1 Speelel Pagerryd o RtssrinvendgRroffies for a light-sensitive
nt§athRaphilordSist BEMbasitivhhisdial faroiemdding thick amme! aloPnprising an
sorbitol tetranethacryl ate, sorbitol pentaacryl ate, _
akal Faldhle hexdwaery Pat ehoteinitides t ard &érigastt ene apftptopolymerizable
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chinprieéhac fedstoaeqfharaliy efroyp eleevgd Yoph awhfdrorystyrene monomer.
nol ecul ar wei ght of 200 to 1,500 and their m xtures. .
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- et qdi.0| i a | 2 i i . ,
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thdinprabput eheurgl sngl pdirdariaihat asheneopenpydcegby comprises a single
di acryl ate, ethoxyl at ed neopentyl gl ycol diacrﬁlate,
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altb e Mb%l@reppﬂidﬁbwrﬁsar@bMtC@éccﬂh@@rrbgloaltﬁe in the exposed areas.
trinmethyl ol propane triacrylate, ethoxyl ated

Theiimgmipnofustrepdaiates tad prapess or dpadiatednegative photoresist
C@akgghgylolpropane triacrylate, propoxylated glycerine
rifacrylate, tris(2- acryloyloxy ethyl) isocyanurate,

BZE: i@%ﬁi{]ﬂﬁq %ogﬁl;bltﬁmo gr%l[ §f gfi,e g%%%ﬁgi;@%ﬁﬁW gpmprises at least one

ubiebf sRGENIALIR, retdriaxi0 i e mreskaespiiiatidb®las the unit comprising a
tetraacrylate, di (trinethylol propane) tetraacryl ate,

phenqliscobp dgriMed ifiogn the Rrdioxystyang monomer,
di (pentaerythritol) hexaacrylate and ol igonmers and
pol ymers containing acryl ate groups obtai ned by
conversion of poly epoxid iIth acrylic acid (epoxy
acrylate) or by conversion of| polyester polyol with
acrylic acid or nononeric al acryl ates (pol yester
acryl ates) or by conversio socyanat e prepol yners
wi th 2-hydroxyet hyl acryl at ol yurea acryl ate) and
acryl ated soy bean oil an ted silicone oil
The phot opol yneri zabl e nono QE& al so conprise acid
cl eavabl e groups which in thz presence of an acid wll
cl eave to form conpounds whi W increase the aqueous
al kaline solubility of the coating of the present
i nvention. Such acid cleavabl e groups may be C(0)-0C
C0-Cor CGOSi groups within the nononer. Cenerally
known acid cl eavabl e groups nmay be used. |In one
enbodi nent the acid cl eavabl e group conprises a
tertiary carbon atom adjacent to an oxygen atom or
nitrogen atom (Xi and/or X2) of the nononer of
structure (I1), and the tertiary carbon atom has
(C1-05) al kyl groups attacheqlto this carbon atom
that is the nonomer conprises a tertiary alkyl ester.
Thus, Wis a (G -C20) al kylene chain with tertiary
carbon atons at the end of the chain linking to the
acryl ate end groups, where 2,5-dinethyl-hexene is an
exanpl e of the linking group, W Thus Wcan be
C(Flioau)- (01-C20)al kyl ene- C(R12Ris), where R o
R11, R12 and R13 are independently selected from
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Any known thermal acid generators and phot oaci d
generators may be used al one or as m xtures. Any

phot oaci d generators (PAG may be used whi ch generates
a strong acid capable of cleaving the acid cl eavable
bond present in the conposition of the present
invention, particulary a sulfonic acid. Suitable
exanpl es of acid generating photosensitive conmpounds
include, without limtation, ionic photoaeid

wheyendraiso raele(cmacd;) indgpemndeslydiraab hydhegan. t C1-Coglisl,uglorine,
brofiihd Sind S S Ehuiﬁ %%Irtfgomo{ o) AF Tl‘?n—‘r‘"a{’?ké?ﬁgﬁlélﬁféc'ﬁo%er of the
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mowm@hmwéoajabﬁeﬁﬂw%@mnm ﬁfrf'?"ihvi f!rgw ﬁ‘gr?%a? pibyl-
hyo?ég OWHB%M}% ié*s’fﬂ%n@l“'ﬂ%‘aé&ymer may be a

sulfohlun1tr| hane sul fonatée
hommpqivmalyt:csmptleng uhe mm:taﬁﬂaﬁmcwat(aner guiopahaer eavaptisiag the
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mopeiNgre HRS MehRe eH!PA‘ﬁ)ﬁS’E 3hB Rigsert miaafion. Y fpBple forming
a térg&gmeabr Qelrhi3diyBY. THR sbiR6hGHErid UhidAld)ase ofbtABlresl),

I azol es, thiazoles, substituted 2- pyrones. PAGs

such as those descrlbed in US2002/ 0061464 are al so
useful . Phenolic sulfonic RSters,

trichloronethyltriazines, ,h pis-sul fonyl net hanes,

bi ssul f onyl net hanes or bi%- f onyl di azonet hanes,

tri phenyl sul f oni um

tris(trifluoronethyl sul fonyl thide, triphenyl sulfoniu

m bi s(trifluoronethyl sul fonyl)im de, di phenyl i odoni um

trls(trlfluoronethylsulfonyu)nEthlde di phenyl i odoni um

bi s(trifluoronethyl sul fonyl)im de,

N—hydrox napht h e triflate, and theig \h l o )
whaliee Rj 8o 98 en rglvca%eﬁ@gt am &ycranen (ErGaelivb et e is a
SULBKRITEY e%rOfurﬁ{‘B‘éﬁ’l@féd Vﬁr&ﬁﬁﬁt@“@ﬂﬁl , Wifideodeh, anslibBBtudsE  or

(C1-C8) al kyl or (G -C8)al koxy substltuents and n
unstmsnmtechalucwhcsgrouméﬂm@ﬁtbryn@a%@tl@wmr@rﬁup containing 1 to

o YRR LA SRR b o cer

froid8prydey, i n tamnide Halogew | (sublylasjéluenneyapl’llbhye and bromine)
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salts as photoactive conpounds are preferred,
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f
ool B S oGP eopApTbaR, PouobERGH ek, anc e e

acid generator (TAG used in the present invention nay
be any that upon heating generates an acid which can
cl eave the acid cl eavabl e bond present in the

i nvention, particularly a strong acid such as a
sulfonic acid. Preferably, the thermal acid generator
is activated at 90C and nore preferably at above 120C,
and even nore preferably at above 150C. The
photoresist filmis heated for a sufficient | ength of
time to react with the coatyng. Exanples of therma
acid generators are nitrobenzyl tosyl ates, such as
2-nitrobenzyl tosylate, 2,4-dinitrobenzyl tosylate,
2, 6-dinitrobenzyl tosylate, 4-nitrobenzyl tosylate;
benzenesul f onat es such as

2 trlfluoronethyl 6 ni tr obenzyl 4-



The phot oresi st conposition solution is then coated

onto the substrate, and the substrate is treated at a
tenperature from about 70C to about 150C for from

about 30 seconds to about 6 m nutes on a hot plate or
for fromabout 15 to about 90 mnutes in a convection
oven. This tenperature treatnment is selected in order
to reduce the concentration of residual solvents in

the photoresist, while not causing substantial thernal

cydieikyisladuobnao tydlbiee)ybngaiotdptyl nand ¢éhd liken bityclogkgs asych as

e Rl e b S, e LORefingi® chibdone
carbaiole, a8 Hafdé ifRidridealchiofitietdiRl ISr@Mi@SY. STHR3dEMonomeric unit in

evaporated and a coating of photoresist conposition,
thegiplyrer waydie forther degeriprd by atiueBikedBd) i n t hi ckness,

remai ns on the substrate. Miltiple coatings nay be

done to achieve thick filgs. In a preferred enbodi nent

the tenperature is from about 95C to about 135C. The

tenperature and tinme sel g¢tipn depends on the

phot oresi st properties sifed by the user, as well as

t he equi pnment used and co rcially desired coating

times. The coating subst&g%%\can then be exposed to

actinic radiation, e.g., ultﬁkviolet radi ati on, at a

wavel ength of from about 200 rmg (nanometers) to about

450 nm x-ray, electron beam ion beam or |aser

radi ation, in any desired @gjtern, produced by use of

sui t abl e masks, negatives, stencils, tenplates, etc.

Ceneral ly, thick photoresist filnms are expgsed usin .
Whﬁ'feogdb'ﬁnkﬂ‘dﬁaﬁ'i‘fgﬁﬂ“ nSelgetefgfremuhyireaes %’lﬂ:l‘eﬁémalkyl' %‘9 IS a
subdtitdiad %@%nsiﬂ?étitul@&lsa?oﬁ{atig g sSebeBiutRS SRgRMtituted alicyclic

exposure tools, although 436nm and 365nm Steppers may
groaips dnéwy’ o beanched aliphatie gphvp eerisining il stot 2@ garbon atoms and

ponal |y suhject a S Ki
nydBbRAT s Aot EF ' SyriBe nBBR0 ARSI 853685 MELBH from
oxyhjes, hit@igengniddmeyat atoass ioefprm anogpd suoh abaledbhdl) Ethien, ester,
about ,150C, re eferably from apout 90C to,about, ..
amirgo amige o eelfiig e Ay De. BreloMis £ 0raUPS S UBBRR Sustituted
an® Qﬁ%ﬁ%ﬁtﬁﬁecﬂbﬁhénﬁ; @sﬂ#_&?%ralmf ikt efigsrablinehr @mdabritiched
0 seconds to about 2 mnutes on a h?t late or about
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1-10 carbon atom moeity. The cyclic alkyl groups may be mono-cyclic or
polycyclic. Suitable example of mono-cyclic alkyl groups include substituted
cyclopentyl, cyclohexyl, and cycloheptyl groups. The substituents may be any of

the acyclic alkyl groups described herein.

Suitable bicyclic alkyl groups include substituted bicyclo[2.2.1]heptane,
bicyclo[2.2.2]octane, bicyclo[3.2.1]octane, bicyclo[3.2.2]nonane, and
bicyclo[3.3.2]decane, and the like. Examples of tricyclic alkyl groups include
tricyclo[5.4.0.0.2°|undecane, tricyclo[4.2.1.2."|undecane,
tricyclo]5.3.2.0.49]dodecane, and tricyclo[5.2.1.0.%%]decane. As mentioned herein

the cyclic alkyl groups may have any of the acyclic alkyl groups as substituents.

Alkylene groups are divalent alkyl groups derived from any of the alkyl
groups mentioned hereinabove. When referring to alkylene groups, these include
an alkylene chain substituted with (C4-Cs)alkyl groups in the main carbon chain of
the alkylene group. Alkylene groups can also include one or more alkyne groups
in the alkylene moiety, where alkyne refers to a triple bond. Essentially an
alkylene is a divalent hydrocarbon group as the backbone. Accordingly, a
divalent acyclic group may be methylene, 1,1- or 1,2-ethylene, 1,1-, 1,2-, or 1,3
propylene, 2 5-dimethyl-2,5-hexene, 2,5-dimethyl-2,5-hex-3-yne, and so on.
Similarly, a divalent cyclic alkyl group may be 1,2- or 1,3-cyclopentylene, 1,2-,
1,3-, or 1,4-cyclohexylene, and the like. A divalent tricyclo alkyl groups may be
any of the tricyclic alkyl groups mentioned herein above. A particularly useful
fricyclic alkyl group in this invention is 4,8-bis(methylene)-tricyclo[5.2.1.0.%°

Jdecane.

Aryl groups contain 6 to 24 carbon atoms including phenyl, tolyl, xylyl,
naphthyl, anthracyl, biphenyls, bis-phenyls, tris-phenyls and the like. These aryl
groups may further be substituted with any of the appropriate substituents e.g.
alky!, alkoxy, acyl or aryl groups mentioned hereinabove. Similarly, appropriate
polyvalent aryl groups as desired may be used in this invention. Representative
examples of divalent aryl groups include phenylenes, xylylenes, naphthylenes,

biphenylenes, and the like.
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butoxy, isobutoxy, tert-butoxy, pentyloxy, hexyloxy, heptyloxy, octyloxy,
nonanyloxy, decanyloxy, 4-methylhexyloxy, 2-propytheptyloxy, and 2-
ethyloctyloxy.

Aralkyl means aryl groups with attached substituents. The substituents
may be any such as alkyl, alkoxy, acyl, etc. Examples of monovalent aralkyl
having 7 to 24 carbon atoms include phenylmethyl, phenylethyl, diphenylmethyl,
1,1- or 1,2-diphenylethyl, 1,1-, 1,2-, 2,2-, or 1,3-diphenylpropyl, and the like.
Appropriate combinations of substituted aralkyl groups as described herein

having desirable valence may be used as a polyvalent aralkyl group.

The term (meth)acrylate refers to methacrylate or acrylate, and similarly,

(meth)acrylic refers to methacrylic or acrylic.

Furthermore, and as used herein, the term "substituted" is contemplated
to include all permissible substituents of organic compounds. In a broad aspect,
the permissible substituents include acyclic and cyclic, branched and
unbranched, carbocyclic and heterocyclic, aromatic and non-aromatic
substituents of organic compounds. lllustrative substituents include, for example,
those described hereinabove. The permissible substituents can be one or more
and the same or different for appropriate organic compounds. For purposes of
this invention, the heteroatoms such as nitrogen may have hydrogen substituents
and/or any permissible substituents of organic compounds described herein
which satisfy the valencies of the heteroatoms. This invention is not intended to

be limited in any manner by the permissible substituents of organic compounds.

The alkali soluble polymer may comprise an acid cleavable (labile) bond,
which in the presence of an acid makes the polymer even more readily soluble in
an aqueous alkali developer or a stripper. The acid may be generated thermally
and/or photochemically. The acid cleavable bond, preferably comprises an acid
cleavable C(0O) OC, C-O-C or C-O-Si bond. Examples of acid cleavable groups
usable herein include acetal or ketal groups formed from alkyl or cycloalky! vinyl



I rgacure 907C ba Speci alty 2-norphol i nopropan- 1-one
Bis(2,4,6-trinethyl benzoyl)- Irgacure 819C ba

Speci alty phenyl phosphi neoxi de

| TXI sopropyl t hi oxant honeAl drich | conol TDA 9Tri decyl

al cohol ethoxyl ate (9EO)BASF Kalle G I|ine dyeDyeAz(r)
El ectronic Materials USA Corp. TPSNf Tri phenyl sul f oni um
triflateToyo Gosei TAG 2359Di nonyl napht hal ene

nonosul fonic Kelly Chem cal acid salt Fluorosilicon

ethexsdidilyle ethesai fornmed Msepar suitalie dimethylpith arnkbaykgimsthyl)silyl
t 0 i vie in P P |
profufbhily &Y, b Bfics, BrnBa iy LRIME AR M) ¥edate, 1-

alkyhSdilioph (Cetatecal 1aadiepladamantyl Abetapsh prenuesirst Also useful are
conmposj tions re formul ated by njxi t on S

arolieE BFh 5 RarRLSmAH DT it e AR ARTRS. The

acid Rpileqgislps Hﬁd}tbe heastUiegihi the polyreobadieaper s partiant from
TABLEcgf;’r ﬂI)Ex Ex‘.pgz . 3 Ex. p?WEX. 0|5 be

groups attached to the polymer backbone. The acid cleavable group may be

formed by partially capping the hydroxystyrene monomeric unit with a compound

containing the acid cleavable group and/or be incorporated in the comonomer.

The comonomer is one capable of being polymerized with the
hydroxystyrene monomer forming the unit of structure (1) in the polymer, and may
be exemplified by comonomers such as styrene, vinylnaphthalene, 3- or 4-
acetoxystyrene, (meth)acrylic acid, (meth) acrylonitrile, methyl (meth)acrylate, t-
butyl (meth)acrylate, 1-methyl-cyclopentyl (meth)acrylate, 1-methyl-cyclohexyl
(meth)acrylate,  2-methyl-adamantyl-2-(meth)acrylate,  2-ethyl-adamantyl-2-
(meth)acrylate, 2-butyl-adamantyl-2-(meth)acrylate, substituted or unsubstituted
hydroxystyrene with an acid cleavable group, an ethylenic comonomer with an

acid cleavable group, and norbornene derivative with an acid cleavable group.

The polymer may be prepared from the corresponding monomers by any
suitable conventional polymerization process which react an ethylenically
unsaturated group. Such processes include, but are not limited to free radical
polymerization or ionic polymerization. Such processes are typically run in
solvent or solvent mixture using a catalyst or initiator. Initiators can be chosen
based on the temperature to be employed in the polymerization. Examples of
suitable free radical initiators are benzoyl peroxide, 2,2’-azobisisobutyronitrile
and lauroyl peroxide. Optionally, a chain transfer agent may be included, such as
1-dodecanethiol. ‘

The monomeric unit of structure (I) may range from about 10 mole% to
about 100 mole% in one embodiment, from about 30 mole% to about 80 mole%
in another embodiment, and from about 40 mole% to about 70 mole% in another

embodiment.
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The alkali soluble polymer of the present invention has a weight average
molecular weight ranging from about 2,000 to about 100,000, preferably from
about 3,000 to about 50,000, and more preferably from about 5,000 to about
30,000. The polymer is present in the formulation at levels ranging from about 5
to about 75 weight%, preferably from about 10 to about 70 weight% by total

solids of the photoresist.

The negative photoresist composition of the present invention also
comprises a photopolymerizable monomer, which is capable of polymerizing in
the presence of a photoinitiator and contains at least two ethylenic unsaturated
bonds. The photopolymerizable monomer is a (meth)acrylate and can be

illustrated by structure (l1),

R4

R_,_ CX1WXC Rs

RG
()

where, W is a multivalent linking group, R to Rg are independently selected from
hydrogen, hydroxy, (Ci-C2) alkyl and chlorine, X; and X, are independently
oxygen or

N-R;, where Ry is hydrogen or (C1-Cy) alkyl, and n is an integer equal to or
greater than 1. In one embodiment R7 is hydrogen or (C{-C4) alkyl. In one
embodiment Xy and X, are oxygen. W is a multivalent linking group, where W
can be a small molecular moiety or a polymer. Examples of multivalent W are a
divalent, trivalent, tetravalent, pentavalent, hexavalent and heptavalent moiety,
and n can range from 1 to about 7. The monomer may also be a polymer with
pendant vinyl groups, such as the acrylate groups in structure (ll), where W is a
polymer. W can further be a linear or branched alkylene group containing 1-20
carbon atoms; the alkylene group may additionally contain one or more pendant

10
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hydroxy groups, alkyne bonds, ester groups, ether groups, amide groups or other
acceptable organic groups. W may be (C.-Cs) alkoxylated (C1-Czo) alkylene. In
one embodiment W is a hydrocarbon moiety containing only carbon and
hydrogen atoms.

The above-mentioned polymerizable monomer is a polymerizable
compound having at least two ethylenic unsaturated double bonds in a molecule,
such as alkyl acrylates, hydroxyalkyl acrylates, alkyl methacrylates or
hydroxyalkyl methacrylates. Examples of the polymerizable compound are not
particularly limited and can be appropriately selected depending on the purposes,
and include acrylic acid derivatives such as acrylic acid esters and methacrylic
acid derivatives such as methacrylic acid esters. The polymerizable monomer
may have a low molecular weight (monomer property) or a high molecular weight
(oligomer or polymer property).

Examples of the polymerizable monomer containing two or more double
bonds include unsaturated esters, as shown in structure (ll). The polymerizable
monomer may be derived from the reaction of unsaturated carboxylic acids or
unsaturated acid chlorides with compounds containing epoxy groups, more than
2 hydroxy groups (polyols), two or more amino groups (polyamines), mixture of
hydroxyl and amino (amino alcohol) groups or mixtures of these groups.
Examples of the unsaturated carboxylic acids include unsaturated fatty acids
such as acrylic acid, methacrylic acid, crotonic acid, itaconic acid, cinnamic acid,
linoleic acid and oleic acid. Among these, acrylic acid and methacrylic acid are
preferable. The equivalent acid chlorides to the above mentioned unsaturated
carboxylic acids may also be used. Suitable polyols are aromatic and particularly
aliphatic and alicyclic polyols. Examples of the aliphatic and alicyclic polyols
include alkylene diols preferably having 2 to 12 carbon atoms such as ethylene
glycol, 1,2- or 1,3-propanediol, 1,2-, 1,3- or 1,4-butanediol, pentanediol,
hexanediol, 2,5-hexanediol, octanediol, dodecanediol, diethylene glycol, and

triethylene glycol; polyethylene glycol having 200 to 1,500 molecular weight, 1,3~

11



15.68 lIrgacure 907 2.38 2.70 2.38 4.54 3.10 5.88 2.70
4.28 lrgacure 819 2.38 2.70 2.38 4.54 3.10 5.88 2.70
4.28 Megafac RO8 0.07 0.08 0.07 0.07 0.09 0.09 0.08
0. 09

cyclopentanediol, 1,2-, 1,3-, or 1,4-cyclohexanediol, 1,4-
dihydroxymethylcyclohexane, glycerol, tris(B-hydroxyethyl)amine,
trimethylolethane, trimethylolpropane, pentaerythritol, dipentaerythritol and
sorbitol. Aromatic polyols can be bisphenol A or its analogs.

Examples of amines are alkylene amines, and include 1,2-ethylene
diamine, 1,2- or 1,3-propylene diamine, diaminocyclohexane, 1,3-
cyclohexanebismethylamine, 2,2-ethylenedioxybisethylamine and the like.
Examples of amino alcohols include 3-amino-1-propanol and the like. Examples
of epoxy compounds include 1,2,7,8-diepoxyoctane and the like.

Examples of the multi-unsaturated compound of a relatively high
molecular weight (oligomer/polymer property) include unsaturated polyester
resins generally produced from maleic acid, phthalic acid, and one or more diols
and having a molecular weight of about 500 to 3,000.

Polyols can be partially or completely esterified with one kind of carboxylic
acid or different types of unsaturated carboxylic acids and in the partially
esterified compounds, free hydroxyl may be modified and, for example, esterified
with other carboxylic acids.

Examples of the polymerizable monomer are without limitation as follows:
4,4’-bis(2-acryloyloxyethoxy)diphenyl propane, vinyl acrylate, trimethylolpropane
triacrylate, trimethylolethane ftriacrylate, trimethylolpropane trimethacrylate,
trimethylolethane  trimethacrylate, tetramethylene glycol dimethacrylate,
triethylene glycol dimethacrylate, tetraethylene glycol diacrylate, pentaerythritol
diacrylate, pentaerythritol triacrylate, pentaerythritol tetraacrylate,
dipentaerythritol  diacrylate, dipentaerythritol triacrylate, dipentaerythritol
tetraacrylate, dipentaerythritol pentaacrylate, dipentaerythritol hexaacrylate,
tripentaerythritol octaacrylate, pentaerythritol dimethacrylate, pentaerythritol
trimethacrylate, dipentaerythritol dimethacrylate, dipentaerythritol
tetramethacrylate, tripentaerythritol octamethacrylate, pentaerythritol diitaconate,
dipentaerythritol trisitaconate, dipentaerythritol pentaitaconate, dipentaerythritol
hexaitaconate, ethylene glycol diacrylate, 1,3-butanediol diacrylate, 1,3-

12
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butanediol dimethacrylate, 1,4-butanediol diitaconate, sorbitol triacrylate, sorbitol
tetraacrylate, pentaerythritol-modified ftriacrylate, sorbitol tetramethacrylate,
sorbitol pentaacrylate, sorbitol hexaacrylate, oligoester acrylate, and
methacrylate, glycerol diacrylate and ftriacrylate, 1,4-cyclohexane diacrylate,
bisacrylate and bismethacrylate of polyethylene glycol with a molecular weight of
200 to 1,500 and their mixtures.

Further examples for polymerizable monomers include 1,2-ethanediol
diacrylate, 1,2-propanediol diacrylate, 1,4-butanediol diacrylate, hexan-1,6-diol
diacrylate, dipropylene glycol diacrylate, neopentyl glycol diacrylate, ethoxylated
neopentyl glycol diacrylate, propoxylated neopentyl glycol diacrylate, tripropylene
glycol diacrylate, bisphenol A diglycidylether diacrylate, ethoxylated bisphenol A
diglycidylether diacrylate, polyethylene glycol diacrylate, trimethylolpropane
triacrylate, ethoxylated trimethylolpropane iriacrylate, propoxylated
trimethylolpropane ftriacrylate, propoxylated glycerine ftriacrylate, tris(2-
acryloyloxy ethyl) isocyanurate, pentaerythritol triacrylate, ethoxylated
pentaerythritol triacrylate, pentaerythritol tetraacrylate, ethoxylated pentaerythritol
tetraacrylate, di(trimethylolpropane) tetraacrylate, di(pentaerythritol)
pentaacrylate, di(pentaerythritol) hexaacrylate and oligomers and polymers
containing acrylate groups obtained by conversion of poly epoxides with acrylic
acid (epoxy acrylate) or by conversion of polyester polyol with acrylic acid or
monomeric alkyl acrylates (polyester acrylates) or by conversion of isocyanate
prepolymers with 2-hydroxyethy! acrylate ((polyurea acrylate) and acrylated soy
bean oil and acrylated silicone oil.

The photopolymerizable monomer may also comprise acid cleavable
groups which in the presence of an acid will cleave to form compounds which
increase the aqueous alkaline solubility of the coating of the present invention.
Such acid cleavable groups may be C(0)-OC, C-O-C or C-O-Si groups within the
monomer. Generally known acid cleavable groups may be used. In one
embodiment the acid cleavable group comprises a tertiary carbon atom adjacent
to an oxygen atom or nitrogen atom (X; and/or X5) of the monomer of structure

(1), and the tertiary carbon atom has (C+-Cs) alkyl groups attached to this carbon

13
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atom, that is the monomer comprises a tertiary alkyl ester. Thus, W is a (C4-Czo)
alkylene chain with tertiary carbon atoms at the end of the chain linking to the
acrylate-end groups, where 2,5-dimethyl-hexene is an example of the linking
group, W. Thus W can be C(R4oR11)- (C1-Cao)alkylene- C(Ri2R43), where Rio,
Ri1, Ri2 and Rys are independently selected from (C4-Cs) alkyl groups. W may
additionally contain acid cleavable groups such C(O)-OC, C-O-C or C-O-Si
groups within the moiety. The acid may be generated thermally and/or

photochemically using thermal acid generators and/or photoacid generators.

In the photopolymerizable composition of the present invention, the
composition contains at least one photoinitiator or photoradical generating agent
capable of generating a radical upon exposure to a light source. Any photoiniator
capable of generating a radical upon exposure to radiation may be used. One or
more photoinitiators may be selected from those capable of starting
polymerization of the polymerizable compound contained in the composition of
the present invention and to be used as the above-mentioned photoinitiator.
Examples of the above-mentioned photoinitiator include without limitation
benzophenone, camphorquinone, 4,4-bis(dimethylamino)benzophenone, 4-
methoxy-4'-dimethylaminobenzophenone,  4,4'-dimethoxybenzophenone,  4-
dimethylaminobenzophenone, 4-dimethylaminoacetophenone,
benzylanthraquinone, 2-tert-butylanthraquinone, 2—méthylanthraquinone,
xanthone, thioxanthone, 2-chlorothioxanthone, 2,4-diethylthioxanthone, fluorene,
acridone, bisacylphosphine oxides such as bis(2,4,6-trimethylbenzoyl)-
phenylphosphine oxide and the like, a-hydroxy or a-aminoacetophenones, a-
hydroxycycloalkylphenylketones, and aromatic ketones such as
dialkoxyacetophenone; benzoin and benzoin ethers such as benzoinmethyl
ether, benzoinethyl ether, benzoinpropyl ether, benzoinphenyl ether, and the like;
2,4,6-triarylimidazole dimers such as 2-(o-chlorophenyl)-4,5-diphenylimidazole
dimer, 2-(o-chlorophenyl)-4,5-di(m-methoxyphenyl)imidazole  dimer, 2-(o-
fluorophenyl)-4,5-diphenylimidazole dimer, 2-(o-methoxyphenyl)-4,5-
diphenylimidazole dimer, 2-(p-methoxyphenyl)-4,5-diphenylimidazole dimer; and
lophine dimer compounds described in U.S. Pat. Nos. 3,784,557, .4,252,887,

14
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4,311,783, 4,459,349, 4,410,621, 4,622,286 and the like: polyhalogen
compounds such as tetrabromocarbon, phenyliribromomethylsulfone,
phenyltrichloromethyl ketone and the like; and compounds described in U.S. Pat.
No. 3,615,455; S-iriazine derivatives (trihalomethyl compounds) having
trihalogen-substituted methyl, such as 2,4,6-tris(trichloromethyl)-S-triazine, 2-
methoxy-4,6-bis(trichloromethyl)-S-triazine,  2-amino-4,6-bis(trichloromethyl)-S-
triazine, 2-(p-methoxystyryl-4,6-bis(trichloromethyl)-S-triazine and the like;
organic peroxides, such as methyl ethyl ketone peroxide, cyclohexanone
peroxide, 3,3,5-trimethylcyclohexanone peroxide, benzoyl peroxide, di-tert-butyl
peroxyisophthalate, 2,5-dimethyl-2,5-di(benzoylperoxy)hexane, tert-butyl
peroxybenzoate, a,a’-bis(tert-butylperoxyisopropyl)benzene, dicumyl peroxide,
3,3',4,4'tetra-(tert-butylperoxycarbonyl)benzophenone and the like; azinium
compounds; organic boron compounds; phenylglyoxalic acid esters such as
phenylglyoxalic methyl ester; titanocenes such as bis(n°-2,4-cyclopentadien-1-
yi)-bis(2,6-difluoro-3-(1H-pyrrol-1-yl)-phenyl)titanium and the like; onium salt
compounds such as diaryliodonium salts and triarylsulfonium salts obtained by
using diphenyliodonium, 4,4'-dichlorodiphenyliodonium, 4.4'-
dimethoxydiphenyliodonium, 4,4'-di-t-butylidiphenyliodonium, 4-methyl-4'-
isopropyl-diphenyliodonium, or 3,3'-dinitrodiphenyliodonium in combination with
chloride, bromide, tetrafluoroborate, hexafluorophosphate, hexafluoroarsenate,
hexafluoroantimonate, tetrakis(pentafluorophenyl) borate, or
trifluoromethanesulfonic acid;

Preferred photoinitiators are those available under the trade designations
IRGACURE and DAROCUR from Ciba Speciality Chemical Corp., Tarrytown,
N.Y. and include 1-hydroxy cyclohexyl phenyl ketone (IRGACURE 184), 2,2-
dimethoxy-1,2-diphenylethan-1-one (IRGACURE 651), bis(2,4,6-
trimethylbenzoyl)phenylphosphineoxide (IRGACURE 819), 1-[4-(2-
hydroxyethoxy)phenyl]-2-hydroxy-2-methyl-1-propane-1-one (IRGACURE 2959),

15
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2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)butanone (IRGACURE 369), 2-
methyl-1-[4-(methylthio)phenyl]-2-morpholinopropan-1-one (IRGACURE 907),
and 2-hydroxy-2-methyl-1-phenyl propan-1-one (DAROCUR 1173). Particularly
preferred photoinitiators are IRGACURE 819, 369 and 907.

Moreover, as the above-mentioned photoinitiator, two or more kinds of
those exemplified compounds may be used in combination. Examples thereof
include the following: any combinations of acrylphosphine oxides, alpha-hydroxy

ketones and alpha-amino ketones.

The combination of 2-methyl-1[4-(methylthio)phenyl]-2-morpholinopropan-
1-one (Irgacure 907) and bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide

(Irgacure 819) is used in one embodiment.

The photopolymerizable composition of the present invention may further
contain sensitizers, such as isopropyl thioxanthone and 3-keto cumarine, which
absorb radiation at one particular wavelength and transfer energy to the

photosensitive compound at a different wavelength.

In addition the photopolymerizable composition of the present invention
may contain so called accelerators, such as ftributylamine, N-methyl
diethanolamine, N-butyl diethanolamine, triethanolamine, piperidine, morpholine,
piperazine, and acrylated amines, obtained from 1,6-hexanediol diacrylate and
ethanolamine tributylamine, N-methyl diethanolamine, N-butyl diethanolamine,
triethanolamine, piperidine, morpholine, piperazine, and acrylated amines,
obtained from 1,6-hexanediol diacrylate and ethanolamine.

In order to prevent inhibition of polymerization by oxygen, a waxy
compound, such as polyolefins, can be added to the composition. It is believed
that as a consequence of their appropriate solubility in the mixtures, they float on
top of the mixture at the start of polymerization and form a thin protecting layer
between atmospheric oxygen and the polymerizing mixture. Additionally, auto-
oxidizing compounds like allyl ethers can be added that prevent inhibition of

polymerization by oxygen in some cases.
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The negative composition of the present invention comprises an alkali
soluble polymer, an unsaturated photopolymerizable monomer and a
photoinitiator. The concentration of the polymer can range from about 10
weighi% by total solids of the photoresist to about 50 weighi% by solids, the
concentration of the monomer can range from about 10 weight% by solids to
about 50 weight% by solids, and the concentration of the photoiniator can range

from about 0.5 weight% by solids to about 20 weight% by solids.

The negative photoresist composition of the present invention comprises a
polymer, a polymerizable monomer and a photoinitiator. The composition can
further include a thermal acid generator (TAG) and/or photoacid generator (PAG)
which produces an acid when exposed with radiation. It is believed that the acid
reacts with the acid cleavable group to make the photoresist more soluble in an
alkaline solution or stripper that removes the photoresist. It is desirable in one
embodiment to have the photoresist which remains on the substraie removed
after the processing of the substrate such that the photoresist is not part of the
device. The acid generated can either reduce the molecular weight of the
constituents of the photoresist and/or form groups that increase the solubility of
the photoresist. It is desirable to remove the photoresist in the best and cleanest
process possible. A thermal acid generator produces an acid upon heating. A
photoacid generator produces an acid when exposed to radiation and also by
heating; the radiation typically is at a different wavelength(s) as that used to
expose the photoresist. A flood exposure or an imagewise exposure may be
used to generate the acid, and the substrate may be further heated to break the
acid cleavable bond.

Any known thermal acid generators and photoacid generators may be
used alone or as mixtures. Any photoacid generators (PAG) may be used which
generates a strong acid capable of cleaving the acid cleavable bond present in
the composition of the present invention, particulary a sulfonic acid. Suitable
examples of acid generating photosensitive compounds include, without
limitation, ionic photoacid generators (PAG), such as diazonium salts, iodonium

salts, sulfonium salts, or non-ionic PAGs such as diazosulfonyl compounds,
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sulfonyloxy imides, nitrobenzyl sulfonate esters, and imidosulfonates, although
any photosensitive compound that produces an acid upon irradiation may be
used. The onium salts are usually used in a form soluble in organic solvents,
mostly as iodonium or sulfonium salts, examples of which are diphenyliodonium
trifluoromethane sulfonate, diphenyliodonium nonafluorobutane sulfonate,
triphenylsulfonium trifluromethane sulfonate, triphenylsulfonium
nonafluorobutane sulfonate and the like. Other useful onium salts such as those
disclosed in US patent applications with numbers US 2003/0235782, US
2004/0265733, US 2004/0229155, US 2005/0271974, and are incorporated
herein by reference. Other compounds that form an acid upon irradiation that
may be used are triazines, oxazoles, oxadiazoles, thiazoles, substituted 2-
pyrones. PAGs such as those described in US2002/0061464 are also useful.

Phenolic sulfonic esters, trichloromethyltriazines, bis-sulfonylmethanes, bis-

sulfonylmethanes or bis-sulfonyldiazomethanes, triphenylsulfonium
tris(trifluoromethylsulfonyl)methide, triphenylsulfonium
bis(trifluoromethylsulfonyl)imide, diphenyliodonium
tris(trifluoromethylsulfonyl)methide, diphenyliodonium

bis(trifluoromethylsulfonyl)imide, N-hydroxynaphthylimide triflate, and their
homologues are also possible candidates. Scheme 1 shows some examples of
photoactive compounds, where Ry and R, are (C-Cgalkyl or (C1-Cg)alkoxy
substituents and n =1-20, and R is independently selected from (C4-Cg)alkyl, (C+-
Csg)alkoxy, phenyl, styrylphenyl, (C4-Cg)alkoxy-styrylphenyl, furylethylidene, (C;-
Cg)alkyl substituted furylethylidene, naphthyl, (C4-Cglalkyl or (C4-Cg)alkoxy
substituted naphthyl. Mixtures of photoactive compounds may also be used. In
one preferred embodiment iodonium salts and sulfonium salts as photoactive
compounds are preferred, and sulfonium salts as photoactive compounds are

more preferred.



The photoresi st solutions from above were coated onto
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The thermal acid generator (TAG) used in the present invention may be

any that upon heating generates an acid which can cleave the acid cleavable

bond present in the invention, particularly a strong acid such as a sulfonic acid.

Preferably, the thermal acid generator is activated at 90°C and more preferably

at above 120°C, and even more preferably at above 150°C. The photoresist film

is heated for a sufficient length of time to react with the coating. Examples of

thermal acid generators are nitrobenzyl tosylates, such as 2-nitrobenzyl tosylate,

19



>2 2 1000 8 o Straight Good >4 3 1000 8 O Straight
Good >2 4 1000 8 O Straight Good >2

2,4-dinitrobenzyl tosylate, 2,6-dinitrobenzyl tosylate, 4-nitrobenzyl tosylate;
benzenesulfonates such as 2-trifluoromethyl-6-nitrobenzyl 4-
chlorobenzenesulfonate, 2-trifluoromethyl-6-nitrobenzyl 4-nitro benzenesulfonate;
phenolic sulfonate esters such as phenyl, 4-methoxybenzenesulfonate; alkyl
ammonium salts of organic acids, such as triethylammonium salt of 10-
camphorsulfonic acid. A variety of aromatic (anthracene, naphthalene or
benzene derivatives) sulfonic acid amine salts can be employed as the TAG,
including those disclosed in U.S. Pat. Nos. 3,474,054, 4,200,729, 4,251,665 and
5,187,019. Preferably the TAG will have a very low volatility at temperatures
between 170-220°C. Examples of TAGs are those sold by King Industties under
Nacure and CDX names. Such TAG'’s are Nacure 5225, and CDX-2168E, which
is a dodecylbenzene sulfonic acid amine salt supplied at 25-30% activity in
propylene gycol methyl ether from King industries, Norwalk, Conn. 06852, USA.

The photoacid generator and/or the thermal acid genefator, may be
incorporated in a range from about 0.1 to about 10 weight % by total solids of the
photoresist, preferably from 0.3 to 5 weight % by solids, and more preferably 0.5
to 2.5 weight % by solids.

The photoresist of the present invention may contain other components
such as additives, surfactants, dyes, plasticizers, and other secondary polymers.
Surfactants are typically compounds/polymers containing fluorine or silicon
compounds which can assist in forming good uniform photoresist coatings.
Certain types of dyes may be used to provide absorption of unwanted light.
Plasticizers may be used, especially for thick films, to assist in flow properties of
the film, such as those containing sulfur or oxygen. Examples of plasticizers are
adipates, sebacates and phthalates. Surfactants and/or plasticizers may be
added at concentrations ranging from about 0.1 to about 10 weight% by total
weight of solids in the photoresist composition. Secondary polymers may be
added to the composition of the present invention. These secondary polymers
provide properties that enhance the physical and lithographic properties of the

photoresist composition', such as providing scum-free development. Polymers
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containing hydrophilic groups are preferred. Examples of secondary polymers
are unsubstituted or substituted (meth)acrylic acid containing polymers or
copolymers, unsubstituted or substituted (meth)acrylate containing polymers or
copolymers, unsubstituted or substituted vinyl ester containing polymers or
copolymers, unsubstituted or substituted vinyl aromatic containing polymers or
copolymers, (meth)acrylic acid-styrene copolymers and novolak polymers.
Novolak polymers can be prepared from polymerization of phenol, cresols, di-
and trimethyl-substituted-phenols, polyhydroxybenzenes, naphthols,
polyhydroxynaphthols and other alkyl-substituted-polyhydroxyphenols and
formaldehyde, acetaldehyde or benzaldehyde. Secondary polymers may be
added at levels ranging from about 0% to about 70%, preferably from about 10%
to about 40% of fotal solids of the photoresist.

In producing the photoresist composition, the solid components of the
photoresist are mixed with a solvent or mixtures of solvents that dissolve the
solid components of the photoresist. Suitable solvents for photoresists may
include, for example, a glycol ether derivative such as ethyl cellosolve, methyl
cellosolve, propylene glycol monomethyl ether, diethylene glycol monomethyl
ether, diethylene glycol monoethyl ether, dipropylene glycol dimethyl ether,
propylene glycol n-propyl ether, or diethylene glycol dimethyl ether; a glycol ether
ester derivative such as ethyl cellosolve acetate, methyl cellosolve acetate, or
propylene glycol monomethyl ether acetate; carboxylates such as ethyl acetate,
n-butyl acetate and amyl acetate; carboxylates of di-basic acids such as
diethyloxylate and diethylmalonate; dicarboxylates of glycols such as ethylene
glycol diacetate and propylene glycol diacetate; and hydroxy carboxylates such
as methyl lactate, ethyl lactate, ethyl glycolate, and ethyl-3-hydroxy propionate; a
ketone ester such as methy! pyruvate or ethyl pyruvate; an alkoxycarboxylic acid
ester such as methyl 3-methoxypropionate, ethyl 3-ethoxypropionate, ethyl 2-
hydroxy-2-methylpropionate, or methylethoxypropionate; a ketone derivative
such as methyl ethyl ketone, acetyl acetone, cyclopentanone, cyclohexanone or
2-heptanone; a ketone ether derivative such as diacetone alcohol methyl ether; a

ketone alcohol derivative such as acetol or diacetone alcohol; lactones such as
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butyrolactone; an amide derivative such as dimethylacetamide or

dimethylformamide, anisole, and mixtures thereof.
The photoresist solution is prepared as is known in the art.

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
photoresist solution can be adjusted with respect to the percentage of solids
content, in order to provide coating of the desired thickness, given the type of
spinning equipment utilized and the amount of time allowed for the spinning
process.  Suitable substrates include, without limitation, silicon, copper,
aluminum, polymeric resins, silicon dioxide, silicon coated with metal layers,
metals, doped silicon dioxide, silicon nitride, tantalum, polysilicon, ceramics,
aluminum/copper mixtures; gallium arsenide and other such Group H/NV

compounds.

The photoresist coatings produced by the photoresist of the present
invention are particularly suitable for application to copper coated silicon wafers,
such as are utilized in the production of microprocessors and other miniaturized
integrated circuit components. A silicon/silicon dioxide wafer can also be used.
The substrate may also comprise various polymeric resins, especially
antireflective coatings. The substrate may have an adhesion promoted layer of a

suitable composition, such as one containing hexa-alkyl disilazane.

The photoresist composition solution is then coated onto the substrate,
and the substrate is treated at a temperature from about 70°C to about 150°C for
from about 30 seconds to about 6 minutes on a hot plate or for from about 15 to
about 90 minutes in a convection oven. This temperature treatment is selected
in order to reduce the concentration of residual solvents in the photoresist, while
not causing substantial thermal degradation of the compounds in the film. In
general, one desires to minimize the concentration of solvents and this first
temperature treatment is conducted until substantially all of the solvents have

evaporated and a coating of photoresist composition, on the order of 5-200 um
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(micrometer) in thickness, remains on the substrate. Multiple coatings may be
done to achieve thick films. In a preferred embodiment the temperature is from
about 95°C to about 135°C. The temperature and time selection depends on the
photoresist properties desired by the user, as well as the equipment used and
commercially desired coating times. The coating substrate can then be exposed
to actinic radiation, e.g., ultraviolet radiation, at a wavelength of from about 200
nm (nanometers) to about 450 nm, x-ray, electron beam, ion beam or laser
radiation, in any desired pattern, produced by use of suitable masks, negatives,
stencils, templates, etc. Generally, thick photoresist films are exposed using
broadband radiation, using equipments such as Ultratech, Karl Suss or Perkin
Elmer broadband exposure tools, although 436nm and 365nm Steppers may

also be used.

The photoresist is then 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 150°C, more preferably from
about 90°C to about 130°C. The heating may be conducted for from about 30
seconds to about 3 minutes, more preferably from about 60 seconds to about 2

minutes on a hot plate or about 30 to about 45 minutes by convection oven.

The exposed photoresist-coated substrates are developed by immersion
in a developing solution or developed by spray development process to form a
pattern in the photoresist film. The solution is preferably agitated, for example,
by nitrogen burst agitation. The substrates are allowed to remain in the
developer until all, or substantially all, of the photoresist coating has dissolved
from the exposed areas. Developers include aqueous solutions of ammonium or
alkali metal hydroxides. Preferred hydroxides are tetramethyl ammonium
hydroxide, sodium hydroxide or potassium hydroxide. Additives, such as
surfactants and buffers, may be added to the developer. 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

density of the photoresist. The imaged substrate may then be coated with
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dimethyl-2,5-hexanediol. The mixture was stirred under nitrogen until the alcohol
was dissolved. The stirred reaction was cooled to about -20 to -30°C and 385 g
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TABLE 6 Conmponent Ex. 14 Ex. 15 % Ex. 16 Ex. 17 Ex.
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(8.81mol) triethylamine (TEA) was added over 5-20 minutes. The reaction
mixture was stirred for an additional 30 minutes at -30°C and then warmed up
over night to room temperature without stirring. The reaction mixture was poured
into deionized (DI) water and extracted twice with diethyl ether. The ether fraction
was washed twice with DI water and then the ether fraction was separated and
dried over magnesium sulfate. The ether was stripped in a rotovap in a room
temperature water bath. The analysis of the product gave the following results:
1H NMR ((CD3)2C=0) 6 6.02 (s, 2H, CH2=), 5.57 (s, 2H, CH2=), 1.93 (s, 4H,
CH2CH2), 1.91 (s, 6H, =CCH3), 1.51 (s, 12H, C(CH3)2). 13C NMR (CDCI3) &
167.0, 138.2, 124.8, 82.4, 35.2, 26.1, 18.6. IR (neat) 2978, 1713, 1636, 1473,
1369, 1332, 1175, 937 cm-1.

Synthesis Example 2 Preparation of methacrylate monomer, 3-hexyne-2,5-diol

dimethacrylate

A 1 liter four-neck round bottom flask was fitted with a stopped dropping
funnel, thermometer and mechanical stirrer. After it was purged with nitrogen, the
1 liter flask was charged with 250 ml tetrahydrofuran (THF), 250 ml acetonitrile,
81 g (0.78 mol) methacryl chloride and 58 g 3-hexyne-2,5-diol. The mixture was
stirred under nitrogen until the alcohol was dissolved. The stirred reaction was
cooled to about -20 to -30°C and 90g (0.89mol) triethylamine (TEA) was added
over 5-20 minutes. The reaction mixture was stirred for an additional 30 minutes
at -30°C and then warmed up over night to room temperature without stirring.
The reaction mixture was poured into deionized (DI) water and extracted twice
with diethyl ether. The ether fraction was washed twice with DI water and then
the ether fraction was separated and dried over magnesium sulfate. The ether
was stripped in a rotovap in a room temperature water bath. The analysis of the
product gave the following results: 1H NMR & 6.12 (s, 2H, CH2=), 5.90 (s, 2H,
CH2=), 1.91 (s, 6H, =CCHB3), 1.30 (s, 12H, C(CH3)2).
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Examples 1-13 and Comparative Example 1

The copolymersfterpolymers and the identity of components used to
produce various formulations described herein are disclosed in Table 1 and

Table 2. Unless otherwise specified, all parts and percentage are by weight.

TABLE 1
Polymer Composition (molar percentage) Mvc:,Iepular Manufacturer
A % B % C % Weight

PolyGK55 hydroxystyrene 55  t-butyl methacrylate 45 11,500 DuPont
PolyGK65 hydroxystyrene 65  t-butyl methacrylate 35 11,500 DuPont
PolyGK81 hydroxystyrene 81  t-butyl methacrylate 19 11,000 DuPont
PolyGlJ60 hydroxystyrene 60 t-butyl acrylate 20 styrene 20 11,000 DuPont
PolyGlJ70  hydroxystyrene 70 t-butyl acrylate 15 styrene 15 11,900 DuPont
PolyHM30 hydroxystyrene 30 methyl methacrylate 70 15,000 DuPont
PolyHM55  hydroxystyrene 55  methyl methacrylate 45 17,000 DuPont
PolyGIK67 hydroxystyrene 67  t-butyl methacrylate 16 styrene 17 11,000 DuPont
PolyGIK70 hydroxystyrene 70  t-butyl methacrylate 10 styrene 20 12,000 DuPont
VPT104s  hydroxystyrene 75 {-butoxystyrene 25 10,000 Nippon Soda
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14.7 DVHVA 16. 26 16.62 16.74 15.08 20.5 Irgacure 907
4.56 4.53 4.56 4.53 3.0 4.39 Irgacure 819 3.04 3.02
3.04 3.02 3.0 4.39 Megafac ROB

TABLE 2

Component Name Manufacturer

Novolak Cresol novolak resin AZ® Electronic Materials USA Corp.
Aromatic acid acrylate half ester

SB404 (56% in PGMEA) Sartomer
acrylic acid-styrene copolymer

Joncryl 611 (MW=8100) Johnson Polymer
SR-214 1,4-butanediol dimethacrylate Sartomer

CN371 Amine modified acrylic oligomer Sartomer

SR-268 Tetraethylene glycol diacrylate Sartomer
2-Methyl-1[4-(methylthio)phenyl]- . .

Irgacure 907 2-morpholinopropan-1-one Ciba Specialty
Bis(2,4,6-trimethylbenzoyl)- . .

Irgacure 819 phenylphosphineoxide Ciba Specialty

ITX Isopropylthioxanthone Aldrich

Iconol TDA 9 Tridecyl alcohol ethoxylate (9EO)  BASF

Kalle G-line dye = Dye AZ® Electronic Materials USA Corp.

TPSNf Triphenylsulfonium triflate Toyo Gosei
Dinonylnaphthalene monosulfonic .

TAG 2359 acid salt Kelly Chemical

Megaface RO8 Fluorosilicon modified nonionic Dainipoon Ink Compan

9 surfactant (90% active in PGME) PP pany
PGME Propylene glycol methyl ether Dow Chemical
PGMEA Propylene glycol methyl ether Dow Chemical

acetate

The photoresist compositions were formulated by mixing the components

according to the formulations of Table 3 and 4. All the constituents were supplied

at room temperature.
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Energy (mJ/cnR) Film

Thi ckness
TABLE 3

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7 Ex. 8
Component % % % %o % % % %
PolyGK65 23.79 27.01 2379 2271
PolyGIJ60 31.03 29.39 14.25
PolyGIJ70 27.01 14.25
SR-268 9.52 12.15 11.90 11.36 15.51 14.69 13.50 12.83
DMHMA 14.28 14.85 11.90 11.36 15.51 14.69 13.50 15.68
Irgacure 907 2.38 2.70 2.38 4.54 3.10 5.88 2.70 4.28
Irgacure 819 2.38 2.70 2.38 4.54 3.10 5.88 2.70 4.28
Megafac R08 0.07 0.08 0.07 0.07 0.09 0.09 0.08 0.09
PGMEA 47.58 40.51 4758 4542 31.66 29.38  40.51 34.34
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

TABLE 4
Ex. 9 Ex.10 Ex. 11 Ex.12 Ex. 13 Comp. Ex. 1

Component % Y% % % % %
SB404 39.48
PolyGIK67 21.63
PolyGIK70 27.01
VPT104S 27.01
PolyHM55 27.01
PolyHM30 27.01
SR-268 10.82 13.50 13.50 16.20 16.20 13.52
DMHMA 10.82 13.50 13.50 10.80 10.80
Irgacure 907 2.16 2.70 2.70 2.70 2.70 2.31
Irgacure 819 2.16 2.70 270 2.70 2.70
Megafac R08 0.06 0.08 0.08 0.08 0.08 0.07
CN371 0.81
ITX 0.61
Kelle G-Line Dye 0.05
Iconol TDA 9 0.35
PGME 6.00
PGMEA 52.35 40.51 40.51  40.51 40.51 36.80
Total 100.00 100.00 100.00 100.00 100.00 100.00
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The photoresist solutions from above were coated onto 6 inch (15.24 cm)
silicon wafers and baked at 115°C for 4-10 min to remove the solvents to achieve
a film thickness of 20-60 um. The coated wafers were exposed with a Carl Suss
MAZ200 mask aligner at energy ranging from 500-2500 md/cm?. The wafers were
developed in an aqueous solution of a 0.261 N tetramethylammonium hydroxide
developer.

The exposure energy required to retain the pattern on the mask was
calculated for each sample. The film thicknesses before and after development
were measured with a Foothill KT-22 film thickness measurement tool (available
from Foothill Instruments, La Canada, CA) and film thickness loss was
calculated. The results obtained are presented in Table 5. The wafer surface
quality was checked under an optical microscope. In Table 5, the symbol “O”
indicates that the photoresist surface was smooth and shiny due to insignificant
dissolution in the developer, whilst the symbol “X” indicates that the surface was
not smooth due to dissolution of photoresist in the developer. The side wall
profile and adhesion to the substrate were evaluated according to SEM
observations. The resolution was evaluated by calculating the ratio of film

thickness/smallest feaiure retained. Results obtained are shown in Table 5.
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Resi dues Exanple 19 to 21 and Conparative Exanple 3
and 4 The phot oresi st conpositions were fornul ated
according to Table 8. 0.28 % TPSNf and 0.58 % TAG 2359
were used in the formul ati on of Exanple 20 and 21,
respectively, as shown in Table 8 No PAG or TAG was
used in the fornulation of Exanplel9. The

phot oresists were evaluated lithographically as in
Exanple 1-8 and the results are shown in Table 9.
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10 1400 12 X Undercut Medium
11 1500 10 X Undercut Medium
12 2000 6 0] Undercut Medium
13 2000 (0] Undercut Medium

1 600 3 0] Straight Bad 1 Yes

Test for Copper Plating Compatibility

The photoresist of Example 6 was coated on a copper plated 6 inch (15.24
cm) silicon wafer, followed by drying on a hot plate at 115°C for 5 min, to obtain a
coating with a film thickness of 20 um. The film coating was exposed with a Carl
Suss MA200 mask aligner at energy of 1000 mJ/cm®. The development was
carried out with 0.261 N aqueous solution of tetramethylammonium hydroxide.
The compatibility study between the photoresist and electrolyte (Microfab® Cu
200) was carried out to ensure that the elecirolyte does not attack the photoresist
under chemical and elecirochemical conditions. No cracking and adhesion failure
of photoresist were observed. Microfab® Cu 200 (from Enthone Inc. Orange, CT
06477) was used as the electroplating solution. Plating Cu bumps was performed
from a beaker with 2 cm x 2 cm patterned wafers at current density of 4
Amps/decimeter® (ASD) for 30 min. Plated Cu structures varied in thickness with
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Pol yG1J70 27.37 28.07 28.79 Pol yGK81 20.73
SR-268 12.32 12.63 12,96 14.24 10. 37 DVHVA 15. 06 15.44
15.84 9.49 10.37 lrgacure 907 4.11 4.21

current density and plating times. After plating, the photoresist was removed with
AZ 400T stripper available from AZ Electronic Materials USA Corps, Somerville,
New Jersey. Plated Cu structures and cross sections of the resist sidewall
profiles were evaluated by scanning electron micrographs (SEM) using AMRAY
4200L electron microscopes. The surface of the photoresist was smooth with no
cracking, showing compatibility with the plating solution. Due to the similarity of
the chemical structure of the base polymers, it can be expected that other
photoresists of Example 1-5 and Examples 7 and 8 are also compatible with Cu
plating solution.

SB404 oligomer was used to prepare the photoresist of Comparative
Example 1. The same evaluation as above in Example 6 was done to evaluate
the performance of the photoresist and the results are given in Table 5. The
comparative example 1 photoresist showed less adhesion and lower resolution
than the photoresists of Example 1-8, but was compatible with the copper plating

solution.

Examples 14 to 18 and Comparative Example 2

Example 14-18, as shown in Table 6, show use of the additional secondary
polymers to the photoresist formulation. The novolak content varied from 30 % to
50 % in base polymers for Example 14-17. In Example 18, the acrylic acid-
styrene copolymer was 13.4 % of the base polymers. The photoresists were
formulated according to Table 6. The same lithographic evaluation as in Example
1-8 was made and the results were given in Table 7. The photoresists exhibited

good lithographic performance although higher exposure energy was needed.

In Comparative Example 2, 100 % novolak was used as the base polymer.
The photoresist did not show good lithographic performance.

31



4.32 2.37 3.11 |Irgacure 819 2.74 2.81 2.88 2.37 3.11

TPSNf 0.28 0.24 041 1ARX2396 0.58 Megaf ac RO8
0.08 0.08 0.09 0.07 0.06 PGQVEA
TABLE 6
Ex. 14 Ex.15 Ex.16 Ex.17 Ex. 18 Comp. Ex. 2
Component % Y% Yo Y% % %
PolyGK55 21.30 15.08
PolyGK65 21.30
PolyGIJ60 21.15 29.5
Joncryl611 4.6
novolak 9.13 9.07 9.13 15.08 29.29
SR-268 1217 13.60 13.68 15.08 14.7 8.79
SR-214 14.7
DMHMA 18.26 1662 16.74 15.08 20.5
Irgacure 907 4.56 4.53 4.56 4.53 3.0 4.39
irgacure 819 3.04 3.02 3.04 3.02 3.0 4.39
Megafac R0O8 0.09 0.09 0.09 0.09 0.11 0.09
PGMEA 3145 3192 3146 32.04 30.4 32.55
Total 100.00 100.00 100.00 100.00 100.00 100.00
TABLE 7
_FiIm _
(53?(:21%) Thlfcl:g: 58 %Jur;elli?; a',iﬁ Adhesion Resolution
(%)

14 1500 6 o) Straight Good >4
Example 15 1200 5 0] Straight Good >4

16 1000 5 o Straight Good >4

17 1500 7 (0] Straight Good >4

18 1000 5 0] Straight Good >4
g)‘(’;“rﬁ;f“"e 2 2500 12 X  Footing Residues /

Example 19 to 21 and Comparative Example 3 and 4

The photoresist compositions were formulated according to Table 8. 0.28 %
TPSNf and 0.58 % TAG 2359 were used in the formulation of Example 20 and
21, respectively, as shown in Table 8. No PAG or TAG was used in the
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38.32 36.48 34.54 47.48 51.84 Total 100.00 100. 00
100. 00 100.00 100.00 TPSNf - Triphenyl sul foni um nonaf

| ate TAG 2396 - Di nonyl napht hal ene nonosul foni ¢ aci d
sal t TABLE 9 Ener gy

formulation of Example19. The photoresists were evaluated lithographically as in
Example 1-8 and the results are shown in Table 9. Additionally, after
development the patterned photoresist films of Example 19 and 20 were exposed
under a Deep UV lamp at 130 mJ/cm? and followed by a postexposure bake of
80°C for 30 seconds. The photoresist film of Example 20 was removed from the
substrate after immersion in a 0.261 N aqueous solution of
tetramethylammonium hydroxide at room temperature for 20 min. The
photoresist film of Example 19 was retained on the substrate under the same
conditions of stripping as Example 20. The patterned photoresist film of Example
21 was hard baked on a hot plate of 200°C for 2 min and was removed from the
substrate after immersion in a 0261 N aqueous solution of

tetramethylammonium hydroxide at room temperature for 20 min.

TABLE 8
Ex.19 Ex.20 Ex. 21 Comp. Ex. 3 Comp. Ex. 4

Component % % % % %
PolyGK65 23.74
PolyGlJ70 27.37 28.07 28.79
PolyGK81 20.73
SR-268 12.32 12.63 12.96 14.24 10.37
DMHMA 15.06 15.44 15.84 9.49 10.37
Irgacure 907 4.11 4.21 4.32 2.37 3.11
Irgacure 819 2.74 2.81 2.88 2.37 3.11
TPSNf 0.28 0.24 0.41
TAG2396 0.58
Megafac RO8 0.08 0.08 0.09 0.07 0.06
PGMEA 38.32 36.48 34.54 47.48 51.84
Total 100.00 100.00 100.00 100.00 100.00

TPSNf - Triphenylsulfonium nonaflate

TAG 2396 - Dinonylnaphthalene monosulfonic acid salt
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(md/cnR) Film Thickness Loss (% Surface Quality Side
Wal | Adhesion Resolution Stripped in devel oper 19
1300 10 O Straight Good >2 No Exanple 20 1500 11 O
Strai ght Good

TABLE 9
Energ;; Thiic:::irr?ess Surfa'ce Side Adhesion Resolution Stripped in
(md/cm®) Loss (%) Quality Wall developer
19 1300 10 0o Straight Good >2 No
Example 20 1500 11 (0] Straight Good >2 Yes
21 2000 11 0] Straight Good >2 Yes
Comparative 3 1000 7 0 Straight  Good >2 Yes
Example 4 2500 12 X Footing  Fair >1 Yes

In Comparative Example 3 and 4, 0.24 % and 0.41 % TPSNf were mixed in
the formulation, as shown in Table 8. The same lithographic evaluation as
Example 20 was done for Comparative Example 3 and 4, and the results are
given in Table 9. After the Deep UV exposure and postexposure bake, the
photoresist film of Comparative Example 3 was immersed in a 0.261 N aqueous
solution of tetramethylammonium hydroxide, and the photoresist film was
removed from the substrate in 40 minutes. In Comparative Example 4, the
photoresist film was removed from the substrate in 0.261 N aqueous solution of
tetramethylammonium hydroxide after Deep UV exposure and PEB. However,
the lithographic evaluation of Comparative Example 4 showed undesirable

footing.
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>2 Yes 21 2000 11 O Straight Good >2 Yes Conparative
3 1000 7 0 Straight Good >2 Yes Exanple 4 2500 12 X
Footing Fair >1

Claims

1. A negative photoresist composition comprising;

a) at least one alkali-soluble polymer, where the polymer comprises

at least one unit of structure (1),

(R)y, OH
(0
where, R’ is selected independently from hydrogen, (C4-Cs)alkyl, chlorine and
bromine, and m is an integer from 1 to 4;

b) at least one monomer of structure (l1),

0 O R
Re 4 I 4
e
R, Re n

(i)

where, W is a multivalent linking group, R to Re are independently selected from
hydrogen, hydroxy, (C4-C) alkyl and chlorine, X; and X; are independently

oxygen and n is an integer equal to or greater than 1; and,
C) at least one photoinitiator,

and, further where the monomer of structure (ll)) comprises an acid-cleavable

group and the alkali-soluble polymer further comprises an acid-cleavable group.
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Yes I n Conparative Exanple 3 and 4, 0.24 % and
0.41 % TPSNf were mixed in the fornul ati on, as shown
in Table 8. The sane |ithographic evaluation as
Exanpl e 20 was done for Conparative Exanple 3 and 4,

2o o DB o A PR P B R 0 s
derivéea efonCenamndieresdi¥aerl feord mdrdnyerw@@b l@h@d&%@%tw‘bne 3-

egueous sol ution of tetranethyl amoni um hydroxi de, and

bylghbydioxystyrena, | B, frsdmethd ey droxisiXTRBE s UBRY r &% 2-dilifomo-4-

In Conparative Exanple 4, the photoresist
h?&ﬁwagg&}%emved fromthe substrate in 0.261 N aqueous

soI ution of tetranethyl amoni um hydroxide after Deep
ﬁgosure and PEB. However, the litho
eval

£ GHNBPSIERReratding tegkaipl 4. Maisvibe %]k%'é@p g olymer
f{rﬁ@r'c‘&%pr;s@s%{t'@as@‘o’%@gﬁdlY&a‘i’%rﬂfrﬁé‘mﬁﬁm?omos' tion

east one al kal'i'-sol ubl e
pol yner, where the pol yner conprlses at | east one unit

47 STRAS LR bt S el o SRS ronemerc unt

déﬂ@e@rﬂmﬁ“ea anendmnked @@Ie‘c’i&cﬁgﬁ'brrfrﬁf@tﬁylt erfbth acrylate n—butyl
at | east one nononer of structure (I

rm@tr[a@rylaw pkenyl- - (methagyl@eR3 Fenzyl (methacrylate) styrene,
hydroxystyrene with an acid cleavable group, an ethylene comonomer with an

acid cleavable group, and norbornene derivative with an acid cleavable group.

5. The composition of claim 1, where the acid cleavable group of the
monomer is selected from C(0O)-O-C, C-O-C and C-O-Si.

6. The composition of claim 1, where the multivalent linking group, W, is
selected from at least one of a polymer, (C1-Cy) alkylene and (C,-C3) alkoxylated
(C1-Cyo) alkylene.

7. The composition of claim 1, where in structure (I1), n ranges from 1 1o 7.

8. The composition of claim 1, where the compound of structure (ll) is a

di(meth)acrylate monomer.

9. The composition of claim 1, where the photoinitiator is at least one of 1-
hydroxy cyclohexyl phenyl ketone, 2,2-dimethoxy-1,2-diphenylethan-1-one,
bis(2,4,6-trimethylbenzoyl)phenylphosphineoxide, 1-[4-(2-hydroxyethoxy)phenyl]-
2-hydroxy-2-methyl-1-propane-1-one, 2-benzyl-2-dimethylamino-1-(4-
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where, Wis a multivalent |inking group, R to R6 are
i ndependently sel ected from hydrogen, hydroxy,
(C1-C20) alkyl and chlorine, X, and X2 are

i ndependently oxygen and n is an integer equal to or

"%{HEI?‘EJ?\EPP ggﬁb&qtag&% furt hercz/\,h.z1 —rl'r%ﬂg/ﬁ-r}g[gg(ﬁﬁthwhio)phenyl]-2-
wﬂrﬁmmﬁddd-i)on@aﬁaizi rBRy-2GhatHiA-¢ PRIl Ep 2P -BRE.

the a -sol ubl e po r further "conpri ses an
aci d- cl eavabl e group. 2. The conposition according

o claiml ere the upi f structure (1) is derived
1By on B oS icc s pafipsSHp Rt & SrondBry Bl
4- hydr oxystyrene, 3- nethyl-4-hydroxystyrene,
3, 5-di et hy1- 4- hydr oxystyrene, and 3, 5-di brono-4- hyd
11 oxy$he resmeposition Phelaionpos Whiess the secandaryt polymarnis 1selected

RS aPsbRE i o SetRuBarari gt ‘A0 GREBRRS Sfmers or
cesoIpoetd, | subktithed Br ubshitted (Metrgddiyldte nedntainimgnpslymers or
unit is derived froma nononer selected from nethy

copRlYMpEsr Ynsitkstityied uer | substtuted ryindt ester ppriHgining “polymers or
c%@%@&r ytljr?stu%gtitu?ﬁ%\‘ls&@ﬁ%ﬁ%{&ﬁ\yga%eméﬁéf rc%rﬂ\‘f‘%lip]ing polymers or

oxystyrene w an acl roup,
cepdiyiners @oathiasrpliic aditistyenacogolyimesas apidenayotakppolgmebrs.
nor bornene derivative with an acid cl eavabl e group.
5. The conposition of claim1, where the acid
18! eaypbl @it rPbf EBfn MONBDId 8f ffftrtd 8kilfy With a thickness i
C(0) @Qé% -O-Cand GO Si. r6‘36. The corrposiI tion of onessin
thel minge of 2wirarte 200eumul ti val ent |inki ng group, W is
selected fromat |east one of a polyner, (Cl-CA
al kyl ene and (C2-C3) al koxylated (Cl-Ca) alkylene. The
1§_Oﬂpp\§ir{)b@g§ fibf'tirﬁ @i‘n@aéneqégﬁfeepﬁd?o%sfs!ﬂ%bmp?is(dld the é%eps of,

range rom e conposition of clfaim 1,

wher g\ t he - f )y b " :
i (2t ) ol 4 o THHSpUIE cbutlg Bfine composilion of claim
1Dbn abebbsirdtbe photoinitiator is at |east one of 1-
hydr oxy cycl ohexyl phenyl ket one,
2, 2- gy et hgaxgewis@-alppbrigyiret pasdtotegistewith an exposure equipment;
bi s(2, 4, 6-trimet hyl benzoyl ) phenyl phosphi neoxi de,
and4- (2- hyd roxyet hoxy) phenyl] - 2- hydroxy- 2- met hy1-1
- propane-1 -one, 2- benzyl- 2-di net hyl am no- 1- ( 4-
mor plipl i nd@valeningibe saatieg ithe dgvelomer. (et hyl t hi o) phe
nyl] - 2- nor phol i nopr opan-1-one, and
2- hydr oxy- 2- nmet hyl- 1- phenyl propan-1-one. 10. The
140NPUEEt pkess 6f aldinl,13f UVhERY theNPidtdretistacssvandadsy a film
pol ymer. 11.The conposition of claim10, where the
thickhesdan thepsingeedf 2 smstel 206 w@. f r om unsubstituted or
substituted (nmeth)acrylic acid containing polyners or
copol ynmers, unsubstituted or substituted
16 et Thacpiceise eeddrdiny Mo RAAIMTEISS waiereopadiyti®r Sfor imagewise
unsubstituted or substituted vinyl ester containing
exsHie has syavelgth e gseatgh hans2?@nifed or substitut ed
vinyl aromatic containing polyners or copol yners,
(rmeth)acrylic acid-styrene copol ynmers and novol ak
190l yhe sprotdsdhef claimod Bt ifomhef cohwirisinh, acapsblod @moving the

formng a filmwith a thickness in
photoresis% coating rHom the substrate.
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the range of 2 urn to 200 urn. 13. A process for

i magi ng a negative photoresist conprising the steps

of , a) formng a |l ayer of photoresist coating
fromthe conmposition of claim1 on a substrate,;

b) i magew se exposing the photoresist with an exposure

equi pnent; and, d)devel oping the coating with a
1develrpegirocdss Jhetaln AGesehedé thé abmolidg stbprodnifitses heating the

hot or esi st coati ng has a filmthickness in the range

pg@tozeﬁjstnppatlrm)cﬁﬂ% thes deNeloping S5, a8Rer @MY NG tbeaphotore&st

G TR S Bal 8 b ad R AR M, O e o

cI a|m13 further conprising a step of renoving the

hot reS|st coating.fromthe substrate. 17.. Th
gfoc 88 Bcerai th ¢BiMwiver &t PRIMBUPIRG SXRESIRYNPE: Bhgtoresist

cQd eg, é‘lg%rfjthé dehel O%@S%@b coating after the devel opi ng

renpvi e photoresist coating fromthe
substrate in an aqueous al kaline solution. 18. The

180t SPesmopSeD sl digmar HerWine” T GedpltRgT R oeran aqueous
sJUﬁorﬁ"‘c@ﬁﬁﬁ@lr@{ aCleakMisd coWb%hﬂdtsté%di@d’@ﬂo@rP@étré?ﬁQMI §ﬁ*ﬁnon|um

an agueous sol ution conprising at |east one conpound
hwﬁbé@keaoﬂwahhy@mvah%a££p0hwﬁWﬁﬂbwﬁmyakbxude sodi um

hydr oxi de and pot assi um hydroxi de. 20. The

conposition of claiml1l, where the acid cleavabl e group

20f tiTRe NBHYARBSItI6ANDY ickBm A, t @hticAne caciBodleataie group of the
adj acent to X1 and/or X2. 21. The conpositiaon of

MENgMArEoMRlisese tarbaiyrqash ey atorn reliafent i Kd agems e or

and/ or a photoacid generator. 22. A negative

photoresit conposition conprising: a)at |east one

28l kaThe sompidsitiqro| ofnelaim viheéughémeorpptisingra teemral sesd generator
| east one unit of structure I, (I) where, R is

aop tRIWI9FIR SEABEHET y from hydr ogen, (Cl-C4)al kyl,
chlorine and bromne, and mis an integer from1l to 4,

b) at | east one nononer selected from

22, 5- dinegiiyé phoforaeik aneghosltiodi domepriracy yl at e) and

2, 5- d thyl-2, 5-h di ol
&) "af) | ead FaRESRR ARG e G D’ ARG ALE Geber Emprises at
IcRBPbHAE BRIt DF sGRERPSI LI on conpri si ng:

(R),, OH
V)

where, R’ is selected independently from hydrogen, (C4-Cs)alkyl, chlorine and

bromine, and m is an integer from 1 to 4,
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a) at |east one al kali-soluble polyner, where the

pol ynmer conprises at |east one unit of structure I,
(1) where, R is selected independently from hydrogen,
(CD-C4)al kyl, chlorine and bromne, and mis an

i nteger f .
str ugfur eéﬁ@la%t I)Re r}gm?r feﬂ%eteatf% ?§ d@é‘lﬁhglgﬂ%qﬁéxa%edlol
dittlethacaylaty) drionk BWW\@EW,ﬁ-RéXBDyr’E@d&ﬂ di(mudepapres) hyd

sel ected from hy dro% hydr oxy, (Cl-C20) al kyl and

chl of) ne, akeaghanephaiciniiid@ependent |y oxygen and n is

an integer equal to or greater than 1; and, c)

at | east one photoinitiator, and, further where t he

23l kahi negmltiublp@o@byi&énorfnposiltien coanpisirges an

aci d-cl eava@é@t rou a ﬁi/or t he nongner of structure

(11)3tonmpft ?le é‘ lét%{@;%ﬂl)@n%rr re Ahg PP qu{eq:omprlses at

lIe¥eehRe LB 7Q eﬁfréqon corrprl ses a thermal acid
generator and/or a photoacid generator.

(R OH
0

where, R’ is selected independently from hydrogen, (C4-Cas)alkyl, chlorine and

bromine, and m is an integer from 1 to 4,

b) at least one monomer of structure (il),

R, O - 0O R,
i Il
. %me xz—c“&YRS
2
R Rs n

where, W is a multivalent linking group, R1to Rg are independently selected from
hydrogen, hydroxy, (C4-Cso) alkyl and chlorine, X; and X, are independently
oxygen and n is an integer equal to or greater than 1; and,

C) at least one photoinitiator,
and, further where the alkali-soluble polymer further comprises an acid-cleavable
group, and/or the monomer of structure (Il) comprises an acid-cleavable group,
and further where the composition comprises a thermal acid generator and/or a

photoacid generator.
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