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especially useful for imaging thick filnms, conprising
a filmformng al kali-insoluble resin, a photoacid
generat or whi ch produces a strong acid, a solvent and
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m ¢ EORRBISTIEOMBRSITION @B A MALHIN IGKSIED
process for coating and i maging the Ilght sensitive
conposition of this invention. BACKGROUND OF THE
FIELD OFENVEDN BNt or esi st conpositions are used in

ohi B R RDPASS IR I sEREHAS TR Bb bfpsivon
especi‘éﬂ?%bﬁﬂ 6NinfsgiRg thitlofilg, abeprisingcaliiing-foring aldaliyinsdluble

t hése processes, a coating filmof a ot or esi st
resin, co ihet9acic ganerator é’(hl‘ébmfﬁ)‘éld?etsoaaﬁ%@{sg{] V@Pf And a

photoﬁférﬁgrlljﬁ%clede)_?'h\glﬂfgggt@‘;agfsﬁrﬂi'lif di HR samE Héﬂldtl%heeﬁf ﬂfeeﬁhotoamd

rate 1s then ba t
generatmramhh% ansfesalily ansimilar ohlowsroats et Pb@to@&ﬁﬁ%mg ihgp the

o by BRI A0S 1 gl et

2 mickéhs (RER- W@nr&r)enﬂsurfmm@ pradidesi fon.a ﬁsmc&ssa‘dr a&batimg and
exposyre causes a C eglcal traneg@rnatlon in the

Imaglegﬁa%'&h’fﬁeéﬁﬁ'VSfCWS iR Qi dhis iventign- \j sipl e 1 ght,

ultraviolet (W) light, electron beamand X-ray
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computer chips and integrated circuits. Generally, in these processes, a coating
of 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 today in
microlithographic processes. After this image-wise exposure, the coated
substrate is treated with a developer solution to dissolve and remove either the

radiation-exposed or the unexposed areas of the coated surface of the substrate.
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may be ﬁ'eatedhwrth a substrate-etchant solution, plasma gases, or have metal or
metal composites deposited in the spaces of the substrate where the photoresist
coating was removed during development. The areas of the substrate where the
photoresist coating still remains are protected. Later, the remaining areas of the
photoresist coating may be removed during a stripping operation, leaving a
patterned substrate surface. In some instances, it is desirable to heat treat the
remaining photoresist layer, after the development step and before the etching
step, to increase its adhesion to the underlying substrate.
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necessary for certain type of processes, especially for very thick films.

It is the object of the present invention to provide a chemically amplified
photoresist useful for imaging films as thick as 200 microns (um), which provides
good lithographic properties, particularly photosensitivity, high aspect ratio,
vertical sidewalls, improved adhesion on metal and silicon substrates,
compatibility with electroplating solutions and process, reduced resist film
cracking and improved environmental stability. The inventors of the present
invention have found that a photoresist comprising a polymer which is insoluble
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Description of the Invention

The novel photoresist of the present invention provides for a light-sensitive
photoresist composition useful for imaging thick films, comprising a polymer
which is insoluble in an aqueous alkali developer but becomes soluble prior to
development, a photoacid generator which produces a strong acid upon
irradiation and a photobleachable dye. The photobleachable dye and the
photoacid generator absorb the same radiation, which is the radiation used to
expose the photoresist. Further, the bleachable dye has approximately similar or
lower rate of photobleaching than the rate of photolysis of the photoacid
generator. The rate of bleaching of the dye is preferably not significantly higher
than the photolysis of the photoacid generator. Preferably no more than 95% dye
bleaching should occur at the resist dose to clear. The clearing dose of the resist

is defined as the minimum exposure dose required for completely developing the



devel opnent, a photoaci d generator which produces a
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Also preferred are (alky|)acry|ates which may be copolymerized to provide an
acid labile ester group, examples of which are tert-butyl acrylate, tert-butyl
methacrylate and methyladamantyl acrylate. Preferred are copolymers of
hydroxystyrene and acrylates. The polymers may further comprise comonomeric
units which do not have acid labile groups and are derived from polymerizable

monomers, for example, styrene, acetoxystyrene, and methoxystyrene.

Examples of hydroxystyrene based resins usable for capping with acid
labile groups include: poly-(4-hydroxystyrene); poly-(3-hydroxystyrene); poly-(2-
hydroxystyrene); and copolymers of 4-, 3-, or 2-hydroxystyrene with other
monomers, particularly bipolymers and terpolymers. Examples of other
monomers usable herein include 4-, 3-, or 2-acetoxystyrene, 4-, 3-, or 2-
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As described above, for the photoresist of the present invention, the
hydroxystyrene based resin is made alkali insoluble by protecting alkali soluble
groups on the resin with an acid cleavable protective group. The introduction of
the protective group may be carried out by any proper method depending upon
alkali soluble groups on the resin, and could be easily carried out by a person
having ordinary skill in the art.
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According to the present invention, the above resins may be used alone
or as a mixture of two or more.

Particularly preferred are polymers comprising units derived from at least
one monomer selected from substituted hydroxystyrene, unsubstituted
hydroxystyrene, substituted alkyl acrylates, unsubstituted acrylates. The

acrylates may contain acid labile groups or nonacid labile groups. The polymer
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I 0X ene, substituted al kyl acryl ates,
comnmrﬂwtascomm)le@ri sepgblat @fspromémcawt@nssa%wp@anwﬂwﬂon a

photo%%iod ﬁgﬁg}a{t&f (oA ﬁzsoio Ehen%@& %ohﬁ)@smﬁngﬁogé’lécteah om those

conmpri se uni do not have an
whictaabsbrbaii the dgsioer exsostire ama\tdimygih,dmemreblyfbehhw A Qore rand

moro 5 RO e BB UG RS oot

polyrtBradiiite phdsTBSILE 16 gikB enyblymeaiwimty Is KovasollblelrctheTalkaline

al kali insoluble palynmer of_the present invention h
develgpREin e SYEPsRsbISBPRDUREY RAGGRBY henyset WidinosBtics a

strong’ 898, parRBRY al SRR adi.eE6itaIE Yexdniiles 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, 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 sals,
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 serial
numbers 10/439,472 - filed 5/16/2003, 10/609,735 - filed 6/30/2003, 10/439,753 -
filed 5/16/2003, and 10/863,042 - filed 6/8/2004, and are incorporated herein by



about 3,000 to about 50,000, and nore preferably from

about 5,000 to about 30,000. The polyner is present in
wo b@7forinul ati on at | evel s rangi ng from about POI/IB2006/001933

about 99 wei ght% preferably from about 85 to about 98

wei ght % by total solids of the photoresist. Although

any phot oactive conpound nay be used in the

phot oresi st, commonly a conpound capabl e of producing

o A BT 4 o R e g

are triaBineB, dxagokesatoxatimzdes| rthldzebepps;wbetltmacbIZemgohes PAGS

s el SO0 AR B gl e oo
esters! D(ﬁ@llulerﬁetPthﬁéﬂ?ﬁesOf bisRRIBRAh iR, bis- s@tlwﬁylmemdrmeror

I's now soluble in the al kaline devel gper in the
bis- suﬁmmcb@eaolm@m&m% Any PAG may be used whi chrigRenyisuifegium
ary a sulfonic acid thd /M UBfonium

tr's(m@‘!?a(%%t@ﬁél&ong dteggﬁéér ating photosensiti veﬁgonr%?unds
bis(irifiuasbmethylsilfonghimide,ni t ati on, i oni ¢ phot oac#ighenyliodonium

ors ch as d| azonium sal ts,
tris tn@ggrf)@e '%Aﬁeﬂegﬁa?’s or non-ionic PAGs gipﬂ%ﬂgio‘&%‘mum
bls(tnﬂl(fl‘él‘i’n%tﬂyflsﬁlﬂﬁdnymﬂﬂﬂé’unNIShydirUiqfrﬁphtlwﬁymdm deffate, and their
ni trobenzyl sulfonate esters, and i m dosul f onat es,

homolggtia® agha gsgible sandidatese corrpound that pr oduces an
acid upon irradiation may be used. The oniumsalts are
usual Iy used in a formsoluble in organic sol vents,
t xanpl es of
Scherﬂ%% %1%&“?523 g%gh |Iéc§joﬁmlf;rtn&%t Ics)g&%orirjgtdﬁane sul f onat e,
di phenyl i odom um nonaf | uor obut ane sul f onat e,
triphenyl sul foniumtrifluronmethane sul fonate,
Sche tr|1phenyl sul f oni um nonaf | uor obut ane sul fonate and the
SCNeMBLe  Other useful oniumsalts such as those disclosed
in US patent applications with serial nunbers
10/ 439,472 - filed 5/16/2003, 10/609,735 - filed
6/ 30/ 2003, 10/ 439, 753 - fifed 5/16/2003, and
10/ 863,042 - filed 6/8/2004,_ and are incorporated
herein r Sher ence. (lh pounds t hat form an acid
upon ir tlonthat =\ he’ used @abeth
oxazol es, [

u@N@ CP R




such as those described in US2002/ 0061464 are al so
useful. Phenolic sul fonic esters,

wo _rmocmbnﬂ@rret hyl tri azi nes, bis-sul fonyl met haneBCT/1B2006/001933
bi s-sul fonyl met hanes or bi s-sul fonyl di azonet hanes,
tri phenyl sul f oni um

tris(trifluoromethylsulfonyl)methide,
tri phenyl sul foni um bi s(trifluoronethyl sul fonyl)im de,

di pheny!l podont um tri ikl I j

VBB B aERHRAsUBElY [ LEPBRITRIIC D BRaH SiBk el
X is a&mﬁw&méﬁdgial f m1@%),:jaridf Réds indepeddenity seleotedl foornd€1-

are al so possi bl e candi dates. Sche 1.shows somne
Co)alkiéx anfhtides)@OPhOt ehetvly e %MWE%EQMC: n@%ﬁ%@@ﬂ‘ﬂmﬁwﬂf‘?ﬁw
furyletRylfRlchel (G8 Msupstitaideriayisiryliqsnd, GephBiya) {OxGq)alkyl or

SYJ stituents, is a sul fonatée counterion, n =1-20,
(Cy-Caialoxy substindegoapbiil.y sel ected from (O C8)al kyl ,

(CrC 8) al koxy, phenyl, styryl phenyl, (Cr

C8) al koxy-styryl phenyl, furylethylidene, (C C8)alkyl

substituted furylethylidene, naphthyl, (G -C 8)alkyl

dviix{utes ©8 )pdiokanotive mmundsdnamﬂ#smiwp. ugadktlnraste preterred

hot ' | .
oo LRGSR AR Sy AR e PGl sy Pfpounce e
preferﬁéﬂl, ?ﬁd@lmhm? salts mehm?wmipd soap®Upds faze maare pratérred. In
sul foni um sal ts
anothes emBRHIEENT oh 1 BAGG VG RACH IS VRIS i Hagie ik ap eice-

The B otdablivd UESmBburd ! rprafdrasiyand ghibtbadide gehbfator, may be

- otoactive conpound, preferably a photoacid

incorpgeated dn errangeyfrase O héw i Pavalghideiby solidsngeeterabhy 6o Q-8 to
. . [ f 3.t [

s wedfl SROPb SRR o LY I A 1 S e

types hyf BAGSImisefbrie thisprweafioPABS triskibrymethylitiazingsespecially

are trichloronet hyltrjazi Laly '
L e L et

C BB ANBRSSiA SPRBPPIPRE G PESIT ol S, ap alkal
insoluBRN§YIolfrRér, 38 dolfotBASTHO Bbaa@elkstbhad dx ephdibbleachable dye. The
photobleachable dye preferably is one which is absorbing at the same radiation

as the photoacid generator and more preferably has a similar or lower rate of
photobleaching. It has been found that vertical sidewalls of a photoresist pattern
can be obtained by adjusting the type of bleachable dye and its concentration.
Preferably the bleachable dye is a diazonaphthoquinone sulfonate ester of a
polyhydroxy compound or monohydroxy phenolic compound, which can be
prepared by esterification of 1,2-napthoquinonediazide-5-sulfonyl chloride and/or
1,2-naphthoquinonediazide-4-sulfonyl chloride with a phenolic compound or a
polyhydroxy compound having 2-7 phenolic moieties, and in the presence of
basic catalyst. Diazonaphthoquinones as photoactive compounds and their
synthesis are well known to the skilled artisan. These compounds, which
comprise a component of the present invention, are preferably substituted
diazonaphthoquinone dyes, which are conventionally used in the art in positive
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phot obl eachabl e dye preferably is one which is

absorbing at the sane radi ation as the photoacid
w@emeneatioe and nore preferably has a simlar orPCT/B2606/001933

rate of photobl eaching. It has been found that

vertical sidewalls of a photoresist pattern can be

obt ai ned by adjusting the type of bl eachable dye and

its concentration. Preferably the bl eachable dye is a

di azonapht hogui n | fonate e a pol
photo et QBB Emony i b DG | L asibidsn S HK((Redy for
examphié,zw sr&:} Ratehy I\mmitmrsfaazw,ms,l feﬁ 06i465F] I3,148,983, %,/1 30,047,
, 2-napt hoqui noned]_a e- o- 0 C I ge anaj o
3,201,828, AZBAHORIN GriE, 55 abisetd ahptaplecdrbls s el e, bu
are ng qm}&& 1G OO WififoRlc AickP!asierdr MmadeC BYPeGHdE¥MY Nthefolic

enolic noieties, and in the presence of basic
compaurtds| suah. aphydenaprrnzepheneness Aigopese sanolse phenols and

their ogg%{\‘lﬁﬁ\g%‘?}ro%ﬂké | m%ﬁl%hggﬁ‘ﬂuiseo@iﬁﬁltm%ito%&@@énﬁéll tcdrdR with

trsan. ese compounds, rise a
naphtiecqioen{ 1, 2f dinbielegi-sakonyl i chiendd angd/cr eaphtbbsuinange-(1,2)-

.. Supstituted diazonapht hoqui none. dyes, i C
d'az'dE'o‘Jr%@tﬂqun&)"P” Ssed 'i‘nOP%eeg\%PgF?ué{’ﬁoSF W\?eg%%cﬁaggel e
monoh{drBk abheRdls Bdeh sRNselrmyiphgnslomareursteferredl. In  another

di scl osed, for exaggll e, in US 1E’at e&%PqN?inber.s .
embodinyent of ifae blgaghablaglye, Hhe AYMHgL o ﬁ‘,el , |§,mg|,e§8§ per one
; PRy is
oty 08 AR sl e
in theaange e62-F; andnmtwelpyetesaldly i thegapge ®6Br% conpounds such
as hydroxy benzophenones, oligoneric phenols, phenols
a8dmiehrepreseatativatexasplesiofpodlphiraxyicompounds are:

mul ti substituted-nultihydroxyphenyl alkanes with
(a) Polghidroryhenrophernone® sdchzisd @;:F4-dihydoexybeorophentme, 2,4,4'-

. d/ ht ho- quj D 2) - di azj de-4- f ;
inyEpoeh RS L ARl P e e a2
meth*[@@r@iﬁbﬁéﬁéﬁ{e,phenmESMheﬁéhydrmmﬁophemr&a, pr ef e 2d 4'-

n anot her enbodi nent of the bl gachgbl en%e, t he A

tetrahydrayybenzonheBopRe 63 fyPentabydinxybenzontienapgy &8¢24-
I d

pentab&ﬁ%ﬁ—{%{?%gmyqr{éo nmpound u 923’,4?23,SQB%SKF&BRyﬁénzophenone,

e s’in the range of , and nore o
2,4,6 3t 4 Ftharhlydroxybenzophgeond, 3-5. Sord#dr epr esent ad48,4',9-

nexalSAORIER B In ARy 0xy compounds ar e:

(b) Polyhydroxyphenylalkylketones such as 2,3,4-trihydroxyacetophenone, 2,3,4-
trihydroxyphenylpentylketone, and 2,3,4-trihydroxyphenylhexylketone;

(c) Bis(polyhydroxyphenyl)alkanes such as bis(2,3,4-trihydroxyphenyl)methane,
bis(2,4-dihydroxyphenyl)methane, and bis(2,3,4-trihydroxyphenyl)propane;

(d) Polyhydroxybenzoates such as propyl 3,4,5-trihydroxy-benzoate, phenyl
2,3,4-trihydroxybenzoate, and phenyl 3,4,5-trihydroxybenzoate;

(e) Bis (polyhydroxybenzoyl)alkanes or bis(polyhydroxybenzoyl)aryls such as
bis(2,3,4-trihydroxybenzoyl)methane, bis(3-acetyl-4,5,6-
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(a) Pol yhydr oxybenzophenones such as
2,3,4-tri hydroxybenzophenone, 2,4,4'-
wo poohiparioxybenzophenone, 2, 4, 6-tri hydr oxybenz optierEes/001933
2,3,4-tri hydroxy-2'- nethyl benzophenone,
2,3,4,4" -tetrahydroxybenzophenone, 2,2'4,4'-
t et rahydr oxybenzophenone, 2,4, 6,
3,4 pentahydroxybenzophenone 2,3,4,2' ,4
enta dr oxy- benzophenone,
tflhydrgxwmrw?l)mh%tb!ﬁﬁ?dgéxtylbléﬂr%w@??&d@be“ze“e and bis(2,4,6-

"'hydréxﬁf’e?[‘%y')ﬁé% Hexahydr oxybenzophenone, and

"’ hexahydr oxybenzophenone; (b)

) ARG BRSO SR 35 cenoghcskaos

dlhydrbkyﬂertibatqa inelrethylene glyicet- dl(]@,4 Eatr@ydroxybenzoate)
2,3, 4-tri hydroxyphenyl hexyl ket one; (c)

(9) Po@k@@ﬂﬁdyblw@hymwmarad » Al Achiphenglinidl, 34,5-biphenyltriol, 3,5,3'5'-

blphermﬁgirgl 4 Qdfll ﬁ ﬁﬁéﬁl}p?ﬁé%%gn@menymentol 2,4,6,2'4'6'-

buphergnﬁé)?ol Sarftt .5 402 oy quh@nxlh)amslo pane; (d)

I'yhydr oxybenzoat es such as propyl

[rieRs¥ s0ER a8af, £-thidb@ity |3-dihydrox benzene
() Blsgpélyﬁy(?r??(g)\égroxygenzoate andgrg enylly Y)

0) BIS?) 43{!'{3/ J&Jgﬁggﬁ?;é&ﬁ%%heas gel Bltétrahydroxydlphenyl ether;

zoyl ) al kanes or

bi s S%H&P‘ suc a4
bi s%%%dgmﬁl r%gzﬁ)%dé???%s? met hgﬂg’?‘ as 224,
tetrahbdw&dlabenyl*sulip)dﬁﬁ t ri hydr oxyphenyl ) met hane,

bi s(2, 3, 4-tri hydroxybenzoyl ) benzene, and bis(2,4,6-
(k) tri rBid(rp@iWiydrmwphelnd)sxlﬁgees(f) A|S|49I11 ene as '2,2' 4.4

dr ox benzoat es) such as
tetfah%f"??@‘b’gﬁ\f?géwé% M (3, 5- di hydroxybenzoate) and et hyl ene
I hydr oxypenzoa
0 PR RRDReYE L SRS 4 3 it hRtoyppenyjmethane).
4.4 4'3trﬂ'by@r6)tf® 1:Y Bt—fdtlﬁlmetﬁylt'n&eﬁyhnéthmh@ny I4t,4313' d" tetrahydroxy-
phenyltetrol, 2,4J6,3 - quyélg n&gl -
3 53,{,5-3,et@rgqthyltnm’pny othans hexol 4%,1?3" 4 pen ahydrox 3.,5-
s phenyl hexol ; (h)2 3423 4 hexah droxy-5,5"-
tetran%t@ylégﬁ\ﬁq lé‘?%)b? sul fi des such as 4,4'"- '! obi s( y Y
dlacetykrinhaysdmﬂya)ﬂ@enzene, (i) B s(%@l‘kﬂ]ﬁjl“o&y‘ﬂ)h@ﬁ?hy@f’ﬁw
-tetra r oxydi ph el 5 Bl
dl&CG&“&IPB%ﬂX,Wﬁ} yphenyl )S %gjf oxi des 2%2 4 '%ehgx@ydroxy 55
dipropiehylaipheéngkyeathatigny| sul f oxi de;
(m) Polyhydroxy-spirobi-indanes such as 3,3,3',3'-tetramethyl-1,1 '-spirobi-indane-
5,6,5',6'-tetrol, 3,3,3'3f-tetramethyl-1,1'-spirobi-indane-5,6,7,6'6',7'-hexo|, and
3,3,3'3'-tetramethyl-1,1'-spirobi-indane-4,5,6,4',5',6'-hexol;

(n) Polyhydroxyphthalides such as 3,3-bis(3,4-dihydroxyphenyl)phthalide, 3,3-
bis(2,3,4-trihydroxyphenyl)phthalide, and 3'4',5',6'tetrahydroxyspiro(phthalide-
3,9'-xanthene);

(o) Polyhydroxy compounds described in JP No. 4-253058 such as, o a'-tris (4-
hydroxyphenyl)-1,3,5-triisopropylbenzene, a, o, a"-tris(3,5-dimethyl-4-
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(k) Bi s(pol yhydroxyphenyl)sul fones such as 2,2',4,4"-
t et rahydr oxydi phenyl sul fone; (1)
we@loyloydreoxyt ri phenyl met hanes such as PCT/IB2006/001933
tri s(4-hydroxyphenyl) et hane),
4,41, 4"-tri hydroxy-3,5,3,5
| -tetranet hyl tri phenyl net hane,
4,4, 3", 4" ~tetrahydroxy-

tt ]t | met h 4, 4", 2", .. .
hydrozgyplw_%y é;% r&@y?bgrgmé 1ag% a4', a'-tris  (3,5-diethyl-4-

hydrokﬂSHe@W?WB'H—frhéUWWltﬁ@ﬁz@ﬁ@e , a, a'tis (3,5-di-n-propyl-4-
"3\ 4" - hexahydr oxy- 5, 5' .
hydrozsy@r@éwi)ri 3i§3ﬂbﬁ9PWW§Hée"% 3, Q| | o¥a"tris(3,5-diisopropyl-4-

| ' -
hydrogﬁéﬁeiyﬁ?%?%f’rw SsYiten: ; OIelrr@ acgt y di ri preRyiIIsianaMityl-4

oXy- 5,
hydrogyprenyl )Joh 3| 3-triissipeogyipendenee; (g, a', a"-tris(3-methyl-4-

hydrogy@%g)%rp §y5efrﬁ%qpi$mlb@ﬂggﬁ§ Sz:chgb?SI Ldane a"-tris(3-methoxy-4-

hydroﬁylﬁ'neﬁ\yl)g‘l atﬂagrrsﬂpr%@llﬂebr&g&e- t ﬁt r almstd\‘yths(E 4-tlihydroxyphenyl)-
obj - i ndane-d q y- hexo
1,3,5 §"%gf§°BV IbepzeDRret hyl - i . r- spi robi - i nda% 4,6-4is(3,5dimethyl-4-

hydronpH@‘?Sl&hlorﬁéﬁw IE’MB%EWQ’G@XYQ habinyes- éﬂuﬁgdr@iyphenyl)ethyl] -4-
dr oxyphen pht hal i
[a, bl s( 2 9 h'SH“r snwb@t yienzgnede, and 1-[a-methyl-a-(4*

g
(3',5"-dimétoyl-4- mﬁﬁﬁﬂ&mWIbethyI]anZahet ri s1([d-methy| -0-(3'-methoxy-4'-

hydroﬁ&g g)%gngf@)[qé% ﬁyls-btjfr I SOW%M CSQISheﬁyI)eQInyI]benzene

and ,3,5-triisopr 0pV-LdlﬁfMWﬁ-@-(za4'-@hydt®xyph1etWI)ethyl] -4-[a,a'-bis(4'-
(3,5-diethyl-4- hydroxyphenyl)
hydrOXEPBe'i!WqﬂaiﬂB}eﬁﬁw%enzene a, al, a"-tris
(3,5-di- yl - 4- hydr oxy henl)
@tlgert rexarggﬁg,so@ﬂ m%g}pguu@neglamde photoactive compounds

includ%cgﬁ?éﬁs{aﬁoﬁ ﬂ’obﬁgtgré?w&vofak M@Wtﬂh@%b}lthbqumonedlamde

r1sopropy nz ene ,
sulforayl -dhloride3, Fheise rcondensatipn pmahctw(ﬂmyaayed_ capped novolaks)

may H9 d?sgfg;fghgerﬁ ?P § qt@wr%\%ﬁ qqtgéos%&/ %f tof h Q?ox?eé&ﬁﬁo&ds or

used &n ddhhlﬂﬁéhcﬂ’etﬁémvntﬁ Nuﬂemuﬁplbfmyﬂ’ateﬂlts describe such capped

novolgks,t |=J| él( b’%ﬁ%Sﬁ%%ﬁﬂﬁsﬂQﬁ? such example. Mixtures of various

nap hﬁwo%uﬁfdr(e'—dhﬁ?iaé%&ﬁﬂélﬁ MRay dlst. B tsdd (hebldadmibiy byd may

droxyphenyl t hi omet hyl ) mesi tyl ene,
be prpspat irethey Inoyel( nhotnmps@gpmmq;ﬁm;eahgﬁvplmup to 15 weight% of

total solids, preferably ranging from about 0.1 % to about 10% of total solids,
more preferably from about 0.30 to about 5% of total solids, and even more
preferably from about 0.35% to about 2.5% of total solids.

The photoresist of the present invention comprises the alkali insoluble
polymer, a photoacid generator, a photobleachable dye, and optionally a base
additive. In some cases bases or photoactive bases are added to the photoresist

to control the profiles of the imaged photoresist and prevent surface inhibition
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[a, a' -bis(4"-hydroxyphenyl)ethyl]benzene,

1-[a-nmethyl -a-(4'- hydroxyphenyl)ethyl]-3-[ a,
wW@2000i087146 - hydr oxy- phenyl ) et hyl ] benzene, 1-[ a- PET/IB2006@001933

(S'. '-dinethyl-~-hydroxyphenyl Jet hy benzene,

1-[a-nmet hyl -a- (3" -nmet hoxy-4 - hydroxyphenyl)ethyl]-4-]

a',a" -bis(3 -nethoxy-4'-hydroxyphenyl)ethyl]benzene,

and 1-[a-nethyl -a-(2', 4" -di hydroxyphenyl)ethyl]-4-]

- s (Als | ] o
oitecfy, 3o 83 T fone SRS VY slBed ASRIE b pb00 01 weights
to aboubBoweithtt¥a of sdids; qrdfenataly i upn topr odeaighteodf sdids| akd more
resins with a ht hoqui nqnedi azi de, sul f gnyl chl ori de.
preforaia 43 bl aredafie o 3Pfck,c REFutt 5O Siafae BAps e Bréfiea
specHie VéXadifsies BYwiieh W6 irhings esthohs AristtiyRAfiAg] Bietitttolamine,
__esters of polyhydroxy conmpounds or used in caonbi nation
anilinep egtBypbediaminer Bydding stetiaaliefanamepian j Indrexide @i B9 c3plts.
| algs, wveNO 25,31 &id - i
et re EoRecBiue" | et e RSO ISIIN A, yroice
dialkyglmadonivml hyekgxide s tiaieylsufediunT iy dtsxidss heibl e THg dasgymay be

r nt, i vel o [ it I
acaefi g s o OGS 7o SR e PHORERE) Hebraly, SRl Bun
the térme ;ba@b?rddi?/el i§/egxplqbdubthb®%etgharwsrah fe? kérdoval rafrazid are

refera rom about, 0.30 to abqut 5% of total .
possil.; 195 InsiRACR nUﬁ'ﬁﬂéeB?@gﬂPHBPQ“'P%ﬁ?%%%tVO@&%Pé (eg.
CFCO9  lor Znadfe SPhifi® trlidsS 9&g d5r), W‘ﬂcﬁ%?é@tﬁeﬂ r@inovBeacid by

resent invention conprises the alkali insoluble
volatfligatjere rout sofp g Jilimi dudrem drosi-exposurg hedlsh | wabhdepetiany ©f a

. . « C .

ruciEpRAERAZ Wi 1o SEREp K KardcBnBR TR of FaRTion 2] f6r Bliy
carbocationodith beonpidefio fersn bbutylbeorinideyed phot or esi st and

prevent surface inhibitioneffects, such as T-tops.

BeSeenma 2 stoveslthedstadctlires edf snmimoniuad detivatives wisicly might be

to aboyt 5 weight% of solids, preferably up to 1
emp\%f"‘éﬁ?&"’&?%ol ids, and nore preferably to 0.07 wei ght %

of solids. N trogen containing bases are preferred,

speci fic exanpl es of which are am nes, such as

triethyl am ne, }ri_et hanol am_ne, anili ne,

Al e Ql S GHARENONIWN,DASER Y| anmoni um

CHj n-Bu 0

0]
H~C [L* CH /U\ n-Bu——IlI+——n-Bu /U\
3 | 3 o CHg | o CH3
CHg n-Bu
CHg n-Bu
OH + -OH

}.|3(;___[\|’:__C|.|3 ) n-Bu—N—-—n-Bu

CHg n-Bu

The use of non volatile amine additives is also possible. Preferred amines
would be ones having a sterically hindered structure so as to hinder nucleophilic
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Exanpl es of photosensitive bases are di phenyliodoni um
hydr oxi de, di al kyl i odoni um hydr oxi de,

wao eooatobmbeul f oni um hydr oxi de, etc. The base nMeERCDEB2006/001933
added at levels up to 100 nole %relative to the
phot oaci d generator. Although, the term base additive
is enpl oyed, other nechanisns for renoval of acid are
possi bl e, for instance by using tetraal kyl ammoni um

reactidtyt ﬁ/hl(?é Mﬁlrﬁélhinﬁmﬁﬁélglﬁl (1% v@Fa%ﬁFP a}ldoéolﬂlb'iﬁfgeﬁpl‘ﬂ*lé irBsist

aci d respectlve renove
formwlation,i sy @soa Rratonospange, f 1 Brﬁllmbl%gzlcpiééio chp@BQnQe 1,8-

oS5, 40 GROLE LA WGLFAREL HoOLALY blhilly Hhines

suchtagrdesoribgd it IS®L24,266. Wi th brom de to form
t-butyl brom de). Schene 2 shows the structures of

amm]phmod&’e;tvm iheegresbnicimventidn nivey eﬁpﬂaw ethercopgstents
Sche es of suitable anmo m bases, The

such 35 SIS SUTAIaRI, AUeS RIPSIVRrS] B PP secandary polymers.
Surfa%’teﬁ{@rél@ t?ﬁ’b @n@@/ﬁéﬂﬁﬁe@a\ébﬁ&lrﬂn§tﬁjdrﬁ@ lo¥ silicon

hi ndered s ucture SO as t o "hi nder
comgauidsophich caBaassisti iny foumning @eechtunifermgpheteresisty coatings.

Certffl tﬁbéé | drYaad i) HO!ddetid Brdvie TdbibiittichbMh@hhRd light.
suchas a ot on “sponge, -
Plasﬂmﬁerdimyabba;setio[edp@mﬂ!ly {6r thoclefilens, t@,a8sist in row properties of

the tif5ch 8% e polyAininG SURE F ey Exh Pl o hsliRizerS e

adlpéieg 7 4cB8€aied h@wdD heticdlaisS tSlﬂfadté}ﬁs péﬁ@/@ﬂtplaﬁm&sk Qflay be
contai n_other co onents such as ad

addeg R dapCantrations Gnos Ham & fe ABoULAD widkire By doatiueight of
solidB &h YHe Eﬁot |§1366rﬁﬁ6§t|@}{ édb?iﬂﬁ@) h%lgu R Wﬁ% RALYARS the

contal uori ne or S I con can .
compgsifian of rthe qrreseny iguertiami dspesialiii arrefardd are oavolalysresins,

wic L0 pL RS oo KB REafon 2ok, UL Sy an rimety-
substitutel- phepelel mlyuydro;\tyttdmmhe§ inaphthdls, gaghyirotymaphthiols and
otno -ty Sasl: 554 Hoes S attilaehyde or
benzﬁﬂjeﬂ?@'ﬁés SeRhaant SfﬂyrﬁBF‘s MRy adi@sd ablévbRClanging Aot/ aMout

pl astici zers Iy
0% to about 70% of total solids, preferably from about 5% to about 60% of total

solids preferably from about 10% to about 40% of total solids.

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 monomethyi
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,
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added at concentrations ranging fromO0.1 to about 10
wei ght % by total weight of solids in the photoresist
W@ oposilré on. Secondary pol ynmers nay be added PpoT/1B2606/001933

conposition of the present invention, especially
preferred are novol ak resins, which can be prepared
from pol yneri zati on of phenol, cresols, di- and
trimethysubstituted- phenols, polyhydroxybenzenes,

. S 0 na d. ot :

B T AR S R Tl L R

diethaloaylated ahyld@ethylrbdnnaﬂed @Ilqatboxme nefaglycqls | suchr as ityylene

oo FiETE Bl pivIeLalir ot AR hdrety Babiiatcsuen
as mefhyl lzicﬁteseﬂhlydlacmt@féthﬂgjlybdclét@ﬁhﬁ@ @Myl-@%@(}ﬂﬁ%ton%@@@a

of total solids uci ng the photoresi st

ketone,GIEE sHiFhy AS mﬁ@vlﬂrv@tem rﬂY;‘,U\(ﬁ*e,t%aﬂfﬁéYQﬂrE@%'ﬁ acid
esteraétﬁ’cr{“aéeﬁeYHW hg. ﬁ,e%)egs iGHat8] é;rw es@eﬂ’.fﬁxf&logmhﬁe L&Al 2-

di ssolve the solid ents 0] S| st
hydrayr-2-msthylpopienate, fasr mﬁibyleﬂ@sv@rtoplqr@yeu ac lkethne fderivative

such% I osrglll \(/e%ﬂ k\éfcﬁ{eﬁ %tcg Sﬁrohéak}sé@%&ffgﬁe 3l &%&Y]exanone or

2-heptanomgtahkétoablmher dhrwhhyé saeh ghﬁladetmahehdﬂyhe&@hemer a

I et her ro | ene- col
etorl RleBoF diAVS eB Srroyey taeetons: Spghdc Bfrbsiich as
butyrdla@:td‘r\é enang! ¥fide d'd@?ﬁvﬁﬁ\be etdigh @sdl Méth?h@@fanﬁaéer or

derivative such as ethyl cellosolve acetate, nethyl

dimetryiforaamide, apisolg, @ndgpixpirepihesael.gl ycol nononet hyi
et her acetate; carboxylates such as et hyl
addeaipsepansd: photgeesisit eompasiting| selutient ean cbe bapplied: & a

subsg%tg?h%bé’n‘gy{ Q:oﬂ%rqﬁoéﬂ“m%tﬂﬁddh Sdh ! éltn Skt art,_including

onat €; di car es of PSe8lc
dippiegmprayieggwyuﬁhxhg dndispmgtoatlagd Wherpypmrtmaghg,cfok example, the

tate; and dro car ates su a hyl .
remsfj 3@{1 I‘écalg{)ﬁ)ﬂd]lll %q g/{ re%qem?ltg &%nggpégeéﬁ&nﬁtis (Y,ontent in
ordetetm)ﬂrc\ﬁdéycdfamqg off tl aBgite tifickidsRNQYivsH Be S oRSpinning

ruvate or ethyl Pér uvat e; an al koxycarboxylic

equ'Po{E%ty e%'f) §u‘éﬁhgsarnew¥yp Mee eHA¥GP e itlm spiNing pyecess.
SU|ta%I@t§lﬂi§fl&rté§3'98@H§ WhhUt Jimitation S|\|cotrhocopper aluminum,

hydr oxy- 2- met hyl propi onate, or nethy Xypropi onat e
polyraetie tresies deilicemdiodde unitals, deped Isilisohydioxidepsticon nitride,

tantaﬂﬁﬁ,t %Iyg\ﬁ&;rﬁ Q:%rarmég,l Qlﬁﬁﬁﬁlﬂﬂf&%pe? Hi)l(tﬂpees);( %Q\mﬂﬁ'u 8fsenide and

other such Group IlI/V compounds.

The photoresist coatings produced by the described procedure are
particularly suitable for application to copper coated wafers, such as are utilized
in the production of microprocessors and other miniaturized integrated circuit
components. A silicon/silicon dioxide wafer can also be used. The substrate
may also comprise various polymeric resins, especially antireflective coatings.
The subsirate may have an adhesion promoted layer of a suitable composition,
such as one containing hexa-alkyl disilazane.
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2- hept anone; a ketone ether derivative such as

di acetone al cohol nethyl ether; a ketone al coho
waolesorwetiie/e such as acetol or di acetone al cohoPCT/IB2006/001933

| act ones such as butyrol actone; an am de derivative

such as di net hyl acet am de or di et hyl f or mam de,

ani sol e, and m xtures thereof. The prepared

phot or esi st conposition solution, can be applied to a

SuipRd PﬁBﬁrQMs@E@/mPBQ?{&?QORH%}\ ZefnRRY &S dnifo ttﬁﬁ.supstrate,
photofesi st art, T ncluding dipping, Spraying, Irirng
and thedsubsirateisdtdaied atha demppratuieoimdmrahout 30°@ xaapbuet, 1505€ for

resi sol ution can dj,usted with respect. to the
from gBBLE o 3868y T ARGl EuflisS o Wot dele BEREria aboct 15 to
about 98t inuted it Aeonesttiordovdn. CTARSEMEEratRe tleatrhymes Yelected
i nni ng equi pnent utilized and the anmpunt of tine

in orgder| iovedues the E@“%tfﬁ'ﬁf)ﬂ @ peeieealssolvgnis ibthe Bhgisrasistewhile
o IS AU MR thre Bt Bl Pt i oppounc
In ganepald opiel desiiesdicominimizesthe eorcantratipaef solvands amd this first

o . . [ )
oA, eSS en 6L AP LA B SRS o b Y Shyspin pave
evapotateg haricbree soating: o tphogsrepisb dongubsition; lun des orddedf 2-200
mio Q5o g DN 65S aieisd o Beeilral” My e oativos
may PefBiel icoacHiévethidlOMAC emSH Pﬁef@ﬁ@d Arhsddiment Mellehfifature
integrated circuit components. A silicon/silicon

is frog aReWIOME rabosh 13560 e lereperatie ansbiéme selectiay depeods
on WEAFRALABIA B A0 BRI b 0Bt s PR B Koot uses
and gdimseroiallprdasireddcdadingr timbsa $heé teuating caulgstraid ican, then be
s.one _containin exa-al kyl. di sil azane. The
expoSHd T ML L M 00 eSO [iindor 1asr STkt of from
about BeOTIh g hardraeteds)dotdbdus YBE trindl e rays diddtingisbath, idn beam or
tenperature from about 700C to about 1500C for, from
laser; fdigtiofy e BN (eS8 aBRfiRMe REpdgask bynuse it syitable: raasks,

negatifés fdi@mpiRbRIMpldest &c?@éﬂerﬁ%"fhi@k StdrBsidt %Va?r%té)@ﬁsed
_oven. This'tenperature treatnent 1s selected in order
using preadnang tastationn dsing eauipmaestts sech camUlisateolenKarli Slss or

Perkin"BInMYOH¥a8Bhid exBB5UE 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 to remove the
image-wise exposed areas by immersion in a developing solution or developed

by spray development process. The solution is preferably agitated, for example,
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not causi ng substantial thermal degradation of the
phot oabsor bi ng conpounds. I n general, one desires to
wOorRev7/07es t he concentration of solvents and t hPGI/iB206#/001933
tenperature treatnent is conducted until substantially
all of the solvents have evaporated and a coating of
phot oresi st conposition, on the order of 2-200 m crons
(mcrometer) in thickness, renmains on the substrate.
I e hj fi. .
by WbP SO, TS RRENL AE"u T Tl e
devekmﬂntur%(allt or sbbstantayoall, dihihet phmelmisﬂ radating Haisndissolved

fromfic BRbySH ARRS" TaayBlorelS Rilfdeatientis.SHs: et Sramaniymy or
alkalc onaxel myafdmeﬁes@mi prefirigtl hydrdde 181 2e®ARBIHYY ammonium
hvd gStéﬁ]te can then be exposed to actinic radiation,

y r%x' & PERieHPd Daggs AR ﬁeﬂ'urrapr polagsismehydraxide. fdshiives,

such@& R0 irfa?@4ht8 b %@%‘e@r@)thé BeQQIQHEr ?ﬂernt'&ndﬂllaf 8y the coated

el ectron beam i on beam or | aser

wafee frerad theatdeyveleping soligion, bgnelsmagf cemuucabaa Uptﬁdrml post-
Y l,at. rally,

deve ot or e@‘?astt ﬁ%&ﬂfrésnlt ar ebgﬁ%gée@&?ﬁﬁ thﬁrB % hanbdioR ‘and

densnyxobfatheophotammg eqhiepimeaged subbiraie Ky HePChe dtitbd with

or r r oadband exposure tool s,
metal oG, TS S8 P 196G BHEISe RS ool SOWsk i dhe. art or
procdd¥edflaher &54H&dirdgs then optionally subjected to a post
exposure second baking or heat treatnent either before
orEatht of tHEVRIRRTEMY refBiad &t t
range from about 9Q0 (Eeto abgﬁatéﬂwe %@ﬁ{oﬂ%@g? eraB‘?m by
fefer@‘rr'%irhﬂé wrntisgtgclar allapeiposesoothe W@Wﬁegitsmgflquabmles will
n f: ug. 30 d
prow@@ @é‘fél%@l m)lfrﬂfestlfa'iﬁﬁge raﬁl{pef rnd‘%ﬁ'a S'of 6%@(84@}%3@% utilizing
commulnsz ofnthetpmsemt inveotiop] atfhese akmnpleQOate) rdpOiterdfed,

Th
noweef oriuf br FRNT She Shalk Bhing MeBldTE Fernpuaviand shasid ot
be cbhetrméﬂi%“ N‘(ﬁ@dlﬂgmlcﬂl{se%ﬁrbbhetémeérs'vﬁfﬂxebnwﬁlch must be
sol ution or developed by spray devel opnent

Ut""—%‘f 8%5%9, Ve R Okl i@ practics the presembinyention.at ed, for
exanpl e, by nitrogen burst agitation. The substrat es

are allowed to remain in the
EXAMPLES

Examples 1-13

The photoresist samples 1-13 were formulated as shown in Table 1. The
photoresist samples were then microfiltered through a fine pore size filter
selected from 0.2um to 10um, depending on the photoresist viscosity.

The photoresist samples were then evaluated for their lithographic properties.
Each sample was spin coated separately on a silicon wafer and on a copper
substrate at an appropriate spin speed. The coated substrates were soft baked at
110°C for at least 120 minutes for 10 microns (um) thick films. Thicker films (40—
50 um) required multiple bakes at 110 °C for up to 7 minutes. The exposure tools
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devel oper until all, or substantially all, of the
phot oresi st coating has dissolved fromthe exposed
wae@aso71iBevel opers i ncl ude agueous sol uti ons OPCT/IB2006/001933
ammoni um or al kali netal hydroxi des. One preferred
hydroxi de is tetranethyl ammoni um hydroxide. O her
preferred bases are sodi um or potassi um hydroxi de.
Addi tives, such as surfactants, nay be added to the

used glgg :P%ﬁ IE § th%Itsﬁ%ppgg 1By 6 ) Erc}l"!j@n‘f 8@ da?f@fcﬁr%reg{e‘? mah90

one may c an o
microp ogpineiefiieds) [preximitye Bussr idt-2e taligneh ake s:;bstmtesalse’et pest

coat i n d d.d t hot LT
exposita Rekod el TECcionp MBSeRe. ThecubttardR i icrop (0
photo'r@é{&fmnpfmerefaébéob@d ffer Bobﬁmsesaﬁsmg puﬂdle &e@mnpmnt th
or processed further as desired, Eac t

AZ BQIQMLﬁr@bvglop@f éavaiableofrafb e Ei@trpﬁt%wb&%&'%&%rQ?(PfHSByat
23°C.; r ehRLelfiftrafbs %ﬁh% H|8{)?ﬁe%1fn@n ?I%tbré%il{t fﬂﬁe\ﬁere-raéveloped 4

ol 'ow ng speciftic exa provi e det ai |
tlmeSI using t puaddieo mievetbptriest rmtmdbzi@osomlﬁddeveigoqhéavallable from

ilizin tion .0 b
Az® Elaciohico el oomeRiise bSA Sibey 1 ob Mfiest 2587 e
photor&sist | bﬂlb@ew&E@F@(emﬁlnébeW|tl’nve;ﬁhnmngI BI&monV\mcmsdope to
shoul d not be constru %lﬂ I OVi dIP condi,t P
evalugle dhet Phetasesisly SiRRWah IRl t 'e58 l{%f’r‘l iaggdcearlhg of the
subsifate! usively in order to practice the present
i nvention. EXAWMPLES Exanpl es 1-13 The photoresi st

The ,gﬁag é%ﬁmwpa{ o formul ated as shown in Table 1. The
ores sanples were then mcrofiltered through a

The %éerﬂ)?mg%g of Wee%lfidtbh |st§ﬁé§66l’ﬁ€aferd)f6} fbrﬁm‘éﬂd?\swﬁﬁmmg no

ng on t ot oresi st I Scosity.
dye, ﬂy@bo beschableaiye. é‘svvmzbjpestdfewbstratasauer@ lﬂSﬁd tsiligion (Si) and

coppetifandf e f% BEesSRs waE SaRiResh 10 gRL dosk o

In all gﬁ%?tu: glﬁtg%r%\t;\% Pgsqil%%om kigla)nasfpé Bleagﬁggl'e dmetoctﬂgtp%%toresist
gave improved performances, in terms of profile with steep sidewalls and good
resolution, as observed in examples (7 — 13). The comparative examples (1 and
5) showed poor resolution and curved or sloping sidewalls for the photoresist
pattern. Example 6 showed that the photoresist did not have the optimum
concentration of the bleachable dye for a 40 micron (um) thick film. Examples 2
and 3 did not give both good resolution and vertical profiles.

When the substrate was silicon, the bleachable dye provided good performances
in all cases (examples 6-13).

The bleachable dye had the greater beneficial impact on the copper substrate
than the silicon substrate.
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1100C for

at

| east 120 m nutes for
thick filnms. Thicker filnms (40- 50 nm
worpioviowiies bakes at 110 OC for
exposure tool sused were ASML i-1line stepper for

10 microns (nmMm
required
up to 7 m nutes.PdiEB2006/001933

10

mcron (mm filnms and for greater than 10 m cron (nmm

films, proximty, Suss MA-200 aligner.
wer e post exposure baked at 1100C for 30 m nutes.

The substrates
The

substrates with 10 mcron (nm photoresist filmwere

devel oped for 60 m nutes usin

AZ 300M F deValepEprmpuafion aag

R puddl e devel opnent with
eulty om AZ El ectronic

Materials USA Corps.) at 23C. The substrates with 40
m cron (m) photoresist filmwere devel oped 4 tines

Ex. Polymers U AT I eyeUe V@D MEMInal Vi T N sdddisl ) PAE0M [Frimi €\ @Er@BET Performance on Cu
GlJ Novolal i i Thickn- | on Si wafers
‘(ﬂ \)\/al I fa.b! e frgrﬁr 952?3(9) NEP?CWW%O%XM%SH al [s[fs o e
1 [i6.48 70609 BEET VILLTE, . USA LOT PS). gis2d G rze&w_ mM-Nutl Py sal 1%&330(4.an§ € | Poor resolution,
phot orlesi stf profiles mere |exam ned W th scahni|rgfiles | concaved profiles
. 40um. and loss of small
el ectrlon microsgpope to evgl uate the photaresi gt lines: 10um and
stdewal | prhofilpks rncor})lsélti on and cleari _%h_g I l;elow |
2 [3516 5.792 N.p5 — 958 | ~—— . 30 . e 0,0 L Vert tion,
S8t rlate. | PAE [ Esul t|"dt ¢ "gi ven i n TA01 & 10 Thte | e rosist
perforimance of the phibtordsi st was comarled fdr betweenlilnes _
K X X I NUPL S e 3042 . - 9.7 4 d ti
3 [laer 5924 BPARI i ond*€bptai ni i ng *ile, “dye pi*'bl|€AChBERS dy Eia resital
Two _typpes of supstrates wgre used, silican (Sil) and ] overthe wafer
+ Jeart Tosp 8fBer [ Cu) “nptwo T m|tPT ckriesseswer €8k anfliE d,| focne oot and
10mm and 40mm |n all]the |Qu substrate cases, |the |residwe
5 p4s6s - afidfi‘t i o ofl -a b| eachapkil. dy&* o *tHe pfdt or Bl gt >fAlve oo oton:
i pproved parforfances|ein fterns of profilje w tjh St egp.7aspsctratio
6 pP5332 - spadenalde drd gpowsFebolouit|i2os: AaS40b$ 5y ejdtoom |&ximapl %%)rresoluﬁom
(Y - 1B). The cprparative |exanples (L and| 5) §R8WR | 2omm et rato
7 [14919 6393 @AE19 I ped JT--on| anet”c loaed 224 SIs6pF N{j+amesdieaaal [|/edic@r | Good resolution:
. i i 10
the phptorgsist|pattefn. Exanple 6 showed| that| "I | {00 o
§ [68873 —PpOIOT Pebs T -di O] Disba”N av@aol 226601 4.0mM4 | GBEC Ain g{Vier@Bl () 1Good resolution:
the bl pachgbl e ¢lye fof a 40 micron (ym) thick [Pt | o o o
9 [i6.1128 6008 pANPT BBs0a2 U o thbel [TOL- aDOb $36 JQ @4 T EBOI (Tske@  d13@ep profiies with
verticpl prjofiles. Wen the substrate¢ was| | i|¢ofs K d resalution:
blleachpbl e [dye provi ded good performances|in gl | cag@spectrato >3
(examl es 4d-13) 4um in 10um films
10 19.043 - T pA692 T p.o318 | —— 7 101227 [ o0.2881 | 24276  6.069 39.31 | 10oum | Steep Steep profiles with
profiles good resolution: (3
um)
Aspect rafio >3
11 [9.0508 --— P.1693 D.0117 - 0.1228™ | 02883 | 24286  6.0714 | 39.286 | 10um | Steep Concaved profiles
profites with resolution:
(4.2um)
12 [19.0465  ~--- 0.16917 P.02176 - 01227 | 0.2883 | 24.281 6.0703 39.297 | 10um Steep Steep profiles with
profiles good resolution:
(3.2um)
13 113521 5.795 pP.1648 P.1407 e 0.0724% 0.3477 | 23.92 5.98 40.2 10um Steep Steep profiles with
profiles good resolution:
0.1849% {2.2um)

Polymer: GIJ polymer is a ter-polymer of hydroxystyrene, styrene and tertiary- butylacrylate (available from
Dupont Electronic Technologies, Ingleside, Texas.)
PAGs: (1) N-hydroxynaphthalimide triflate , (2) 2-{2’-(5’-methylfuryl) ethylidene}-4,6-bis (trichloromethyl)-S-

triazine

Dye: 2,2’ 4.4’ -tetrahydroxybenzophenone

Bleachable

dye:

(1) Di-ester of 2,3 4-trihydroxybenzophenone and a mixture of 2,1,4 and 2,1,5 — diazonaphthoquinonesulfonylchloride
(2) 80% ester of tetrahydroxybenzophenone with 2,1,5 — diazonaphthoquinonesulfonylchloride
Up to 1w% surfactant, APS-437 (available from D.H.Liiter Co., 565, Taxter Rd., Elmsford, New York) was added to the

solution.
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The bl eachabl e dye had the greater beneficial inpact
on the copper substrate than the silicon

w@ewsoare. Tabl e 1 Forrnul ati on and Resul ts Pol parBiB2068/0)1933

polymer is a ter-polynmer of hydroxystyrene, styrene
and tertiary- butylacrylate (avail able from Dupopt
El ectroni c Technol ogi es, Ingleside, Texas.) PAGs: (1)
N- hydr oxynapht halim de triflate , (2)

Clai 2-{2'-(5 -methylfuryl) ethylidene}-4,6-bis

2IMS4 i chl or omet hyl ) - Stri azi ne Dye:
2,2',4,4" -tetrahydroxybenzophenone Bl cachabl e dye: (1)

1. EA_&S(}I&(@S%L 33@%1)@%1%{1' cryn%r?s)ir\{gb %”661%%? (\)th?cﬁ[l]sdin%omb)l(et M &n

aquedliPARARBBIAINBH BlARRTBhTaNdIRE gfriifeigb ti8Vel8pifens tephatbacid

t et rahydr oxybenzophenone with 2,1, 5 -
generatorAuniah prodiges o S9N st Lpan dradiatiaapd g phstobleachable

dye W] BELRBlind S A S AR & LMt b el
solution.daims 1. A photoresist conposition

R R G ) R L

photoBRidehapeeaye HaspAosiamal broener ats oipidiolleachingsthan the

strong acid upon irradiation and a phot obl eachabl e dye
photoggidcgenesai®hsor bi ng at the sane radiation as the

phot oaci d generator. 2. The photoresi st conposition
according to claim1, where the photobl eachabl e dye
3. h3bephoiaresial campositien acaersing top¢laim | @ hhrrettha polyeer

. hot oaci tor. Or eS] [ Lion
s an BBAA HHPSOB0R i RGBS Aol BOEPORLb L
aqueous al kali sol uble polyner protected with an acid
| abi | roup, 4. Th hot or gsi st conposi.tion oy di
t SharRholaresist caingpaiion ae5oring frply ORE o 1T 10 3, wheke
the poRidr &fpides! AArRhsOBRe Wit délRicdvREm! meRbATRR® Bldtted from
sel ected from hydroxy styrene, acrylate capped with an

hydraxyi siyreagi aervigie apppetwithcan acid dabilggredpwmethagsylgte capped

with +<§§ :l%bgleg;rgﬁ;g,:h@ghpét réﬂé’ééigj%dc\ﬁﬂpﬁﬁ atdid A8 Q?;gﬂtjéj styrene,

yrene, acetdxystyrene, netho yr ene,
acetoxysiyréne, methoxysgrené, and mixtures thereof.

5. The photoresist composition according to any one of claims 1 to 4, where
the photoacid generator produces a sulfonic acid upon exposure.

6. The photoresist composition according to any one of claims 1 to 5, where
the photoacid generator is selected from a sulfonium salt, oxime sulfonate,

trichloromethyltriazine, imide and mixtures thereof.

7. The photoresist composition according to any one of claims 1 to 6, where
the photobleachable dye is a naphthoquinone diazide.
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5. The photoresi st conposition according to any one of
clains 1 to 4, where the photoacid generator produces
wa@2@alobamé c aci d upon exposure. 6. The phot or eBCH1B2006/001933
conposition according to any one of clains 1 to 5,
where the photoacid generator is selected froma

sul fonium salt, oxinme sulfonate,
trichloronmethyltriazine, imde and m xtures thereof.

s osition according to _any one of
8 cnglgrrsp @?’Ieg[f? V\C%il?posg é‘ pﬂ%‘f%ﬂ'lngactﬁabﬂg"ﬁyg i gwhere  the
photabégsichhblgudyeds &, tisaander B, 1,4 haphliRiiRsicSdiagiABPosi ti on
according to claim7, wher e t he phot obl eachabl e dye is

2,1,5, and/or 2,1 ,4, naphthoquinone diazide . 9. The
9. pflfﬁé @h@%ré&nsﬁ@&ﬁﬁébﬁubﬁ Rc8Gieift, ﬁdifoz%;{]c‘?n@w cliifis qftocé Witste

8, where the conpositio rtther conprises
the C%Q‘Eﬁ'%% fustten comprisena newotadrresinst conposi tion
according to any one of clainms 1 to 9, where the
conposition further conprises a base. 11. The
10.  phoe @hemr3$lst:mrppe$|tlom aceardimgdionghyt en& By clits 9ftod, diHEre

e _conposition further conprises a
the C&Vﬁ&'tgbq“ %gr Cﬁ'ﬁ'p”ﬁe?)g%@égs for imaging a photoresi st
conprising the steps of: a) formng on a substrate a

1. ﬂat | Hg of .the photoresist conposition according to
a toggsigt %maoqﬂqrba@prdlng 10 Ay ongi of elaimsdsionty), where

thecd?ﬁﬁ&é&kﬁﬁu‘% tion; c) postexposure
baki ng the Sﬁoto Qg?éé\%tp%éﬁﬁr?g d) devel oping the

phot oresi st coating wth an aqueous al kal i ne devel oper

Th f
2. R eSO o A B Ror B e §Ra S T | m
tfh)l ddmEng om eat ﬁlbsltlla@él a? dﬂaﬁlhgnﬁf (the) pﬁ&@ré&‘?&sc&hgasntlon
process according to cl

12 8?’0‘?{9'“%\2{”2’ BY ORe %ﬁ@!’ﬁ? é§P§t1 coating is exposed in
ab)dimagleawist @kposing the photoresist coating with radiation;

c) postexposure baking the photoresist coating;
d) developing the photoresist coating with an aqueous alkaline developer
to form photoresist structures.

13. The process of claim 12, where the photoresist coating has a film
thickness greater than 2 microns (um) and less than 200 microns (1m).

14.  The process according to claim 12 or 13, where the photoresist coating is
exposed in a single step.

15.  The process according to any one of claims 12 to 14, where the
photoresist is imaged with radiation from 300nm to 450nm.

16. The process according to any one of claims 12 to 15, where the
photoresist structures have an aspect ratio of greater than 3.
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15. The process according to any one of clains 12 to
14, where the photoresist is inmaged with radiation
wo e@m080%m t o 450nm 16. The process accor di nBCT/iB2a6m/001933

one of clainms 12 to 15, where the photoresist
structures have an aspect ratio of greater than 3.17.
The process according to any one of clains 12 to 16,
where the photoresist structures have an al nost
vertical sidewal k 18. The process according to any one
of claims 12 to 17, where the substrate is copper or

17. deITHeV?@ocfds@maCmeg td 9any heheprafcelapnactaridi g, twhamsy the
one, of clains 12 to 18, ere the devel oper is an

photgygsishstsuciuregthaysr &t almast Yadical $idawathi um hydr oxi de. 20.
The use of a conposition according to any one of

claims 1 to 11 as a photoresist.
18. The process according to any one of claims 12 to 17, where the substrate

is copper or derived from copper.

19.  The process according to any one of claims 12 to 18, where the developer

is an aqueous solution of tetramethylammonium hydroxide.

20. The use of a composition according fo any one of claims 1 to 11 as a
photoresist.
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