NEGATI VE PHOTORESI ST COVPOSI TI ONS FI ELD OF | NVENTI ON
The present invention relates to a |ight-sensitive
woe@atiiores phot or esi st conposi ti on, conpri si ng BCT/IB2007/000899
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)acryl ate groups.
Preferably the photoresist filmhas a thickness
greater than 5 mm (mcrons). The invention further
provides for a process for coating and i mging the
light-sensitive conposition of this invention.
BACKGROUNDNEGATHIE RIS ISHOEIMROSITIONS0si t i ons
are used in mcrolithography processes for making
mniaturized el ectronic conponents such as in the

fabrication of conputer chips and integrated circuits.
| 1J t hese processes, a coating of a film of
FIE i Ncon‘position is first applied to a
suﬁ_?‘trate material, such as silicon wafers used for
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Con{gogrﬁghlc;fmgr,mlgnprocesses When negati ve-wor ki ng
phot oresi st conpositions are exposed i magew se to

radi ati on, the areas of the photoresist conposition
I 2t becone | ess soluble to a
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compyiigr; S,AQd iMegeat rejiitse  Generally, in these processes, a coating
of a film of a photoresist composition is first applied to a substrate material, such

as silicon wafers used for making integrated circuits. The coated substrate is
then baked to evaporate any solvent in the photoresist composition and to fix the
coating onto the substrate. The baked coated surface of the substrate is next

subjected to an image-wise exposure to radiation.

This radiation exposure causes a chemical transformation in the exposed
areas of the coated surface. Visible light, ultraviolet (UV) light, electron beam
and X-ray radiant energy are radiation types commonly used in microlithographic
processes. When negative-working photoresist compositions are exposed image-
wise to radiation, the areas of the photoresist composition exposed to the
radiation become less soluble to a developer solution while the unexposed areas

of the photoresist coating remain relatively soluble in such a solution. Thus,



a negative image in the coating, thereby uncovering a
desired portion of the underlying substrate surface on
wakdochia7ne phot or esi st conposi ti on was for ned. P&F/1B2007/000899
devel opment of the photoresist film the now partially

unprotected substrate may be treated with a
substrat e-etchant solution, plasma gases, or have
netal or netal conposites deposited in the spaces of
t he substrate where the photoresist coating was
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opdrhiiGk Medfing & patihtdl S0bsitiatd Serfdcange of 5 mmto 100 mm
so that high aspect ratios (resist thickness to |line
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vertical sidewalls, inproved adhesion on netal and )
useg in; B Intagrated fpigauit manufacturing of critical layers. Both feature size
and photoresist thickness is typically in the range of 5 um to 100 um, so that high
aspect ratios (resist thickness to line size) have to be patterned in the

photoresist.

Devices manufactured for use as microelectromechanical machines also
require very thick photoresist films in order to define the components of the
machine.

It is the object of the present invention to provide a negative photoresist
useful for imaging thick photoresist films, preferably as thick as 200 um, which
provide good lithographic properties, particularly photosensitivity, high aspect
ratio, vertical sidewalls, improved adhesion on metal and silicon substrates,
compatibility with electroplating solutions and process, reduced photoresist film

cracking, ease and clean removal of the photoresist film after processing, and



conpatibility with electroplating solutions and

process, reduced photoresist filmcracking, ease and
web@anieresroval of the photoresist filmafter PCT/IB2007/000899

processi ng, andi nproved environnental stability. The

applicants of the present invention have found that a

phot oresi st conprising an al kali-sol uble resin, where

the pol yner conprises at | east one phenolic group

derived froma hydroxystyrene nononer, at |east one
impsoaenviroramental stadpilityt The applieands p}ﬁdh@ fuESeRtrinyemijan have
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| east one unit of s cture Zfl where, R is
propertiesvten imigesh gepraialiy foo thicly mgmwto 200 wval kyl ,
chlorine and bromne, and mis an integer from1l to 4;
b) at | east one nononer of structure ("1), (11) where,
SuMrisggya nul tivalent linking group, Ri to R6 are
i ndependent|y sel ected from hydrogen, hydroxy,
( CITKe2 Qresety invendol Niefdteselo 4 rRigeiive @’icﬁoresmt composition

i ndependent |y oxygen or N\R7, where R7 is ol en or
COW@%E@&) ) &l Irgst ongnhalkaliseluple pelyeissr whgteaihe %0 yner comprises
at ISéﬁQin%rurhmrbtlbctLﬁQ‘%ll)C) at | east one photoinitiator.
he invention also relatesto a process for imaging the
negati ve photoresi st conposition. The invention
further relates to the uge t he above conposition as
a negative photoresi st or formng a |ayer of a
negati ve photoresi st on a substrate. Description of
the Invention The novel pp esi st of the present
i nvention provides for a -sensitive negative
phot oresi st conposition usef for imaging thick
films, conprising an al K&y, s@Hubl e polyner, a

phot oi ni ti at or, and at | eas(}) one phot opol yreri zabl e

where, R’ is selected independently from hydrogen, (Ci-Ca)alkyl, chlorine and
bromine, and m is an integer from 1 to 4; b) at least one monomer of structure

(I,

(1)
where, W is a multivalent linking group, R to Rg are independently selected from
hydrogen, hydroxy, (Ci-C20) alkyl and chlorine, X; and X, are independently
oxygen or N-Rz, where Ryis hydrogen or (C{-Cy) alkyl, and n is an integer equal

to or greater than 1, and c) at least one photoinitiator. The invention also relates



nonomer conprising 2 or nore (neth)acryl ate groups,
where the pol yner conprises at |east one phenolic
w@emapldes i ved from a hydroxystyrene nonomer. HAEEIB2007/000899
i nvention further provides for a process for inaging
t he photoresi st of the present invention, especially
where the thickness of the photoresist is greater than
about 5 mm and, particularly, where the process
conprises a S|ngle exposure step. Photoresist filns as
to a pradesasfoatimagings thernegativeapbotoresist aempesitiod Thedawention
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further relates to a process for inmaging the negative
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be of structure (I111), where, R' is independently
conISGLy from hydrogen, (d-CvQalkyl, and R8 is a

The alkali soluble polymer of the present invention comprises at least one
unit of structure (l), referred to in the present application as the unit comprising a
phenolic group derived from the hydroxystyrene monomer,

(K OH
0)



substituted or unsubstituted aromatic group, hydrogen,

substituted or unsubstituted alicyclic group, |inear
weeoobnariched al i phatic group containing 1 to 2BCTEB20@Y000899

atons. R8 can further conprise hetero atons, such as

t hose chosen from oxygen, nitrogen and hal ogen (such

as fluorine, chlorine and bromne) atons to form

groups such as al cohol, ether, ester, am ne, am de,

pendant halide groups or urethane R8 ma

whesgerfyl i isetedigd gindapendanily &oms Jsirogen; zCaﬁa)alkyl chlorine,
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moRpTPG HRItE TP STEIPYECLRENE Presailipe, B aagple forming
a téﬁ%&l?ﬁ\g" or ﬁttgﬁépolﬁ%bﬁrTheaéBrﬁ&qorﬁEﬂlcgﬁnl@ ey isd Besteuctin (1),

exenplified by groups such as substituted and
unsubstltuted phenyl; esters; aral kyl; alkyl ethers;
i near and branched aIkyIéW'such as nethyl, ethyl,
propyl, isopropyl, butyl, t-bytyl, pentyl, hexyl and
the |like; cycloalkyls, s cycl ohexyl
cycl oheptyl, and the |ike; bjcycloal kyls, such as
bi cycl ohexyl ; adamantyls. |mRjhe above definitions and
t hroughout the present specification, unless otherw se
stated the ternms used are (l#gcri bed bel ow. Al kyl means
| i near or branched al kyl having the desirabl e nunber

wh%rf@ng',!@ari%?% gfogxg(ﬁ@]qrﬂlgséggt% ngorglrl?y?drglggx ! ((91[85%"&?’, and Rg is a
substituted or unsubstituted aromatic group, hydrogen, substituted or
unsubstituted alicyclic group, linear or branched aliphatic group containing 1 to
20 carbon atoms. Rg can further comprise hetero atoms, such as those chosen
from oxygen, nitrogen and halogen (such as fluorine, chlorine and bromine)
atoms to form groups such as alcohol, ether, ester, amine, amide, pendant halide
groups or urethane. Rg may be exemplified by groups such as substituted and
unsubstituted phenyl; esters; aralkyl; alkyl ethers; linear and branched alkyls,

such as methyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl, hexyl and the like;



cyclic or acyclic (i.e. noncyclic). Suitable acyclic
groups can be nethyl, ethyl, n-or iso-propyl, n-,

w0 s@711or3tert-butyl, Iinear or branched pent yPCT/IBxy1/400899
heptyl, octyl, decyl, dodecyl, tetradecyl and
hexadecyl . Unl ess otherw se stated, alkyl refers
t0l-10 carbon atom noeity. The cyclic al kyl groups may
be nono-cyclic or polycyclic. Suitable exanple of
nmono-cyclic al kyl groups include substituted

cyahgajkyd@,esmﬁ as cyclblodvepkytyclategpiyt y and tieptile; tgjcynjoeslkylé'hsuch as

R B %, B i C50bl oYl otdone,
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bi cycl o 2. 292}Joctane bi C)éwlo [3. 2. 1] oct ane,

theﬂ?%%Pb‘["@)’? HBaLdrscrikge |%WF‘6P3‘ » 2] decane, and
the |ike. Exanples of tricyclic alkyl groups include
tricyclo[5.4.0.0. 2>9]undgcane, tricyclo[4.2.1

. 2.7 9lundecane, tricyclgl5.3.2.0. 4 9]dodecane, and
tricyclo[5.2.1 .0.2 6]deglaney As nentioned herein the
cyclic al kyl groups may any of the acyclic alkyl
groups as substituents. Al klyl ene groups are dival ent
al kyl groups derived frs&yéﬁy of the al kyl groups
nment i oned her ei nabove. en ﬁkferring to al kyl ene
‘groups, these include an al kylRpe chain substituted
with (CrC 6)al kyl groups in the main carbon chain of

the al kyl ene group. Al kyl e(i¥)groups can al so include
one or nore al kyne groups in t he al kyl ene noi ety,

re al kyne r ferstoat Ie bond. Essenti gl | an, .
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hyl ene, 1, 2- et hyl ene,
grwpobgea;’n@r b@r&hg«ﬂ @phg’uc gmgontammg 1 to 20 carbon atoms and
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this invention is 4,8-b|s(neth Iene? tricyclo[5
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In the above definitions and throughout the present specification, unless
otherwise stated the terms used are described below.

Alkyl means linear or branched alkyl having the desirable number of
carbon atoms and valence. The alkyl group is generally aliphatic and may be
cyclic or acyclic (i.e. noncyclic). Suitable acyclic groups can be methyl, ethyl, n-or
iso-propyl, n-, iso-, or tert-butyl, linear or branched pentyl, hexyl, heptyi, octyl,
decyl, dodecyl, tetradecyl and hexadecyl. Unless otherwise stated, alkyl refers to



groups may further be substituted with any of the
appropriate substituents e.g. al kyl, al koxy, acyl or
wa@eoo/1graps nenti oned herei nabove. Simil arly,PCT/IB2007/000899
appropriate pol yval ent aryl groups as desired may be
used in this invention. Representative exanpl es of
di val ent aryl groups include phenyl enes, xylyl enes,
napht hyl enes, bi phenyl enes, and the |ike. Al koxy neans
strai ght or branched chain al koxy having 1 to 10
1-1@ acdrbon aatons ,maeity. | Tiod utletic dikyl groupsl mayrrbehmqno-cyclic or
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Furtherrmre and as_used herein, the term
M@H@%ggyps greb@lma@?maélﬂécgr%m serived fegm any of the alkyl
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aspect, the perm ssi b e substi
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in thel alkylgaea i renay;bangbtw@m%ﬁel reférsd o a; ;tmplexl@csmi eEsddmiafty an
escr.1 pe er el napove e perm ss e sti1tuent
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divaABR’ i@ gfoly BRIy e RIETMALRGIST 1FBF 1RuERRRMR, Af 11 lei or 1,3
i nvention, the héteroatoms such as nitrogen may have

propyjenagdh-dimethvl-hesens 2adimethahhieydryres gnsl o on. Similarly, a
dlva?émsé))chéj%w g?éuﬁ) Fr%nﬂ)é: 1%@?,@%0%%%%&&?& 'ﬂﬁf,ef,g-, 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 tricyclic alkyl
group in this invention is 4,8-bis(methylene)-tricyclo[5.2.1.0.2° ]decane.

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.
alkyl, 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.



whi ch satisfy the val encies of the heteroatons. This
invention is not intended to be limted in any manner
whyoorhe7per m ssi bl e substituents of organi ¢ coP@DIBAE/000899
The al kali sol ubl e pol yner may conprise an acid
cl eavable (Il abile) bond, which in the presence of an
acid makes the polyner even nore readily soluble in an
aqueous al kali devel oper or a stripper. The acid nay
be generated thermally and/or photochem cally. The
acifdkaxyoneabs straight Ord@f@ﬂ@h%(b Eamowbpxwgwé!s bépoﬂo carbon
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atorfe; 81 Radudirof Sxalie's ufheRy e el Rehrobd e soBow. o
butdsg, aisabuKys ﬁem-hiatb)M omentyloxy, ohexylokyal thgpityloxy, octyloxy,

vinyl ethers, sil fornmed from
nongPYRKEhy P‘§PW¥ o9l ¢ ﬁw?{hvmrwgw *?m?’vfhsﬁgé‘ﬁ?ymra“d 2
ethy#g&lyeRy. boxyl at es forrred fromt-butyl acetate, anyl

ace%/at e, 1- al kylcycl oal kyl acetate, or

1- ikl 2 HRIFRBT iyl PG Wltﬁrﬁféﬂhéaf%bﬂmtysﬁﬁelsmﬁtuents
groups”such as (tert-butoxycar bo% ) met hyl and

may GeCa®) sarkyds a loajboxyrra@ybcﬁ‘-ta BmpéeSgPBLﬁTw g earalky

L0 G B R RS, PGB RO, Sopime

1 1cbeawauipmegwmrwlnﬁy1 -bd me%d dry 1 Sadiphenylgropyb pantd; the,dike.

APREORHA AP ERGORR ) srestUiBHe ] FgfRF oA fesoribed herein

havirle&kEs‘h@bﬂi Plehde 2§ BEonEsRaRa poljvalehe ardikylerois one
capabl e of being polynerized with the hydroxystyrene

”‘)Werlﬁo(fn%tﬁga ﬁtélﬂéférsoli) mbthaehpate ¢ dcrylaié,hand similarly,
ol yrner, e exenplifjed by conmononers such as
(inh)ﬂCéﬂié fewfiﬁﬂ W@ﬁ’!ﬁ%ﬂlcﬁé‘cﬂdm or 4- acet oxystyrene
(meth)acrylic acid, (neth) acrylonitril t hyl
(rré"tu@l‘@ﬁnyreit@d agupyzpl hereinhjhe ﬁeymit@bstl{uted" is” contemplated

to @c_:lﬁg% %Wpe?%?% h}’)gtdt(jgﬁﬁ)hafa&g%hl@t&mpounds In a broad aspect,

cycC acr

the2- mﬂssibladmmbanlylbn%- (|meh1t1§eacacyblm eand cyclic, branched and
2-eth ada | at e

- SR Sk PRSI Sramate, epegrap-romate

substfiensd bit M‘gﬁﬁl&\tﬁﬁﬁdmﬂ@! RBeathid Bulsstitaents mrilad!a/ dbt example,
group, an ethylenic conmononmer with an acjid cl Eav abl e

thoge elgpcribastihaksinaiayRe Thernaravssile BUPRUIANTSFAD Pég\f’aﬁr gore
and i BaméNy: Biffeldr rfopﬂépgﬁnﬁfeesﬁla%% Eb@oliRgs. For purposes of

correspondi ng nononer any suitabl e conventi onal
thispialgmiian, e hehercpﬂtommmsohtm@%rtmadrhaé/Edeém@’athﬁt'tuemS

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(O) 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 cycloalkyl vinyl



unsat urated group. Such processes include, but are not

limted to free radi cal polynerization or ionic
w@oloymerrrzati on. Such processes are typically PCHIB2007/000899

sol vent or solvent m xture using a catal yst or

initiator. Initiators can be chosen based on the

tenperature to be enployed in the polynerization

Exanpl es of suitable free radical initiators are

benzoyl peroxide, 2,2'-azobisisobutyronitrile

ethersursiyl efharsxiomaed dsemoguitabje tHmenaylsilv r@rntsb@wl(gg@ﬂhyl)sﬂyl
I 44 T
pre&még%gré@ unql?&a/ eft5§ hfo?rf\ea ﬁi?r?x)e‘l:ﬁﬂgﬁ héc.%'taetef :Eg'nnyl acetate, 1-
alk)d@/dnﬂllq%acxetaibput 15Ia]k)yladduaahnyh aocetate pmndlrsmat Alda useful are
about 30 o ab BO nol e%

aroflis Slipfen Mot tongaraamimaR aicde A e Al Erlngsy, The
acnd Babﬂ@@rb@;bs @0k pendardinforml thialpolyiaéuibaskbiedkargserefant from

resent invention has a WEI_(lght aver age nol ecul ar
groum

achegh o e PobimerbackbengooThe aéaﬂaeleayebleogwup may be

forrﬁé@?i P%.Etféﬂy; agmr%mﬁthyér%n{rgng Rt n%u%tg@t w_fci_ﬁ% &&thfound

conpaihipgdhe as@mleaaabﬂe grouprand/oir bru IngorpoTated in éhve cemonomer.
rangi ng fromabout 5 to about 75 weight% preferably
f r drheabsorhodémen sboarte 7Capabilehofo bgingotm:llym@rliz'ceﬂs with the

e P5eRRSA LRl (TR IFE LY G BEPHERL LS PRARLE B8 may
be I@Skléhﬁiméd”w lcéﬁhitnﬁrerfévir‘,l;&;l?rt]\c gm?twme,s \Q@Pﬁ{%h&hﬁbne 3- or 4-
(0] nmeril zin I N
e@ﬁ%ﬁﬁrme aﬁn% BE’@(Yl'PvﬁpF'@vt ¢wetah aerym@fa% raethy | ﬁaﬁ@acw‘ﬁ&e t-
|
but@e F‘\gé(%’ & Zakhet gypemsﬁem,?l (eff?&m/%@éﬂ%étrﬁfﬂgycﬂéﬁbxyl

at ed by ucture %
(mam)acnl(}@ﬂeent 2-mmetiyhrgdgmauntyl-2Rimet aenala@,u ndpihtylragamantyl-2-

meIFREFIGE, ZATHAAABI BN, SRR uiiptuned
hydm)e]styr&ie Ivgitrh gl rewma eleavablé glﬁuao)anaéthyllenlcam*nnnomeamwth an

ual to
a0|d cfea%able g(?'oup, 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 (l) 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. ’



greater than 1. In one enbodinent R7 is hydrogen or

(CrC 4) alkyl. I'n one enbodi nent X1 and X2 are oxygen.
woaog/1807ral tival ent |inking group, where W canP@BIB2007/000899

smal | nol ecul ar noiety or a pol yner. Exanpl es of

mul tivalent Ware a divalent, trivalent, tetraval ent,

pent aval ent, hexaval ent and heptaval ent noiety, and n

can range from 1l to about 7. The nononer may al so be a

V\‘I gndant Vi ngl groups, such as the
ac r-'ii'!ea? kalys u% plyaer @ {the Breseny inventipe hasia weight average
mol@@ulﬁFTWel W &g foheapbst nggnl%aé bt li’({)(f‘ﬁﬁaeﬁ\:]eferably from

ene group contalnln Sarpan &
abogt I%QQQnéO @lb@ub SAEP0a @dhict morﬁalpqufetahhy diiom @beubs,080 & about

a0 O SH I BH e SR B AR kSRl B

to a@:wt:ﬁﬁ waighid, refeGblCIoral dboxy 1@t &5 ab6dt Z80Weight% by total
soh@ {{5‘ L?W I n o e enbodi nrent Wis a hydrocarbon noi ety

AL AeH érﬁﬁisy carbon and hydrogen atons. The

abcwle ment one ol yperi zabl e nononer is a

ﬁePPQ (SSISY FRIUPORItieN ofedhe prRset Hoyention also
com\m@@éléiﬁﬁ r&aB@n%nbﬁme@ Wﬁicﬁclglcﬁapaﬂé:%gﬁpﬁr}éf%ﬂng in

acryl ates, % m%: kyl acryl’ates
the Qfesf%?(gfy%lp oloinikatanang icentains Bk tegst déwo afthylric unsaturated

I ri t I|m
bonf PR PRORADIFRERAE, Abianel B3 alibtHayalh sE can be
illuspratgedyestructact (el ude acrylic acid derivatives such as
acrylic acid esters and nethacrylic acid derivatives
such as nethacryllc acid esters. The pol ynerizable
mononer may havR;a m;nnl CU|@E i ght | mononer
property) or a hi ht (ol | goner or
pol ymer propB.L{%gh anpl e 6f t he Bseri zabl e
nonomer contaln ng two or re doublle bopds include
unsaturated est8gs, as shoyn in strBsturg,(11). The
pol yneri zabl e nononer may be derived frvﬁwthe reaction
of unsaturated carboxylic (#Hgids or unsaturated acid
chl orides with conpounds contalnlng epoxy groups, nore

wheféé; 38 dé az}ég t| Préﬁnﬂ gﬁl;J Rgc‘ lgf tgﬁqﬁyaﬂ%%ﬂenéﬂéatl)éﬁp%gted from
hydrogenn hyehkxxvh ¢C)-Gap)otlikg! @hd neRibrires SX P fankdh XS @ar' PdBBendently

oxygen or

N-R7, where Ry is hydrogen or (Ci-Cx) alkyl, and n is an integer equal to or
greater than 1. In one embodiment R; is hydrogen or (C-Cj) alkyl. In one
embodiment X 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 (), 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
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Exanpl es of the unsaturated carboxylic acids include
unsaturated fatty acids such as acrylic acid,

woredonac7yd i ¢ acid, crotonic acid, itaconic aciPBCT/IB2007/000899
cinnam c acid, linoleic acid and oleic acid. Anbng
t hese, acrylic acid and nethacrylic acid are
preferable. The equivalent acid chlorides to the above
nmenti oned unsaturated carboxylic acids may al so be

sed. Suitable polyols are aromatic and particularly
hydg%b%’upé %JKW%BP@%%IQS@TFQWW sthengiapps araitletdieups or other

B s 47, D6y B 31 G A aHidief (PVEf et e. in

onQatQWthhmegt Wolis a_ , ydrocarioB- moEinnestitainingl ,diy darBen and
hyogf)%érhé‘tomg anedi ol , pent anedi ol , hexanedi ol ,

exanedi ol , octanedlol dodecanedlol, di et hyl ene

RAAET S KlebFbi Cheuflsrabice RgRtomal' &'%a gt erizable
corﬂpcﬁmw@mat rRastivY ethJ/le?no urisa'ﬁuratéd double bonds in a molecule,

ohexanedi ol 4- di hydr oxynet hyl cycl ohexane,

sug, Iy%%r%'l‘y tqqrgl@&gsny@ygmgﬁlfyn )gﬁfy S, kyl methacrylates or
hydré)kyﬁﬂ%yh}’ﬁ&hﬁé@ﬁﬁé‘s Ekérﬂﬁltegyéf%grﬂgcﬁ o,zable (Sqmpound are not

entaéerythrit entaerythrit
pariguianit ilrﬁl’t@fd) ppdican dmraﬂmommplyeaedﬂct@d depemd;ngnaltbg spurposes

g TSR R T -
acidiiomﬁvmcﬂ;mmaanaethhcmccwd ekmSNThE rhbéh?éﬂlé‘&nonomer

o B SHSE L SR e o i ki

oli cbrk@ro bEpraplertgpoxy conpounds i ncl ude
( é -di epogydgcet ane and the |ike. Exanples of the

W'Eﬂarﬂ{ﬂé@bﬂ hi9d %IW%F%%@nﬁufnoﬁwéreé&'iélﬁﬁbnga gh "mare double

nol ecul’ar wei ght (ol i gorer/ pol yner propert
bOf@ﬁdﬁ@'Uﬁ%\ﬂ@éaMﬂ?ésQ%fSr asishowgeinesteldtyrepflipdiioe qbofynmnzable

mor'?@rh@ﬂ Fn chd ’de’? UFH&} drft. tﬁ% trg%?tﬁ)gﬁbgﬁ{]ﬁ%%tjrq d éza%'&%(yfc Whis or

ol ecular wei
unthLIrgtBUsa(mdinhlmdpamﬁmdzémpmnnmrmtahMde@@tyegﬂoﬁpg dmékéd han

2 et S AT B0 S0 e oo s of
hydesyerarid egniGeMpaHings alcfdh@ﬁ) gbﬁi’fpgxbktrm?(u%gr gg)c('lhfebgdgroups
Exagrgqoll%gfof theX&n@t&rﬁte%sggﬁt;oxyhc acids m(c):lude unsaturatzd 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-
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Exanpl es of the polynerizabl e nonomer are w thout
l[imtation as foll ows:

W@ 2007400738 2- acr yl oyl oxyet hoxy) di phenyl pr opanePCwiB2gd7/000899
acrylate, trimethylol propane triacryl ate,
trimethyl ol ethane triacrylate, trimethyl ol propane
trinmethacrylate, trinethyl ol ethane trinethacryl ate,
tetramet hyl ene gl ycol dinethacrylate, triethylene

ycol dinethacrylate, tetraethylene glycol
Cycgap@@tqneﬂtcé,, peﬁt%eryt ht.Bt.0l dpbtcr yl h#eyclohexanediol, 1,4-

PR IRRH bR S oL et G ot rfpli faroxvethyamine,

trinreﬁtmémieﬁmnyst hltrilmeihytdiprapalyé at @entdewmrttaler yigenthedythritol  and

| at ent ol acryl ate,
SO”B'? 5%%/ Y‘f'%f’ “é’hé‘otqgad@ﬂ?g?eryt hrit ol
octaacryl ate, pent ae th ol di nethacry

|
perPGERI B Ot é’im'f‘?“f’ ®h W '?té‘m'ﬂ??)eﬁpge?ﬁqﬁq tlop-ethylene

diashiget hagryl afe, 13- Bl@i‘)?/ﬁ#l@yt Riarhle, t elATROARISHEBNE, 1,3
tripent aeryt hritol octamethacrylate, pent aerythri to’I

CVCHHHGKQQQM%méthVéﬁprQm a@3refinie qwbwt*w&ammee and the like.
Exﬁh SQB?%WE{MIJO‘P\ Lsoﬁl'aﬁﬁfet$‘écol glprgpgﬁ&teﬁﬂ ¥efikd. Examples

altacon ene I"at
of eppRy bumneddxainowomc‘r ?lTaB*eiJepbxgled:tanalaedltbé like.
di met hacryi ate, 1, 4-butanediol diitaconate, sorbitol
t r ibanmyples eof sthebirmulti-unsaturatedy lcahgpound of a relatively high

t i fiedt | at
molBEileE bk oMaorBS el Fier oPropefyh derya ursaidfayed opolyester

resh@@@@ﬁfa{l Srodusdd #6RSInAlei@ et ahmanéa@,horr%a&sa{é/blaﬁ@re diols
ogh ycerol diacrylate and triacrylate, 4-cycl ohexane
an

%emg/aa@@ec%aéwetgﬂt at abeipos; t§r§3&@%cryl ate of

po ethyl ene glycol with a nolecular wei ght of 200 to
vols gan thsi parkialiyt o eempletaly ﬁéﬁerléﬁdtmﬂhe@ef kiﬂd of carboxylic
y b} u t e
s AP R G rh BEU y  pion
esthmirgdmp@mda;ef«anWdrcﬁeyd maly bl eodifiedtand, cﬂmrpemyplenestenfled
| at.e, neopentyl glycol diacrylate,

| | di
W'tlg?%%gﬁ?r | ggh dd¥Entyl glycol diacrylate, pr opoxyl at ed

n?%%@% Cegéﬂghla?l%%"gitfg??%{‘iae e Hspog @eff log&%sfo"ows-
44 %lb@xé’drﬂb%x%tﬁﬁhﬂﬂfﬂheﬁyﬂ bedpshbdVing! asfylsﬂé aﬁrrruémwpmpane

th | ene” gl ycol |acr)¥ ate, trinmethylolp pr opane
tﬂa@wl ytrlateéhylelf& atriegr aterretrﬁpefbvwmpame trimethacrylate,

trlm'é'iﬁy?(%ﬁﬁlﬁﬁﬁe tithaREKIdked tre rafARRA f% g@@&l qdimethacrylate,

tri‘acrylate, propoxylatéed g ycerine
triethyiese2glycol dlmethacrylate tetraethylene glycol dlacrylate 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-
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acryl oyl oxy ethyl) isocyanurate, pentaerythritol

triacryl ate, ethoxylated pentaerythritol triacrylate,
w@enwaer7ys hritol tetraacrylate, ethoxylated  PCT/IB2007/000899

pentaerythritol tetraacrylate, di(trinethyl ol propane)

tetraacrylate, di(pentaerythritol) pentaacryl ate,

di (pentaerythritol) hexaacrylate and oligoners and

pol ymers containing acryl ate groups obtai ned by

conversion of poly epoxides with acrylic acid (epoxy
butm&éla:tim)eﬂwcr&latec dp+butanediob Hiipobyatet eorbitol frizicrydatehsorbitol

acrylic aci oner.jc,al kyl acryl ates ( ol yest er
tetrdgriles o SRS Y TR 0Ty I8l AU iSSP iate,
sorbitdi h ﬁemﬁééﬁl’é‘l@t h)ébrbﬁ@f ylrk8aéryRid, Y Ubigodstsy | lat@Nd and

acryl ated soy bean oil and acryl ated silicone oi The

metbﬁ@'ﬂ'&?é@,l )Qmeir@a@!a@w‘@ﬁ@oﬁ@ﬂ Higervialeo tdrpcichexape gdiacrylate,
f
i o AR AE By RO SRS IS ol o

200dbkiab0thand theibmitagsof the coating of the present

i nvention. Such acid cleavable groups may be C(O) - CC,
C- Gudher &athBes gﬁooqprﬂymiehtﬂbletMnmremsrencluﬁenéméﬂmnedlol

ciactgh Ferfrobnacda Hacialvnk Soyiaesa dary S exan-1.6-do

dladr?lhté di Wro@?reh@fgydd!mlélﬁyla@eﬁe @n@ﬂ g%bgélﬁcﬁllai@ ethoxylated
nitrogen atom and/ or X2 he nononer

neogepiybgiyeel ‘é'ﬁP')V ataﬂemtoﬁévlwéﬂmeapynwégb@ﬁl @*ﬁ@mmastrwwene
glyc'a d@dc‘f%étegr ndf A%Blggldg@tﬁé?' cﬁa&?%gf%r%’tst Qlaltegﬂﬂgbﬁ?ﬂol A

omsr onpr i ses rtiary a
d'QIV@dﬂGU@I GM)’ylalekypelryethylmen glyadh tiacrylatey tramétbylolpropane

h .n in lLinki
oy, ., Sy, BRBTREASE Sh B e
tnmbhql?l;;rdlpang gtrtamlaéfgl{ 3Tﬂru5%k§?aexad bglyGéRﬂe ORﬁge%agb 31 éns(Z—
amé?@ g?‘\‘l d e‘?)‘BM'éI entSPGYARIIRE: e dp?’i%ﬁﬁ%oﬁ)"'%ﬁr%&’ gr Stiyxylated
penYXéT?hh rigs) q’héér?!&?é | ﬁénféﬁ?%lﬂhfbl Wighopyigry daxy ey Bént%@%)ﬁhntol

groups Wi thin thé noi et
tetramrmlatmy bedlﬁémﬂﬂaﬂ@lﬂrqm@ﬁiml | yelraatrgatehot d&(@ﬂtﬁ%mwﬂd)
e d/ d
pertiZlciiale  4MBon BB AR T RS ATUARS dBia AGbARES tand potymers
contehmngrasyfiate gmmstohmnedrbg/ careesion lommoQoepaxudes atith acrylic

aciclaggt?éxyoggry%tc]&t 8Ir rl‘)lyt cI:oantv%Fmgrr\ d? potlyes er po yopewri]tﬁrgct:rlyfich acid or
monomeric alkyl acrylates (polyester acrylates) or by conversion of isocyanate
prepolymers with 2-hydroxyethyl 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



capabl e of generating a radical upon exposure to a
i ght source. Any photoiniator capable of generating a
w0 awi7a#l77apon exposure to radi ati on may be useRCT/BE070000899

nore photoinitiators may be selected fromthose

capabl e of starting polynerization of the

pol yneri zabl e conpound contai ned in the conposition of

the present invention and to be used as the

above-nenti oned photoinitiator. Exanples of the
atonathueisrthetrmoma@depbanpiised a atrtiary alkylueeniThosuW is a (C+-C20)

alky Ing cb]%irle %ngeﬁ@q(\) rr}.}%ﬁgé]rg can’pi%gglagélnr&gf&e the chain linking to the

acryl&é]”éﬁéb’ gfoupd, W&é'@@&ﬁbﬁ%ﬂ@h@rﬁ@@ an example of the linking

4' - di met hoxybenzophenone
groutn, Wt APLanihede heopitBmbhe; ( C1-Czo)alkvlene- C(R12R43), where Ruo,

o AL Y| SRR EBATESe e €110 s, W may

addmanalnonentaumummmwje relpsosochi GAROKLne 0-C or C-O-Si

groqﬂss é(w,rb %lglto H}Ioﬁ% ayg; P@'é% %chid: Er%ég NBe agﬁé%?éhe thermally and/or

phofdichémichll§ usirgnekmihlesia ggheratars emylgrprepdacit genedorand
the |i ke, a-hydroxy or a-am noacetophenones, a-

hy gy QHé!CMﬁbl@EbldePﬁthd kohpodeRionadfl taBo prisent kmt/emmm the
such as di al eto henone benzoi n ang,pbenz

compoRidipg coniHng gt bone rp@ptgw' iaion &F Phgiaia ﬁ'egwfra“ng agent
cap?(?]lg‘?{f geh@@ﬁﬁ?'%F&%’dl uﬁbh%& H%840 (f{‘ﬁil’ﬁ@bhrc% U!@fya plfiéiniator

triarylim azole rs such
cap&blea)f(geheraimgeﬂlyaqmal upotii gxipeayie o rdghation raaw@ﬁ USGd One or

I
A
o e e s i
the [rupFAMaiSRAAN SOHpAausRl 85 | Becapvegneniphed Hgstaiitator

Exaﬁm?@'éL @ﬁﬁhedfagé\?e Atehtibnsd E)hgi%?nltlé’toﬂ59lc%8 Vit ol®, Maikation
286 and the |ike: polyhal ogen ounds_ such

bena@phemr@br sanpiiasawnope.e ngl4-bishie rﬁ rfzoRbenone,  4-

B
dlm&wrdrralohmztmhemaneves (t ri hal onetmgimeibylpmumagetophenone
vensian Qa5 S AR A SIS, 25Metantacuinone,
xantfRinBOWokarh&hs (2-EhiekbtRioRarthbiik) 2 3~ dléﬂ'@dthiﬁﬂanthone fluorene,
2-am no- 4, 6- bi s(trl chl or onet hy| )-Strl azj
acridone, bisacylphosphine oxides such’ as bls(246 -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-(0-
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,
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2- (p-nmet hoxystyryl-4,6-bis(trichloronethyl)-S-triazine

and the |ike; organic peroxides, such as nethyl ethyl
wedwone7per oxi de, cycl ohexanone peroxi de, PCT/IB2007/000899

3,3,5-trinethyl cycl ohexanone peroxi de, benzoyl

peroxi de, di-tert-butyl peroxyisophthal ate,

2, 5-di net hyl - 2, 5-di (benzoyl peroxy) hexane, tert-butyl

peroxybenzoate

4 3‘3&3&? ?4%%%433 ut4y 4P (? GSXyI E%Erzoz%%' )gneé] z%%e hgé Cuggl{/halogen
cordpdinds. 4' st I aad t e'tétréh#b%b@&rrb%ﬁ}’cabﬁgﬁﬁrﬁr oéﬁ%ﬁﬂ&ﬂfbne

and the like; azinium con@oun S:; organic

Pheryliriehlatpmethrdiaions gost e tkeiand mmnmomeabed in U.S. Pat.

NoE"BISBSS S GRS (RIS hayno
tnhalogsmﬁubsmuwob netbyly | Sucht aai am&mt(lribbldrmMethyQFmeﬁazme 2-

o G TRHRAP RS iSO S tibrometn .

truaﬁnpheaxpmémmm}/rymzs bid{tachioraPsetRNE S ia2feni HAY 4hé' -like;

d
o SRENAETSTAL SN e topmrsergrica oysonasanons
perbﬁ@@r 9}3¥$-trﬂh9[’h?f&%lbﬁg%dﬁé‘ &loxide benzo¥l perox1deh di-tert-butyl

di ni trodi phenyli odoni umin cod
Per@W'Qﬁnftﬂhﬁla@ om @eH-diraethylk-2,bedithienzaylperoxy)hexane, tert-butyl

e g

3,3 b<b4 detra-(tert-butyfpevonyearddnghbsnitdppenonéciatd Rhef ‘ﬁkéedazmlum
hot o, n|t|ators are those under the trade

| ab
COMRAUNGaOrGHIUC | hREAR BRI X?ilmfm‘g?ycaﬁ liej #ld spiersasliely as

phe@ieijoxalic (ﬁ@éthyl edief;" itaAvbends é(ucﬁ’“&@ bl@ﬁ‘c’@@ &cﬁ%@h%en 1-
cycl ohexyl heply ket one (I RGACU
VI)-bi5 (el -Hillkipror3-(2 omﬁﬁéﬁyvlbphawmﬂamem( lARGATURENIES 1 pnium  salt

contﬂo%ﬁ\G%l\%stFL{%h 8% Hlﬁ?glnfdgh%ﬁ Qiled RIS MHRASS AN i€ obtained by

USIHQ/droxy@phelxmopmetyfh] 2- hytjd'edighlarodiggherytiddenicepane- 1 4 4'-

cimB RSy L RAEPriumy; o A OGNSR oA B-4-
isopubpylaliEhdryReASHilRGR, 36D, 3'- (gnltl’ﬂiﬁlﬁh)élhyﬂodomum nlnlcorgtr)]lganon with
chloc'{p% l Bt?»l ra Ilé(:;]fgggtqﬁdhgga;fﬁ@r@é{]q%%hg . - my@tiyiproarsenate,
DA I pr ed
hexg"‘%?g?rﬁtﬁ'??@iﬂgr S ERSH%% Iiaéif@%?éag@éb b@% ané 9055%é or

triflugserasthanesuléoniaacighove- ment i oned photoi nitiator, two

or nore kinds of
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),
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those exenplified conpounds nay be used in
conbi nation. Exanpl es thereof include the follow ng:
wa@e7aoms nat i ons of acryl phosphi ne oxi des, PCT/IB2007/000899

al pha- hydroxy ketones and al pha-am no ketones. The
conbi nati on of

2- et hyl - 1[ 4- (et hyl t hi o) phenyl ] - 2- nor phol i nopr opan-
1-one (Irgacure 907) and
bi s(2, 4, 6-trimethyl benzoyl) - phenyl phosphi neoxi de

2- bé%ﬂé%@t mbsl -UERfOrbALIPBEhENRRRIaRIHe (IRBACURE 369), 2-

topol yneri zabl e conpositi on of the present

methyiv‘bht (roethylipiojphenyid2-mormhalinopiorant i- 9@?5 (IRGARURE  907),

i Lo n 0 Cb rticularl
anc Z BRI R R PO O AR, 10 Pttty
prefefred phetoinitiatay ateol RGARCHIRE 3139: rm& anck9Q@bnpoun d at a

di fferent wavel ength. In addition the

phatsreevaels ﬂ@bbbownwmsoned)rpmtomlhatqn,r tger more kinds of
I nvention may contain so call accel er at or u
thosq Premplied FEMPRUREE YR BPcLTFEnEl SATRI %ﬂnbmﬁ"p‘i& Horeof
Ilgé:l t b#Rd} @inytdonfbiRaisiseen dieyl ﬁbmhhélloﬂﬂes alpha-hydroxy
ine @ Iﬂea‘lﬂ] dl nera2| r:e and acryPat ed am nes, obtai ned
ketdrresmmd @ph@ﬁﬁ@@l@mf@ﬁ;acryl ate and et hanol am ne

tributylam ne, N nethyl diethanol am ne,
di dihieacmyhbimatien of erraethwha)li%(metbylﬂpm@@enmlﬂ Remorphohnopropan-

o SRS, FHESH e s

(Irgacerers oy |$Ju§attmtonmd§mbomnmntof pol yneri zati on by
oxygen, a waxy conpound, such as polyolefins, can be

addrf plsotopelyamsiipaslet damipositiori of the! presedt inventiers nay further
consequence of their t he

| ubi, |
oA SEEB0 SR [aPoBRPY BRI s o ketarclifife, which

abs%ﬁ'@rFad tioPOlaY "Bid ZHri@NaRPavehsngth bR ntr@nﬁﬁbecénemgy to the
l'ayer between atnospheric oxygen and the pol ymerizing

phatosensitye gurapeunsiati4 giffeeaitt sevPlengihg conpounds i ke
allyl ethers can be added that prevent inhibition of
poI lyrmidﬂz@n |thfn phytapelgeerizables sampesiion . afibenaiggent ivention

magtI Eé?\f’al | (é‘al &f Q&ﬁ%‘or&nvgﬂﬂ 0B COABLiyRERINEN N-methyl

ner, an unsaturated
dne@ﬁﬂbmﬂhgnﬂﬁbmylkﬁhethanmamne anthmnpranmloenplpeadme, mripholine,

p|pgr%1%n%me{n%lt .Iac(:)rrglla(t)tfad tarrﬁngs gb aine rr]orhapgehefxﬁﬂed%P%\gcrglgte 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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wei ght % by total solids of the photoresist to about 50
wei ght % by solids, the concentration of the nononer
we@anwnage from about 10 wei ght % by sol i ds t o BODIB20&EM00899
wei ght % by solids, and the concentration of the
phot oi ni ator can range from about 0.5 wei ght % by
solids to about 20 wei ght% by solids. The negative
phot oresi st conposition of the present invention
conprises a polyner, a polynerizable nmonomer and a
phahai péddtRleOtompbsitien g atkt preBend mveutibh eoniprisesdan alkali
thermal acid generator (TAGZ9 and/ or photoacid
solufie Patygner; PAB)  WRSAHES d RERIOPRIY @%em%%%reda”d a
pho%iﬁinat{oﬁd"lﬂé! an?éﬁtrdt%Pb‘é‘o{‘ iRy edolyhirl &4IF raRGE fré@ChBout 10
Wt e aci d cleavable group td0 nmake the photoresi st
weighifie bydiotdl| solids efnthel plotdresist dpLabah )t weightpby salids, the

s t hot . . . . _

contSRRReRt Tieb MR e last fofiEbGAPE WAlGRE by solids to

abobhgotwdﬁght W@bﬁhso?ﬂ@,vawhwdcﬁmcbhﬂfatimmoéﬂm pigptoiniathiecan range
substrate suc at t I, ' .

frora w5 mradai by goks kbt 20 ok By BReE ™ he " |
nol ecul ar wei ght of the constituents of the . .
phdtermeagaiive ﬁqses%?qma%t'fw{' PregRHtdaentiogcomprises a

polyifetty bbhl)én%'Lzabtée nRSHINS reérilcf]ta- gig@s)to'irﬁtiéiéﬁiﬂ@'c@ntp@sition can

renove t otoresist in the t and cl eanest
furtperdoclude pothermpkacid generaten (TAG aniacphateacidasngrater €iAG)

.acid n heat.i J t .
whiBl i3 TR el RN rARART 10l RIME Farthe acid
reaéth&miftﬂﬂieﬁﬁtid;blég&ﬂb:]mbmupi 12) ratke tie phetosesist more soluble in an

wavel engt h(s) . as t hat t th hot i St.
alkaline ST B6 SURPES e SRS P BB Tiay U ahEel one
emB@diﬁ\%ﬂ?rté‘tr%vbhﬁleaﬂH&or@M whieh Sehslinaba theysuistits rdvaobved

heated to break the acid cl eavabl e bond. An

k
afteriibe mipcessing g aulstate such Haatdhe; W%ﬁéﬁiﬂ% P‘EMH%? of the
de\}z)c%Agﬁ%a %&I@ 28%@%%\%{1 %ﬁt SHHT - reOti%e PR ARftecIge g\ﬁﬁ@{tobﬁ the

generates a strong aci
constipehbtseobthe pleatorasisttaral/erciodncgroapaliha ibeieaspribe sefubiliy of

theg@ﬁr]ggﬁﬁﬁ{ Eg'ccﬁ) ! i r%élﬂt {E)Zr ro%%%ﬁ%ﬁh&!&%%fsg& tdlﬁg(é%ég :égltdiacfrllé(ganest
proB8&s PessIBlel IA ehaifia it geharakardproduced @it 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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[imtation, ionic photoacid generators (PAG, such as

di azonium salts, iodoniumsalts, sulfoniumsalts, or
woewritonirx PAGs such as di azosul f onyl PCT/IB2007/000899

conmpounds, sul fonyl oxy i m des, nitrobenzyl sulfonate

esters, and i m dosul fonates, although any

phot osensi ti ve conpound that produces an acid upon

irradi ati on may be used. The oniumsalts are usually

used in a formsoluble in organic solvents, nostly as

sulfongllony nmiiders, sitrdlmmzyinssitdriase estelﬁ;phﬂd mildoduﬂfohamsealthough
i enyl i.odoniumtri uoro hane sul

di
anvdPEﬂtQﬁ 'n%'tsvfomomﬂ%aﬂa#ﬁhar Shisearan 619 gRap drradiation may be

useldl | PRE BrieH ! M8l 4 Lisrdaili/ WsehBh ARG YblupRAtforganic solvents,
tri phenyl sul f oni um nonat | uor obut ane sul f onate and the

mosgtiyas i e,umug@wpn@m galiss @Xﬂ@%%ﬁcﬁf whichnrecdighanryligdegium

PR BB BB o g, slonse

tripberndsdoniim 10/ 43€iﬂﬂrﬁmethémd ed 5s5UBOR463, andriphenylsulfonium

norkhBiaRLEE Sylanefitand dos e Bt ARG PRAR BAITR asithose

dlS(bl@@éd iifi rggi phte@m éﬂm”baf@ds REthu seflalaheniberazi omsg 472 - filed
azol es, oxadi azol es, thlazoles substltut

5/1§/299'r30ﬁ9é609?l@% siited BEBUR0D Q48P 15y -i Wed 5/16/2003 and
10/853.892/ 0064 ﬁ/@bﬂ ahaoaﬁésnﬁéa orﬁ@@r}%rbﬁ\ BYl ERRESce. Other

est'ers, trichloronethyltri a2|
conpasnsis| thah jone enaanid, umns|r@dlatlonyﬂ1abma3hbe uged are triazines,

oxabfe3 crBbeBles HRGPEET Pubfy Ry ENEsT PABY such as those
describpdieity | 3820020061484 (4rei fdlsoor asettiny Paehebltm yéuliomicd essters,
RS ™ bR LS PUAERD 5 i
sulﬁﬂn?bﬂ?ﬁz@ﬁi@ﬁ‘mshwmm Iétﬂfbﬁﬂu?ﬂ etrls%ﬁﬂubftﬁhéthpl@,ﬁ@bm)‘m‘éhlde

are al so pOSSI | e candi dates. Schene shows sone
triphsayipleniugn photwa@mflupéor@etmlﬁyﬁaayl)lmme R dirhemgiogipgium
trls&@lléogo%ﬁ{a)%hfoﬂ{/l)&gh%@ al koky substituents ?@ﬂsﬂyliodonium

eperdently sel ected from

bis@jfaldrgmnethiAulicByljimidey Nﬂiydrgodynaphthyyﬂmdtenmflate and their

horpglogiies, Bres Bt Sttt “ARAtas HohsBiee ! SHEs sohe oxamples o
photoadtios! c@hgbahdé? Whate Ty afidl b} Iatryt@ﬂ ogatkyhxdr (C1 Ca)alkoxy

M xtures o hot oacti ve_ conpounds

subsfiepiseqrd Petl- 20t Reindepapsieaiy %%le@t@dérmn éGu-Qg)ﬂ"sMh (C+-
Ce)afkbky, S¥eiiOsHARMINHI, (Ci-Ca)alkoxy-styrylphenyl, furylethylidene, (Ci-
Csg)alkyl substituted furylethylidene, naphthyl, (Ci{-Cg)alkyl or (C;-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.
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conmpounds are preferred, and sulfoniumsalts as
phot oacti ve conpounds are nore preferred. Schene 1 -
wEx@mpless of Phot oactive Conpounds The t her mal PEDIB2007/000899
generator (TAG used in the present invention may 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
i s activat eGchemedoc bxampiesof Phetaaciie Campcioise
120C, and even nore preferably at above 150C. The
photoresist filmis heated for a sufficient I ength of
time to react with the coating. Exanples of therma
acid generators are nitrobenzyl tosylates, such as
2-ni t,robenzyl tosyl ati, 2, 4-di ni trobenzyl tosyl ate,
1n|trobenzyl tosyl ate, 4-nitrobenzyl tosylate;
' aS
obenzyl 4-
- + R
i t robenzyl 4- iy '
ql i ¢ sukfonate esters such as
sul fonate; al kyl ammoni um
Rsalts of gOr gani ¢ achds? such as triethyl ammoni um sal t
of 10- caﬁphorsulfonh acid. A variety of aromatic
ant hr dcene, napht hal éne benzene derivatives)
M c aci d am ne sal t\§ Xbe enpl oyed as the TAG
udi mg-otteoger,di scl osed | U 3 t. Nos. 3,474,054,
®referably the
TAG wi bl have a very | ow voiati | at tenperatures
bet ween 170-220C. Exanpl esF of "TAGs are those sold by
King I ndustries under Nacure and CDX nanes. Such TAG S
are Nacure 5225, and CDX-2168E, which is a
dodecyl benzene sul fonic acid am ne salt supplied at
25-30% activity in propyl ene gycol nethyl ether from
King I ndustries, Norwal k, Conn. 06852, USA. The
phot oaci d generator and/or the thermal acid generator,
may be incorporated in a range fromabout 0.1 to about
t % by total sdkfHs fe phot oresi st
ably fYom 0.3 to 5 ig % by solids, and nore
[ by sol i ds. The
¢si st Bf thenptesent\ﬁﬁVention may contain ot her
R1 cofponest s CCIS

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,
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such as additives, surfactants, dyes, plasticizers,

and ot her secondary polyners. Surfactants are
wo yraai7ry conpounds/ pol yners cont ai ni ng f | uor PETETB2007/000899

silicon conpounds which can assist in form ng good

uni form phot oresi st coatings. Certain types of dyes

may be used to provide absorption of unwanted |ight.

Pl asticizers nay be used, especially for thick filns,

to assist in flow properties of the film such as
2,4¢drﬁ'6@b@myl atosiyiage,s @, 6-dinilbobenzyd elmsylEteanpﬂ Blsrobénzyl tosylate;

asticizers arealpates tesa at es
ben%ﬁ??%}ﬂfl% ates and/s'éﬂlC pl as¥ci ze?? Prgbenzy 4-
chI&@Béﬁi&fe%hIf@ﬁ&ermwwoﬁlé@m Gl?ﬁ’c%bé?lz% h-@ntﬁb@éﬁz&@sulfcna’ce
wei ght % by total wei iqht of "solids in the photoresi st

phe@@h@wlfpnaw estem yagoww s4rm§thséy%1¥@ae§@fqn@ée alkyl

f r [ r i
am FRIRAE A7 ! RO R ol S B BRD R Y 10
canm‘rul)rﬂstilltdmirgraxpm A pvaxmytofearomatlhe(qmﬂbweeej snaphthalene or

conposi tion rowdln cum f,ree
bergang riarivabfee) iitop R o BHCHRMe SiE BEh S PaiEL AT He TAG,
inclEdidgRthese afscheednid).S. Pal. WO, S, 4140054)4/260, VEQI ¢Q50r665 and
substituted (nmeth)acrylic acid containin

5186000 RERSratin JUBSAG e SV iow; waaumy ai Temporatures
betivaEh q»ﬁcdtéd@t %xﬁﬁ@ﬁ {5\* TAGE ird Wﬁ% Q&qu:&p nﬁqﬁaéstnes under
or SUDSt |

unsubstitut ed tuted vin est tal ning
Naquoe amerGDXmasoes |SuchrFAG 'sresa Mourel beaspand L(b@XrZ‘lﬁBEd which

s § Bl TRTEAS RGN, 8 e BB SuPerGF8 B acviy

prop@ki&gysel MeY ekePROMNTERG IISdIBHISS, NSHRANE CInho 06852, USA.
pol yneri zati on of phenol, cresols, diand

U1 iTHRE otcueR$ tddneter RiePSH the Hﬁémdéﬁi&ybéﬁé@ﬁﬁ‘s .may be
napht hoI s, pol yhydr oxynapht hol s and oth

incopRiated imba ranee EamuIdH: Pdl K gheirid we@ha% by irirbeliggof the

I I
PR a B A R BTl Wi R B g DB ey 05
to 205 afeighildb pyfaotids.about 10% t o about 40% of total solids
of the photoresist. In producing the photoresist

corfies phowresisthef thel présenijnyestivrs nudy thetagh otherersximponents
s e B s B i e B 5 Bl SR Wmors
Surfadtamb! ares alpiealys dopipduimelspoRihedss coBMining 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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i nclude, for exanple, a glycol ether derivative such

as ethyl cellosolve, nethyl cellosolve, propylene
w@koocolo7mdnonet hyl et her, diethyl ene gl ycol noPOTER20471/000899

et her, diethylene glycol nonoethyl ether, dipropylene

gl ycol dinethyl ether, propylene glycol n-propyl

ether, or diethylene glycol dinethyl ether; a glyco

et her ester derivative such as ethyl cellosolve

acet at e, nethyl cel l osol ve acetate, or propyl ene

contﬁ{rﬁhﬁq? IhyaRsphiTRt §idupet ii%r pmm@:t eExampieexqﬂ s¢@ndang pobsners
e

t at b d
are m@g@ﬁ?&c@ﬁoﬁﬂaﬂﬁé . g ae iR dLcoRemigh Ggvmes or
cop&? Fééﬁder{%F b? sugélﬁafeaoefﬂétﬁ é%:‘iYIQfe l«bfx‘tﬁﬁhﬁg PR s or

di acetate and ene
cop@iymm, auasutmﬂwtac) d@roﬁybéfdm?@'xylrad e%Gt%fu @ﬁn'&'f’é,n'ﬂﬁt Rolymers or

l,act at e I
cond 5 SR C5h B PLUBTAAIE poRiling paymers o
copﬂ?ﬁigyé pYmetgaeryhe mldi-sstyrelye us.cmodaymans ainkoxpealplsorglymers.
Novgfa:l“;t wg)s(%%;%'sggg :hgagrempg{raé |fro§1 po yr}r?é(lbfﬁr’tugﬁl gfnghenol e&%glals di-
andnY drignetin SebSituRIOph&H, € Weh@étymopl avepihehols,

a ketone ‘derivative such as rret et hy ton

polyaydroxynaghthelse, alaq/moapﬁg’nt@lhﬂrfélb %@%HQWQ Wéyelﬁenols and

forn‘galll %@{c% %tcgﬁ ft?s%rﬁ q?ﬂ?&évag:gygr#zé’rgh%%gmers may be

addde rat mlwmr@mgwfram amen % tor alodut b eresgrablydrom about 10%
act roI tone an am de derivative
to agﬂ'rﬁw I él?ﬁl’i@{]?‘@'l% og?s'%l met hyI f or mani de,
ani so e Xt.ures ther eof . ..Th
SolRABIGIEg aﬂéa%n%afeé?wmmame Brasisf Botpggents of the
pholdrEHiaf aft PRIREQNAR 8l selesmas tﬂl)QUre‘sObUBOIQBntsamalb&ilssolve the
applied to a substrate by any. conve t| onag
solig camponsinbs d}fetélpsph%meﬂs’fncﬁuaa% }5?Ptﬁ OFQ%MVG%S may
mclM‘@é rilof %&aﬁﬂﬁ’e Sﬁ g&&@%ﬁﬁé?gde T%ﬁ{?e Sich §s°§nyF gelldstive, methyl

oresi st solution can be adjusted with
cellosxsip@,cprdmﬂetriaegtyeobemrwg@tbyl elbier,d diegmAenrstglyqoh reprrrpethyl

eth(fr p@e@yleg% % c%nnga&?%h)@ﬁ?ﬁ]%?l d zeé{h n@ﬁé@la%@{&ﬁyﬁ Ifé'fher
propyléRe glycorepromy et Glpdlﬁmytwepglyccﬂshme&;d ttielrea glycol ether
su stratesmclue tatlo silic
ostofpbiaival i Aot GaIEndte Aeelais, ety Siofls apgtate. or
propyibhé& %Wc%?ﬁkﬁﬁ)rﬂétﬁﬁ SMmEAhcdtale '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 methyl 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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netal s, doped silicon dioxide, silicon nitride,
tantalum polysilicon, ceramcs, alum num copper
woreoorares3 gal | i um arseni de and ot her such G oR@I/IB4607/000899

conmpounds. The photoresist coatings produced by the

photoresi st of the present invention are particularly

suitable for application to copper coated silicon

waf ers, such as are utilized in the production of

m croprocessors and other miniaturized integrated
buty%lactd):nb Cgstmona&n"de. Aefivativeonsschi cam diimethydacaiamide or

can _al so be used. The substr y al so conprise
dimgthy|fernrarpige, awsole: ?@@pﬂg”reé% Qﬁogal y antireflective

coatings. The substrate may have an adhesi on pronoted

" be PpioreSsl Sakivan BaBBREEiARS Ko0uR B AE:

cont ai ni ng hexa-al kyl disilazane. The photoresi st

coFﬁB‘@sPEQR?ﬁe@oH’thP'iﬂﬁ'ﬁtchrH@ﬂs'E%tgg ‘éﬂf{)&a{hé’e applied to a
subStraet bl @?ﬁ’vérﬁl% SURKINGA Qided I @ §holdredist art, including

enperature froma out 700C to about 1500C for from
dippihgyspraying ewhirlitg ans! spio eoangri Whesssiin caating, for exampie, the

t 1 t
ol 050 SagPa: BRI HF AR 4 oo b
conEsri]nt Iy mﬁ(blftder tidn @r?ﬂdﬁh eohtiag iod nhe)fdesared cthlgknsss \givars thentype of
e photoresis t :
Spingg RIHIPTATLORIZRR Bk SR AU, SHog, Rl P I BPhing

pro%&% deguiaple GubstthtdisZ §néiti@e,C QI I Afnitafios s‘ilmiomen(cdpper
and this first tenperature, treatnent is condu

aluminuim, pelpaedat ieginsy siliconogioxise, §dl0\¢§n6%atﬁav‘d'th ;metal layers,
metgvsa ‘2‘5?8% gmé‘&‘i‘ cﬂg)?iggt 'sﬁ.%oﬁfmﬁfb%t otraﬁfsdl% W&bﬁ' @Bramics,

0 "nm I nt hi ckness; ns on the
alursirost/capper  Mikiuirgs; e gabiaim nagsenile tmf\oblcxvtlaelt osuahhi Graeip 11V
thick films. In a preferred enbodi nent the tenperature

comgoufnrdam about 950C to about 1350C. The tenperature and

ecti ogn depends on,th h i st [
teoTanaipresiat GoBmmos oraiaec, BV e BheRiralht Lfcbe Brerent
mv&rﬁmﬁeér@';ﬂidléﬁlé‘lﬂ%u@ﬁbléwaﬂwlchtldifﬁo caﬁmelf@ﬁmmglllcon wafers,
substrate can then be exposed to actinic radiatio

such. ap aretilizadiinitlee preduciion gh misfopsoeRspersagd Pt Miigprized
mte@Fe?tH%i c’?rgglbga ABRILE! ﬁrssﬂ}cohfén%ﬂu&loﬁég Waer ¥ah@®so be used.

m' | on beam or aser radi ation, |n any

Thealesibstchtgatmagr nalspr couqRisehyalious ofpolmerih esings k specially

antlrefgec lvg %%atmt enﬁ\e 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 conceniration 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 in
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tenpl ates, etc. Cenerally, thick photoresist filns are
exposed usi ng broadband radi ati on, using equi pnents
waeew1ag7dJ trat ech, Karl Suss or Perkin El ner pCDERMEmM®0899

exposure tools, although 436nm and 365nm St eppers may

al so be used. The photoresist is then optionally

subjected to a post exposure second baking or heat

treatment either before or after devel opment. The

heating tenperatures may range from about 9C0C to
thiclaless] reldaiRE onibheesyistraiy. aMujtidle coatibgs)maydgeCdpbe dd @ghieve

.1 C. The heatin .be nducted for .fr 0,
thick Bigsad i PiRteS Sriacimeet Tk Rsetat e ib (T R 900 to
abof0135CNNdhet @nifePature afitintithe SefttiondEpepdstan the pholotesist

30 to about 45 m nutes b31 convecti.on oven.

Th d
propsiiec st by i uePTs ABtdIkas theperinEel Hped agy commercially
desiﬁ%ﬁ@i@ tinfbs?  FRUEEARN gsﬁt@tl*féﬁé QAnothef ey lexpBsedYo actinic

el opnent process to forma pattern in the
radigliart,oegs,i stiravidleh rapfiatiaro| alt aowavelepgit of Aoy abeuta2@@d, nm

f I i1 j ' iati
L R
in aHptddsiradi|pattetn,sprodiueed bgluse of suitafle nhesksh oegatiaiss stencils,

coating has dissolved from t.heﬂﬁ%osed a

templales, sifer Sariesslia gk AEBIRCSS DAL SHPOFATINbgpadband
raditﬁgc!tff?‘,;k%itﬁﬁt shuiPMEneXisiRh. abr Bhivks@t RuAr Stbslas ®efkin Elmer

yl "amoni um hydr oxi de, sodi um hydr oxi de or
brogsiitemeisexpaskiyrl tents,dalthonghi 436rum ansl, 365018 Rlgppate By salso be
use?nd buffers, nay be added to the devel oper. After
enmoval of the coated wafers fromthe devel opi ng

nedie fipRafy TEing R APtBhaf s ABELERe BTN BGHR Shcond
baksg:gf irh:{aé airf;gatd&armi g¢ithenf béfoee mivoafiere sieselopitent.i mdpedheating

then be c ed w thnetals. or |ayers, of
tem g SoBY AR ABCARE A el AR 076, Flose BYeTerag from
aboBf 9095 36 Gbout 4 BEYC.aTHEEREAIRRY miay 188 eoRdiAed #&nfrofnhgbout 30
phot oresi st nust be renoved fromthe substrate

secogs Enpbquisd MinuteReMese ArerEaRly FOoRmAROWRM Seepifisyioprbout 2
min?Letgeclgn 3'h%t B%E%%:r SyaR to%[ﬂbglgﬁﬁ'nﬁ‘iﬂutc?ygﬁ/ SHRRLGH Bvah.t h

maged oresi st may eat e
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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exposed and heated, to nmake the photoresist soluble
before renoving the photoresist in an al kaline
waelewehopes or stripper. Al kaline devel opers deBCY/iB2067/000899
previously may be used. Any known strippers nmay be
used, such as AZ(r) 300T and AZ(r) 400T, avail able
fromAZ(r) Electronic Materials USA Corps, Sonerville,
New Jersey. Unless otherw se indicated, all nunbers
expressing quantities of ingredients, properties such
metals, rml layatsaof wveelghst o rfeant bunps asdis ivesls knawd iBotifeo eyt or
i.n, the §?e0|f|cat|on and clains are to be

proqﬁagg&% 359850y nodi fied | n aI | instances by the

term "about’. " of, the d f
ar 47 pREGReedimeRt st Bhoioetar i i B8} el Bfrte,
typiédly aftér B POSAN layEhe haok | I9ydm Gorsiel Iof“laIteﬁxaanbﬂer\lybé of
provide detailed illustrations of the netho

progassingei Hap svbstrale iwithn ghe Jmasert ppOresiSt H@Vp Pés brpted or,
exp?é‘é(cf U Peafdt SB ﬁ?&%@pﬂfé‘ gﬂb&w@&&t ISRl afbfofeOY&@¥Bling the

mt or réstrict cope of the invention in any
phoﬁmmsnahm ahoalkalineotlevalopemet st:@@easAﬂmbw dlemglopers described

pre\ﬁ8$§ Y tgé%,n é; &Fsgrg?ggy %n%w?ursft?/@lg&ssmgg 'g%{\f%gis EHW arSeAZeGr? t300T
and AZ@M00IN avaiabi® |f|©ﬁn S}Z@ Emtmnﬁdﬂatdnalslusﬂe@amt Someastille,

net hacryl ate nonomer, 2.5-di nmethyl-2,5- hexanedi ol
NewjigiseMacr yl at e ( DVHMVA) A 5 liter four-neck round

bottom flask was fitted with a s -
F orkiiess 1 PBeIaaT SOIEREdetha AERETL: PTERING fuanfiies of
h
o e B o) a8SRIcellp ol gt cgniens, and o0

fortlatusedrml the specifs@tion angl. daimsi greriethieawndarsiond @s kring modified
)“

in o iclpiore B9 e eln-afpd “EEofng dobufints fefdired o abaue are

incdtpbrage hevsihi by tdlflereabe dhdls evittetyi sarodll pdrposhs. sttie falldwing
reacti on was .cool ed to, abqut -20 to -300C and, 38 .

spegli XemRPS Wil pavih SRiated hsttehs ofdRemahans 4T pgoducing

and"URiRS - coﬂ&sﬁt%@éf%e”??@s@h?lmtléhi rTeskd ekamples are not
additional 30 m nutes 300C and t hen war ned uRyover

intenidgdt heweyeyo i lievir rgstiict g seRRA ot the invagtionrany way and
shouftPhbt P8 BondiHled ¥8$rBAHIG conditions, parameters or values which

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

Examples

Synthesis Example 1 Preparation of methacrylate monomer, 2,5-dimethyl-2,5-
hexanediol dimethacrylate (DMHMA)

A 5 liter four-neck round bottom flask was fitted with a stopped dropping
funnel, thermometer and mechanical stirrer. After it was purged with nitrogen, the
5 liter flask was charged with 875 mli tetrahydrofuran (THF), 875 ml acetonitrile,
350 g (3.4 mol) methacryl chloride (CH3(CH2)C-C(O)Cl) and 255 g (1.7 mol) 2,5-
dimethyl-2,5-hexanediol: The mixiure was stirred under nitrogen until ithe alcohol

was dissolved. The stirred reaction was cooled to about -20 to -30°C and 385 g
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into deionized (D) water and extracted twice with
diethyl ether. The ether fraction was washed tw ce
wowd/1Bi77avat er and then the ether fracti on wasPCT/IB2007/000899
separated and dried over nmagnesium sul fate. The et her
was stripped in a rotovap in a roomtenperature water
bat h. The anal ysis of the product gave the follow ng
results: 1H NWR ((CD3)2C=0) d 6.02 (s, 2H, CH2=), 5.57
(s, 2H, CH2=), 1.93 (s, 4H, CH2CH2), 1.91 (s, G6H,
(3.&mmpi3 tnet_hy!almhg (Ti2A), vEsCiasipey . OV 5MNAR rDDES3) The reaction

oo e bt o it o i kv

over might.to Syomhteaiperatyrnpitholt Shirdma ke @actibn mekinee wasgiceired

i BRlPRee (DAY BoF EXRetPY SRicRaath fietfudoftersThe st fagtion

was! WREA Jwiceniih ,Dlt\ﬁ&bﬁﬁﬁﬁttﬁén el ef%ih?d&:’t@ﬁ'wéé béﬁ&éted and
After it was purged with nitrogen, the 1 liter sk

driggh gvehaagagsium sulfade. Whet@heema@r%tﬂgp% ing mtovacsm 4 room
ten@%%taga v@;érgbéatg Ing dridiyalh BPine BRIIRE bile TG F8ISHnG esuts:
1HMMR0@6I5)3|)2¢4=O ) h.08l (spBbl, Gid=)i5s550 (s e2H, Ghle_$,t1 08dd, 4H,

CHeBPEanby B BB RTCHPR ST Tidy 141 Cllakidhilos 38 Wik copois) o

160N 1382, 1214@ 8204 3BD, BBAT UIBE. Wb (15ddty Rows f e7131M636, 1473,
addi t i onal 30_m nutes at -300C and t hen war med up over

136}% JAB2t bl 1 &3 tEder at ure without stirring. The
reaction m xture was poured into deionized (D) water

and extracted twice with diethyl ether. The ether
fractlon vvals washed tvv| ce Wltth DII vvater and then the

The et her was stri pped | n a rot ovapl n a room
dlm%‘thef Gte re water bath. The analysis of the product

S2E iy [ RCIRPERbA h E gh y EgoPblsgooping
funqal, tmeilhﬂbn@(té]-ﬁl)&)ndéhanlphmmbrlaftamm wasmaged wvth nitrogen, the
© Bk i S BB 250 P S B i PP Yot PRl
81 4078 el rhé‘!h@bfyl ahRrite HHdOSe Y 3-Redtpil-2,51diBNdhe mixture was
stirred under nitrogen until the alcohol was dissolved. The stitred reaction was

cooled to about -20 to -30°C and 90g (0.89mol) triethylamine (TEA) was added

over 5-20 minutes. The reaction mixiure 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, =CCH3), 1.30 (s, 12H, C(CH3)2).
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Table 2. Unless otherw se specified, all parts and

percentage are by weight. TABLE 1 Conposition (nolar
w@escenrayye) Mol ecul ar Pol ymer - Manuf act ur er PCPAH200%/000899

% Wei ght Pol yGK55 hydr oxystyrene 55 t-butyl

met hacryl ate 45 11, 500 DuPont Pol yGK65 hydr oxystyrene

65 t-butyl nethacrylate 35 11,500 DuPont Pol yGK81

hydr oxystyrene 8 1 t-butyl nethacrylate 19 11, 000

DuPont Pol y@ JQO hydroxystyrene 60 t-butyl acrylate 20
Exahplesnel antiiCanpalative BxaRgley @ J70 hydr oxystyrene 70

t-butyl acrylate 15 styrene 15 11, 900 DuPont Pol yHM30

hydlﬂ@(mpalyﬁfm/e&pmtﬂwk ared herigeatily 30 cb&;m@nmmed to

| yd hyl
progyce BN ePAAIMUEINE KEPORRA BRJAD AN beapsednD: J7 e 1 and

h 1
TaEBTERL iffne b s 00 f3oRbgFe iy

12, 000 DuPont VPT104S hydroxystyrene 75
t- but oxystyrene 25 10, 000 N pmmE SodaTABLE 2 Conponent

NaTe VEnuT act ur ej, - olak resin r
PHmeat r- A % gPé RJ ntg&é‘ ﬁ@g%ﬁfr Manufacturer
hal f ester AB404 (‘55%| n PAYEA) Sart%ner Clonckyl

ogg%élch&%k tyRdn¥ ! &3 GRRQIYIRGry &ﬁéﬁn&@n Pol ymer 11,500 DuPont

R-214 4- hacryl ate
%ngly&r&]%t?’ie"ﬁm %&&f 3&“@( i® ol i gomer 100 DuPont
POB@KﬁbnﬁwdrSWSmeTe&W aétbhtyllr@ﬂtacglayﬂzolwdi acryl ate 11,000 DuPont

{160 ”&fydr%iWJM' -6bl 4- ( PREYrfidts 0) PN Yshenel ra@acun oo DuPont

Poly J7(c):I drofgystyrenet y70

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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2-nor phol i nopropan-1 -one Bis(2,4,6-trinethyl benzoyl) -

I rgacure 819 Ci ba Specialty phenyl phosphi neoxi de | TX
w0 s@pnopys t hi oxant hone Al drich | conol TDA 9 TrPdEDB2007/000899

al cohol ethoxylate (9EO BASF Kalle G Iline dye Dye

AZ(r) Electronic Materials USA Corp. TPSNf

Tri phenyl sul foniumtriflate Toyo Gosei TAG 2359

aDci ni donsyal | nt apht hal ene nonosul fonic Kelly

Chem cal Megaface RO8 Fluorosilicon nodified nonionic

Dai ni ppon | nk Conpany surfactant (90% active in PGQVE)

PGVE Propyl ene gl ycol net q_y et her Dow Chem cal PGVEA

Propyl ene gl ycol nethyl REBYE Bow Cheni cal acetate The

CofpéHetr €si SNaﬁ\@erOSI tions were forvanmatetrby m XI ng the

COTTPOTTETTtS - aCTOr aiT lU the formu_arons ot I %SiCorp

Nowglak™ 4 Al | Y8 MOLR P lient s were B'F?t@a'cﬁl{atﬁ"s
nper at ur aro'Fthd:_EncBacE)(ate Ralffester 2 Ex. 4 Ex. 5 Ex.
SBé(MEX 7 Ex(55% iCROMEANT % % % % O %@”‘3}3% Pol yGK65 23. 79

27.01 23.7 31.03 29.39 1425
Jopery\B@ J70 g‘i@é Z E’g‘%é’xg&‘;g% 9. 52ohrson Bolymergy 11. 36
15.51 14.6 83 DVHVA 14.28 14.85 11.90 11.36

SR8i41 14. 69 ﬁ%“‘aﬁed"ig"éeé"awwcure M8 38 2. 70 2.38
4.54 3.10 5.88 2.70 4.28 Irgacure 819 2.38 2.70 2.38

CN§7154 3.10 @R rdodfifdd ﬁcr@l% 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 Dainippon Ink Company

9 surfactant (90% active in PGME) PP

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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Megafac RO8 0.07 0.08 0.07 0.07 0.09 0.09 0.08 0.09
PGVEA 47.58 40.51 47.58 45.42 31.66 29.38 40.51 34. 34
w{aedoai11z@d. 00 100. 00 100. 00 100. 00 100. 00 100. POTr/IK20070®0899
100. 00 FABLE 4 Ex. 9 Ex. 10 Ex. 1 1 Ex. 12 Ex. 13
Conp. Ex. 1 Conponent % % % % % % SB404 39. 48
Pol yG K67 21.63 Pol yG K70 27.01 VPT104S 27.01 Pol yHVB5
27.01 Pol yHVBO 27.01 SR-268 10.82 13.50 13.50 16. 20
16. 20 13.52 DVHWVA 10.82 13.50 13.50 10.80 10.80
| rgacure 907 2.16 2.70 2.70 2.70 2.70 2.31 lrgacure
819 2.16 2.70 2.70 2.70 2.70 Megafac RO8 0.06 0.08
0.08 0.08 0.08 0.07 CN371T8BI&B | TX 0.61 Kelle G Line

ARG P e TR R O
. .51 _40. . otal 100.00,100.0Q, 100. Q .
Cogeneh 100 dh 100 %OThe ghat or &% st Bootidhe tidm %

PolgBB&e wer e 283at ed27arit o 83.¥hch22.16. 24 cm) silicon

pow@"dg(gs and baked at 1150C for 4-10 mgipgt oosp840Vve the 4425
Solvents to achieve a filmthickness of 20-60 my, ]I'he
PoyBY{®d wafers were exposed with a Carl Suss 011425

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 3166 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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MA200 mask aligner at energy rangi ng from 500-2500

mJ/ cn2. The wafers were devel oped i n an aqueous
wa@odoattieom of a 0.261 N tetranethyl anmoni um hy dPORIB2E07/000899

devel oper. The exposure energy required to retain the

pattern on the mask was cal cul ated for each sanple.

The filmthi cknesses before and after devel opnent were

measured with a Foothill KT-22 filmthickness

nmeasur enent tool (available fromFoothill Instrunments,

La Canada, CA) and filmthickness |oss was cal cul at ed.

The results obtained are presented in Ta}gl e

5 T
ke ehonriesisc sOlylians fiPMaLOuR RBICIRIBE O oo biE-24 om)
silictﬂh g\fagﬁ‘%% bdKad@PI18°8 fof 119 OWmBLreﬁQge'tﬂé* s6REAR tohithieve

otoresi st surface was snooth and shi na/ due to
a filimthicmess ohA0-60 srmolThe icoatadhwatess were lexpesed with|a Catlnauss

ol "X" indicates that the f 0

mAZH e aligasr g £ o5 rabe PR, PO 2850, MERE0 1§ Jgers were
devéldpediif Qn\/ﬁ{deogé @bidtienasich adeeN estraraethymmsmbaiunahgdroxide

wer e eval uated according to SEM observati ons. The
develegel-uti on was eval uated by calculating the ratio of

filmthickness/smallest feature retained. ReSLH ts

The PEGUER eeneRaNuTeRHirgdpoe refainaiine: Batigin,pn the mask was

L oL 56X D% b¥iopment

cald g Ko badt YamRITIE, P UL gpE L BRR e i s Seddop
werplr¢asuyed Withla FOOMIIBKD-2R film thickr@ssdmeasureneod te! (available

vors, 308 4P B, i, R e s8R s
calddiatbd ATES treSaIRs] obthings are b3esentéd Gh Falie gt T edhfer2surface
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 feature retained. Results obtained are shown in Table 5.
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8 1200 9 O Straight Good >4 9 1400 12 X Footi ng
Resi dues 10 1400 12 X Undercut Medium 1 1 1500 10 X
waaenouard Medi um 12 2000 6 O Under cut Medi um 1BCROE20073000899
O Undercut Medi um Conparative Exanple 1 600 3 O
Straight Bad 1 Yes Test for Copper Plating
Conpatibilitv The photoresi st of Exanple 6 was coated
on a copper plated 6 inch ( 15.24 cm silicon wafer,
foll owed by drying on a hot plate at 1150C for 5 mn,
to obtain a coating with a filmthickness of 20 nm
The filmcoating was exposed with a Carl Suss MA200
mask aligner at energy df®4%®0 mi/cnp. The devel opnent

was carried out wilinh 0.261 N aqueous solution of . ...
{ et r ametEhyiggMmoTtidknesy dudatede. Sidtie  coppad) Didsbidonst Utih cu d
‘Det ween(mJtem phot deessi stQuatid el Wellrol'yte (M crofab(r) piating
Cu 200) was carri@® out to ensure that the electrolyte

Exampl

doesg not q@got ack thee phot or esi stkaighiderGedaem cab2and
el egtrochem cal cqnditions. racki and adhesi on
f ai Iczure E)thotor%gi st vvg)re 0 téae_gh\?ed.&%dcrof aggr) Cu
200 3(f r oM®nt hone 8 nc. QPangeStraight 064397 was dsed as
t he 4el ectgoopl ati ng sol uticon. Bkaghtng Gsbdbunps >pas
performe roma heaker wth cm.Xx 2 patterned

waf &r s a?soéur rent tggensi ty\M of %tr%érnﬁs/ d%%?rprret er% (ASD)
for 630 mi8AO Pl ated Cu stiQuct uPeaighyar i @ePd n t hi€kness Yes
Wlht lcurrgado densi 4y and [ ati BgaigHitMeSGoddf t er pbkati ng,

t he phot Si st removed w.th AZ 4Q0T stripper

avail abl 35 rom AZ “El ect r\(é)ni c%?'%t}ti al é)g(lf]SA Cor>gs,

Somey vi | hggo New Jgssey. B at edodtidg Stmaswlued es and cross
sections of the resist sidewall profiles were

evall@at ed4®y scanid®ng el ect r d¢ndgicet odfledigMs ( SEM usi ng
AMRAY 42Q6do el ect N m cnpscopeercutl N@esiumf ace of t he

gg%gr esizﬁéq was shrg)ot h Wld h n@ndg?pocﬁ{:kimgmmshovw ng

ti bi y wth the platlng ution. Due to the
si miBari 2900f 5 0] ndercut  Medium
Comparative .
Example 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 pm. The film coating was exposed with a Carl
Suss MA200 mask aligner at energy of 1000 mdJ/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 electrolyte does not attack the photoresist
under chemical and electrochemical 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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the chem cal structure of the base polyners, it can be
expected that other photoresists of Exanple 1-5 and
weEx@mpless 7 and 8 are al so conpati ble with Cu PCEHIB20¢r/000899
solution. SB404 oligomer was used to prepare the
phot oresi st of Conparative Exanple 1. The sane
eval uation as above in Exanple 6 was done to eval uate
the performance of the photoresist and the results are
given in Table 5. The conparative exanple 1
curigidtensisi aid ﬁlatmg dimess aftard platingnthanghdionesist masokotaved with

th t he phot s t
AZ gffib stneR HTRPIR TR e PRI MBTediait Deah Coms, sigmayvile
Ne\ﬂ‘4dér§eﬁ8P%'ﬁé’d @IMAfRIES SRR BeblicHPbe thd-rbsBt sidewall
shown 1 n Table 6, show use of the additiopal .second ¥‘
profilgs Wfﬁ’ﬁs?Vﬁbl&t% byrReeeRing decten miergoranhs (HEMY psigoAMRAY

42(@2_%!&%“0%@“ @Qcéﬁé&ml'ﬁg ﬁ@rl’a%g%@ e bﬂokﬁ?ﬁsﬂo\%y KR{cdth With no

the acrylic acidstyrene
craciopg)| ghm\nngva:snmtublll% vyithtth@ pieding mjut}qn; rRue T éhe similarity of

e SRR I 8L BB, P BB el

phdl@@gsﬁﬁﬁf ER@mpRS 15t sndvExampiesen and 8T atﬂ alsd@.cofpmtible with Cu
‘@ﬂ ot oresi sts exhi bited good |ithographic performance

platng $RAIUWMN-hi gher exposure energy was needed. In
Conpar ative Exanple 2, 100 % novol ak was used

h .
58484 peligoraer vm% wiRst dPeBraparg); W%W%&Wboﬁdscgmgaratlve

Exé&ﬁl@og @bﬁ@%‘fﬂﬁ@%ﬁ%&fgﬁm& %65?&‘/30 a)én?fe evBluate

theamr;msce1of3tbxel|5h¢:terereastqutsm@IeMsmeymvsaonﬂa% 5. The
corﬁgargg\‘;é) g():(é%lp? 11prf'otgre'§%\f%'h8§le8 185 BoRésidn hd v 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.
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SR-268 12.17 13.60 13.68 15.08 14.7 8.79 SR-214 14.7
DVHVA 18.26 16.62 16.74 15.08 20.5 Irgacure 907 4.56
W@ 23140736 4.53 3.0 4.39 Irgacure 819 3.04 3. 0PCBIK2407/000899
3.02 3.0 4.39 Megafac RO8 0.09 0.09 0.09 0.09 0.11
0. 09 PGVEA 31.45 31.92 31.46 32.04 30.4 32.55 Tot al
100. 00 100.00 100.00 100.00 100.00 100.00 TABLE 7 Film
Energy Thi ckness Surface Side Adhesi on Resol ution
(mJ/cnR) Loss Quality Wall 14 1500 6 O Strai ght Good
>4 15 1200 5 O Strai ght Good >4 Exanple 16 1000 5 O
Strai ght Good >4 17 1500 7 O Strai ght Good >4 18 1000
O Straight Good >4 Coff?hF&tive 2500 12 X Footing
Resi dues Exanple Exanple 19 to 2 1 and Conparative
Exanpl e 3 Btk 4 Ekhtb phat tr e$kst7 cBxp8si t iComg. bele
Comdramtl at ed @ccordi,ng toy,Tabl ,8. 0.28 % TPSNf and 0. 58
i 20
Poly@th> 1, respectivel y,2'a8 sH8®R in Table 8. No PAG or
Poly@Xs5was useda n thefornul ati on of Exanplei 9. The

Po]g@,géd)resi sts werg gval uated lithograghically as in

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 31.45 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:i%? | 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)‘(’;“nﬁ’;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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Exanple 1-8 and the results are shown in Table 9.
Addi tionally, after devel opnent the patterned
webevotess st filns of Exanple 19 and 20 were eR@DBEERA07/000899
under a Deep WV lanp at 130 mJ/cnR2 and foll owed by a
post exposure bake of 800C for 30 seconds. The
phot oresi st filmof Exanple 20 was renoved fromthe
substrate after imersion in a 0.261 N aqueous
solution of tetranethyl ammoni um hydroxi de at room
forntdatier aft Bxampler 92Theaiphotofesisishudrer @slsted ilithogedphically as in

B, T’ U kBT 3SRy, e
devé@ Frférnﬂﬁ{é ﬁ@l@érﬁéﬁ%h@foréslbmlmfs cﬁmme 3 glammo h/éf@l exposed

on a hot plate of 2000
undeéﬁdsa@@ Polanmat 438 4ny/gime amf@}lowaﬂ&vs@ @ﬁsmpasweé%e of

80°¢) feﬂ§§%aéoﬁ&l Ut &Brésﬁ‘ét RS faséame rym@y&hemi ﬁoﬁt the
room t enper at ur e 20 min. TABLE 8 . EX.
subﬁtraIeComﬁter Eximme@mrrp. iBx. a4 Co2Pbnebt WW% %?0|Utl0n of

Pol 65 23. 74 Poly3 J70..27 9 I
tetrageyleamoRu o iybTises 2t Jodh Tgrbrard fdyat hin. o e
phoicﬁgététs ﬁ!]ffwl&)r &aﬁﬂ)léol%ﬁ/al;rrgmigecg o@ngﬂle4$abslra49 2hdér :ﬂ?e same

rgacure 1 8.2.37 3
congtiogs 6 siiinpintras RkaaBle 80 5@1%3%?@@ 5ot Brbs GXggple

21 Yaf hakl B&EFA &t é’te:’& 2‘5@)°@4‘0|5é I"AIFI A Was 8dmbokdkrom the
100. 00 100. 00 100.00 100.00 100.

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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TPSNf - Tri phenyl sul f oni um nonafl ate TAG 2396 -

Di nonyl napht hal ene nonosul fonic acid salt TABLE 9
wEa@rgy7(ad/ cn) 19 1300 10 O Strai ght Good >2P@DIB2007/000899

Exanple 20 1500 1 1 O Straight Good >2 Yes 2 1 2000 11
O Straight Good >2 Yes Conparative 3 100 7 O Straight
Good >2 Yes Exanple 4 2 500 12 X Footing Fair > 1 Yes
In Conparative Exanple 3 and 4, 0.24 % and 0.41 %
TPSNf were mixed in the formul ation, as shown in Table
8. The sane |ithographic evaluation as Exanple 20 was

Aamrma  f o~ CAarrmatr—at—i—r T\, 1 2 a4 () [
gonc—Tor—onparatTve I:Aallpl_lp cgulu 4, dlifa 1rneT1Tesurts
are given in Table 9. After WBEE Deep IV exposure and

post exposur e _bake, tFin pho i ste.fi 1 mof Comparativegyinnedi
Exanpl e 3 vﬁgfgﬁ, i eigiahesan %%&3561 \ %aquédmsm@oﬂawt@w J;ﬁiip;?
of tetranethyl ammoriesibilydr oxi de, and the phot oresi st

filmwaggrenmegad fronpthe supstr adiight 4Bosd NUt es2 | n No
Conpar ative Exanple 4, the photoresist filmwas
El"%’ﬁ@?/edz?ronﬁoﬂe substrate iﬁ 0. Z%T'gﬁf aqi8¥ls sol’ftion YeS

of tetramet hgdoanmoni um hydr o®i de Sifalget Déed UV >2 Yes

EXpOSUre, and B HOWever, TRE [ appl.coeval uation
CO'BPar@ﬁpar at i Q/dg)EExaan\‘é 4 shO\E/\]/ed uéﬁ%g]gl{ra%:ogd i Yes

BYBYS ng. 40 ai M901. A r@gat i veXphotfsotkg st Renposi tilon Yes

conprising; a) at l|east one al kali-sol uble pol yner,
where the polymer conprises at |east one u

b Comparaiig Blamle QB (4 % 206l G4 O | hisklpBieee AiKgd in
theffoﬂﬁhﬁﬁgﬁpﬁgnshé\@ Gn4Tablkys. THB! 84mBEIiRBYraphRMeNBIluafitl as

mis an integer froml to 4,
Example 20 was done for Comparative Example 3 and 4, and the resulis 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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b) at |east one nononmer of structure (11), (H where,
Wis a nmultivalent linking group, RL to R6 are

w0 pabepertdent |y sel ected from hydrogen, hydr oxyPCT/IB2007/000899
(C1-C20) alkyl and chlorine, X1 and X2 are
I ndependently oxygen or N-R7, where R7 is hydrogen or
(C1-C20 alkyl, and n is an integer equal to or
greater than 1; and, c) at |east one photoinitiator.
2. The conposition of claim 1, where the

Claiingal i - sol ubl e pol ymer furt her conpri ses an
aci d-cl eavabl e group, and/or the nononer of structure
(I'l) conprises an aci d-cl eavabl e group. 3. The

1. conbosgaiivenpliatomsilticgntpositibaicontrisidger e t he aci d
cl eavable group is selected fromC(O-O0C, COC and
C- @)Si . 4t |eBisk onerglkali-$olable gudymesi, nghdre thaypablyraeptomprises
claims 1.t ere the unit of structure (1) is

at I%ﬁi%‘?d‘q"tfgrﬁ%@cﬁ@ﬁéﬁer sel ected from 3- hydroxyst yr ene,
4- hydroxystyrene, 3-nethyl-4-hydroxystyrene,
3, 5-di net hyl - 4- hydr oxyst yxeng, and
3, 5- di br onp- 4- hydr oxyst . 5. The conposition

e[ conprises at |east one
‘, The conposition
2A he addi ti onal nonomeric

unit is derived froma nB)QirenHsel ected from net hyl
(nmeth)acrylate, n-butyl (nethacrylate), phenyl
(nethacryl ate), benzyl (megpacrylate), styrene,

hydr oxystyrene with an acid cl eavabl e group, an

et hyl eni ¢ compnoner with an acid cl eavabl e group, and

wheysy tbrifsseleqied | indepansiently ram hyerepas, dbidbialkys sbering, and
bro\%ﬂﬁe Cgpﬂqﬂ%% qlqtegF {)ﬁi‘ g)k&o any one of clains 1 to 6,

ere the I'ng group, W is selected

S ek xﬁﬂgmﬂa@ﬁ%ﬂﬁwﬁg L 20) atlyiene. ant

corrp05|t| on according to any one of clains 1 to 7,
where in structtﬁe O

al kal i sol ubl e polyner fu
addi ti onal nononeric unit
according to claimb5, wh

R WXC

()

where, W is a multivalent linking group, R, to Rs are independently selected from
hydrogen, hydroxy, (Ci-Czo) alkyl and chlorine, X; and X, are independently
oxygen or N-R7, where Rz is hydrogen or (C4-Cy) alkyl, and n is an integer equal
to or greater than 1; and,

C) at least one photoinitiator.

2. The composition of claim 1, where the alkali-soluble polymer further
comprises an acid-cleavable group, and/or the monomer of structure (ll)
comprises an acid-cleavable group.
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(1), nranges froml1l to 7. 9. The conposition

according to any one of clains 1 to 8, where the
we@eopouwTd of structure (11) is a di (neth)acryl BEBIB2007/000899

nmonomer. 10. The conposition according to any one of

claims 1 to 9, where the nononer is selected from at

| east one of ethylene glycol di(nmeth)acryl ate,

di et hyl ene gl ycol di(neth)acrylate, butanedi ol

di (net hacryl ate), 2,5-di nmethyl -2, 5-hexanedi ol

di (net hacryl ate), 2,5-di nmet hyI 2, 5- hex- 3-yne-di ol

d
S ST PSRBLAOR ool I By URRrEae el Bk aroup i
selgatad HOMeC@EO/CaCe);C and GErbiaer yt hri t ol

hexa(net hacrylate). 11. The conposition according to

any one of clains 1 to 10, where the photoinitiator is

4. at Treasdémposition abcbmm{gat@/aﬁw@h@rwwm@hewb kRN the unit of
2,2- dinmethoxy-1 ,2-di phenyl ethan-1 -one, bis

strqc,’tqrﬁeflhﬁ lgq{g/@w Srﬁﬁ'eﬁyﬂ}ﬂﬁ‘éﬁlﬂﬁl ﬁg&tpgefrom 3- hyd(roxys’tyrene 4-
ygl LA
hyo&é)b/éoyf(ré[lé‘_ rgre rﬁﬁﬂﬁyf Jf‘ﬂg%%&g&g}’ 1Heo%25 dimethyl-4-hydroxystyrene, and
iremoyd lwdmxyetwwam no- 1- (4-

nDrphoIinophenyl)butanone,
2-nmet hyl - 1-[ 4- (et hyl t hi o) phenyl | - 2-

5. rmrtl’fmbd)mppsmparacl:ommg t@ady dnkyolr claims 1net fylwhdre the alkali

n-1l-one. 12. The co osltlon according to

solfc PoMndirORRG camaties alloat GreEERiasAbRTOsPET Uit
thermal acid generator and/or a photoacid generator.
13.__The conposition according to any one of clains 1

6. t o TiE coOmMPOREION cRRReFding rig c&alge@owwmrg thel @dﬂﬁionaicmormeerlc
o AIBRLLA TR 35 BRI RV hEENSFRR bun

(me(thad;mbam:)rylphenglcl dnetblat:qjlaté))g tpmzy/her(medIaowiaml),yrrersiyrene
vl S K stltut t|t fed (met )éﬁ% ate containin
VdeE‘&’f pae d’i" BBo‘W %”“’a ISsPOUP; 2l RYISPICsyRpReeE ¥
acid clealvaBigtgbus CaHdhdtbBEhdMe! JeTRalive With&PCadidelcsvable group.
unsubstituted or substituted vinyl aromatic containing

pol ynmers or copol yners, (nmeth)acrylic acid-styrene

7. COPfe %h@o%ﬂﬁmn%\é@ér@h\gﬂé YJVW one ﬁf clIfmsCIRPH t\b/ﬁ@re the
any one of clalns , ere the conposition forns
mubivalent linking group, W, is selected from at !east one of a polymer, (C1-Cag)

alkylene and (C2-Cs) alkoxylated (C;-Cy0) alkylene.

8. The composition according to any one of claims 1 to 7, where in structure
(1), n ranges from 1 to 7.

9. The composition according to any one of claims 1 to 8, where the

compound of structure (ll) is a di(meth)acrylate monomer.
10.  The composition according to any one of claims 1 to 9, where the

monomer is selected from at least one of ethylene glycol di(meth)acrylate,
diethylene glycol di(meth)acrylate, butanediol di(methacrylate), 2,5-dimethyl-2,5-
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filmw th a thickness in the range of about 2 mmto

about 200 mm 16. A process for imaging a negative
wW@bowrorEss st conprising the steps of, a) form Pgr/EB2007/000899

| ayer of photoresist coating fromthe conposition

according to any one of clains 1 to 15 on a substrate;

b) i magew se exposing the photoresist with an exposure

equi pnent; and, d) devel oping the coating with a

devel oper. 17. The process according to claim 16,
hexahediol difreefitactyiate}iZ5-diroethyhd, SHaex-3-yhetdioltdijnesthasrylate),

oyt e BUNGatm AL Pebiluhfy R eT Rl Penurdfinytro
perfta(mdtnBgplats)cand peataceythitel henedhmtigidr(iale)gr eat er t han

200nm 19. The process according to any one of clains
16 to 18, further conprising a step of renoving the

11. POt 88hnplosftiBft ilé&r&ih?r@ot Qﬁg%td'faélﬁimszq td N®, where the
process according to cfaim19, where the renoving step
phateinifietosels edaleiagh arnee ghhbthydenys cyelphexr peenyt hketone, 2,2-
: Qpi | 1d_renoving the photoresist film: )
d'mgrﬁ%o%,ﬁh%%%tsr&%ﬂ%p?ndngh aqueous al kaline sol uti o?'s(g"lﬁ
trimethylifenzoyplearsy|plasphiticogidep any ohft-(E-hydrakyethbgy)pbenyl]-2-
0 urther conprisjng exposing t hot Si film
hyé%y';ﬁ?tgﬁbkgﬁ%@étipa?ng to any gﬁ-ggg;yl%r-cim?éﬁyilgwr@-é-m-
morbhoiéitRiyl)Bud@vRboper conpri sesmathyidyaqurfetsathid)phenyl]-2-

conprising at |east one conmpound selected from
mokpbioliagRieRGN- 191 ANdrR-RydresyRdeethybdrhenylRrogandeongrd

pot assi um hydroxi de. 23. The use of a conposition

according to any one of clainms 1 to 15 as a negative
12.phofher eminyiasition according to any one of claims 1 to 11, further

comprising a thermal acid generator and/or a photoacid generator.

13. The composition according to any one of claims 1 to 12, further

comprising a secondary polymer.

14.  The composition according to claim 13, where the secondary polymer is
selected from 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.

15.  The composition any one of claims 1 to 14, where the composition forms a

film with a thickness in the range of about 2 um to about 200 pm.

16. A process for imaging a negative photoresist comprising the steps of,

a) forming a- layer of photoresist coating from the composition

according to any one of claims 1 to 15 on a substrate;
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b) imagewise exposing the photoresist with an exposure equipment;

and,

d) developing the coating with a developer.

17.  The process according to claim 16, where the photoresist coating has a

film thickness in the range of about 2 um to about 200 um.

18.  The process according to claim 16 or 17 where radiation for imagewise

exposure has wavelength(s) greater than 200nm.

19.  The process according to any one of claims 16 to 18, further comprising a

step of removing the photoresist coating from the substrate.

20.  The process according to claim 19, where the removing step comprises
heating the photoresist film after the developing step, and removing the

photoresist film from the substrate in an aqueous alkaline solution.

21.  The process according to any one of claims 16 to 20, further comprising

exposing the photoresist film.
22.  The process according to any one of claims 16 to 21, where the developer
comprises an aqueous solution comprising at least one compound selected from

tetramethyl ammonium hydroxide, sodium hydroxide and potassium hydroxide.

23. The use of a composition according to any one of claims 1 to 15 as a

negative photoresist.
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