THI CK FI LM RESI STS FI ELD OF | NVENTI ON 5The present invention relates to a

| i ght-sensitive photoresist conposition especially useful for inmaging thick
films. In sonme instances, the photoresist filmhas a thickness greater than
2 gm(mcrons). The invention further provides for a process for coating
and imaging the light-sensitive conposition of this invention. 10
BACKGROUND OF THE | NVENTI ON Phot or esi st conpositions are used in

m crol i thography processes for nmaking mniaturized el ectronic conponents
such as in the fabrication of TUHPFEM EWSISTANd integrated circuits.
Generally, in these processes, a coating 15 of filmof a photoresist
conposition is first applied to a substrate material, such as silicon
waf er s usggef proFmPgTIORegrated circuits. The coated substrate is then
baked to evaporate any solvent in the photoresist conposition and to fix
the coating onto the substrate. The baked coated surface of the substrate
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ei ther the radiation-exposed or the unexposed areas of the coated surface
of the substrate. There are two types of photoresist conpositions,

negat i }pe- VRAKKBBOUND R9S rHEVRWMINTKHORD. Wien negati ve- wor ki ng phot or esi st
conpositions are exposed 30 image-wi se to radi ation, the areas of the

resi st conposition exposed to the radiation beconme |ess soluble to a
devel oper sol mﬂh%ﬂ)réﬁsg 'coﬂlp%rsﬁi%ﬁé ! ér@khg&j in microlithography processes for
making miniaturized electronic components such as in the fabrication of
computer chips and integrated circuits. Generally, in these processes, a coating
15  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.

20

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
295 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.

There are two types of photoresist compositions, negative-working and
positive-working. When negative-working photoresist compositions are exposed
30 image-wise to radiation, the areas of the resist composition exposed to the

radiation become less soluble to a developer solution (e.g. a cross-linking



reaction occurs) while the unexposed areas of the photoresist coating
remain relatively soluble in such a solution. Thus, treatnment of an exposed
negati ve-working resist with a devel oper causes renoval of the non-exposed
areas of the photoresist coating and the creation of a negative inmage in
the coating. Thereby 5 uncovering a desired portion of the underlying
substrate surface on which the photoresi st conposition was deposited.

On the other hand, when positive-working photoresist conmpositions are
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advanced i nterconnect technol ogies. The resist |layers are very thick
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| ayers. Both feature size I'st thi ckness 5 are typically in the range
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filnms2opo debting wakeearvedfihg delelopmemtcTtienareas 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

25 step, to increase its adhesion to the underlying substrate.

In the manufacture of patterned structures, such as wafer level packaging,
electrochemical deposition of electrical interconnects has been used as the
density of the interconnects increases. For example, see Solomon,

30 Electrochemically Deposited Solder Bumps for Wafer-Level Packaging,

Packaging/Assembly, Solid State Technology. Gold bumps, copper posts and



10 SUMNMARY OF THE | NVENTI ON A phot oresi st conposition is provided
conprising a resin binder selected fromthe group consisting of 15 (1) a
reaction product forned in the absence of a catal yst between (i) a pol yner
conpri sing substituted or unsubstituted hydroxystyrene and acryl ate,

met hacrylate or a mxture of acrylate and nethacrylate, the acrylate and/or
nmet hacryl ate being protected by an acid labile group that requires a high
activation energy for deblocking, and (ii) a conpound selected froma vinyl
ether 20 afppenwires tdrsiedistritedionrin suabestlevealpadkaging reguilecy césist moIZi)that
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met hacrvyl ure te an met hacrylTate, the acrylate and/ or
met hacr yl ahiekbessig I|pecﬂ|m)ﬂ1adeluybalpauennedllrama ehajoasistt hat requires a high
activation energy for deblocking, and (iii) a conpound selected froma
vinyl ether 30and an unsubstituted or substituted heteroalicyclic; (4) a
gixt ure ?f)(i) vaic?@ﬁﬁwhﬁ?faﬂftﬁddl%r sy ﬁ@%lbﬂ@g@@&oa{mﬂaneagfnﬁmhmsalyst
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phenol i ¢ gseuyssy thigkaP %?re&'%l%%%@ﬂl@ééwmp WP%W“@N‘?& and an
unsubsfq tuted or substituted heteroalicyclic and (ii) a polyner conprising
5 substituted or unsubstituted hydroxystyrene and acryl ate, nethacrylate or
a ni xture SYMMARY QFeTHRINVEIWHON| ate, the acrylate and/or nethacrylate
bei ng protected by an acid | abile group that requires a high activation
energy for deblocking; and (5) a mxture of (i) a reaction product forned
in the absence Apphatoestistl ghpdditidreisvprevidéad comprising akegiolbimiar, selégted

pol yhydr ox co ound having 2.to 7 phenolic groups, and (c) a conpound

sel ected fFYmt QTWICOQFWQﬁgé’ﬁd an unsubstituted or substituted
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polymer, (i) a polyhydroxy compound having 2 to 7 phenolic groups, and (iii) a
compound selected from a vinyl ether and an unsubstituted or substituted
heteroalicyclic;

25 (3) a reaction product formed in the absence of a catalyst between (i) a novolak
polymer, (i} a polymer comprising substituted or unsubstituted hydroxystyrene
and acrylate, methacrylate or a mixture of acrylate and methacrylate, the acrylate
and/or methacrylate being protected by an acid labile group that requires a high
activation energy for deblocking, and (jii) a compound selected from a vinyl ether

30 and an unsubstituted or substituted heteroalicyclic;



A photoresi st conposition is provided conprising a resin binder selected
fromthe group consisting of (1) a reaction product fornmed in the absence
of a catalyst between (i) a polyner 30 conprising substituted or
unsubstituted hydroxystyrene and acrylate, nethacrylate or a m xture of
acrylate and nethacrylate, the acrylate and/or nethacryl ate being
protected by an acid labile group that requires a a high activation energy
for deblocking, and (ii) a conpound selected froma vinyl ether and an
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requires a high activation energy for deblocking, and (iii) a novolak is
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phot oaci d generTaieophatsresist | coapasitivasean Alscoeersdinsa phoieacid lgeoerajor Ber eon a

coating la of the phaotoresist c it j rmng a
phot or esi ﬁ,’&[ 8Fi 2098Fngd' &2 @ﬁﬁ%ﬁ@?:ﬁé\}ﬁiéﬁ%ghB%o@gﬂﬁépg e'{:gfm;égi tion
her ei mpas pmltdreast tbpusigonfhetdie, a method for forming a photoresist relief image

on a substrate using the photoresist composition herein, as well as the use of

the photoresist composition herein for forming a relief image on a substrate are

also disclosed.
25 DETAILED DESCRIPTION OF THE INVENTION

A photoresist composition is provided comprising a resin binder selected
from the group consisting of
(1) a reaction product formed in the absence of a catalyst between (i) a polymer
30 comprising substituted or unsubstituted hydroxystyrene and acrylate,

methacrylate or a mixture of acrylate and methacrylate, the acrylate and/or



5 photoresi st conposition herein for formng a photoresist relief inage on
a substrate are al so discl osed. The thickness of a coating film
formed by the photoresist conposition can be greater than 2 pm (m crons)

wi th photoresist films as thick as 200 gm 10 (m crons) being i maged. The
photoresist is useful for inmaging photoresist filns on several types of
substrates, for exanple, copper substrates requiring an aspect ratio of
greater than 3 (aspect ratio is the ratio of height to width of the
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15 between (a) a novolak polymer, (b) a polyhydroxy compound having 2 to 7

phenolic groups, and (c) a compound selected from a vinyl ether and an
unsubstituted or substituted heteroalicyclic and (i) a polymer comprising
substituted or unsubstituted hydroxystyrene and acrylate, methacrylate or a
mixture of acrylate and methacrylate, the acrylate and/or methacrylate being

20 protected by an acid labile group that requires a high activation energy for
deblocking; and
(5) a mixture of (i) a reaction product formed in the absence of a catalyst
between (a) a novolak polymer, (b) a polyhydroxy compound having 2 to 7
phenolic groups, and (c) a compound selected from a vinyl ether and an

25 unsubstituted or substituted heteroalicyclic, (ii) a polymer comprising substituted
or unsubstituted hydroxystyrene and acrylate, methacrylate or a mixture of
acrylate and methacrylate, the acrylate and/or methacrylate being protected by
an acid labile group that requires a high activation energy for deblocking, and (iii)
a novolak is disclosed.

30



5 thereof during the reaction of the polyner conprising hydroxystyrene and
acrylate, nethacrylate, or a mxture thereof with vinyl ether in the
absence of a catalyst, providing a nore stable polyner resin for use in the
conpositions described herein. The use of a catal yst would cause the
acrylate, nethacrylate or mxtures thereof to becone debl ocked during the
reaction, resulting in an 10 unwanted product. The copol yner used
herein can be prepared by standard radi cal copolynerization to yield random
copol yners. FoiThexatnibeesist cbaippkitioptdaac algb atomtaiara pbotoapinl gemeratadasv th (i)
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copolynmer also has a high acid sensitivity. The acid | abile ester groups of
the copol yner are surprising thermally stable in the presence of the
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phenol, tri et Fr}slesa&ryiaw%ﬁ%etrfé% tenﬁbh&hiéhedwbng%rﬁerwbﬁaehen@ofHPfé/' enol,
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enabling image development of the composition. The acrylate or methacrylate
can be provided with a variety of t-butylester or other ester groups which are well
30 known to the skilled artisan which contain a secondary or tertiary carbon atom

next to the oxygen atom of the ester bond, which can also be described as an



25 i sopropenyl phenol, p-isopropenyl phenol, 2-nethyl-4-isopropenyl phenol,

2- et hyl 4- 1sopr openyl phenol and ot her i sopropenyl-substituted phenols:

phenyl phenol and ot her aryl -substituted phenols; 4,4'-dihydroxybi phenyl,

bi sphenol A, hydroqui none, resorcinol, 2-nethyl resorcinol, 5-nethyl
resorcinol, pyrogallol, catechol, and other pol yhydroxyphenols, as are well
known to those skilled in the 30 photoresist art. These phenols may be used
either alone or in an adm xture of two or nore, dependi ng upon the
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hydr ox§beméa}%lle?yﬂ§§ ﬁ%t ﬁ%@gﬁz%ﬁ Igﬁ%delﬁhg?hydror?%d;ﬁggl déhyde, =
p- net hyl baowddtdemethacrylaterot Bymxture dherell wéth vyl ieteeropdhe ahsenge®f an m

10 chl orobenzal dehyd R- chl or z . a L NFE dftm{ +and the
li ke. ¢at &rrBﬁoggﬁQﬂ & ﬁéorge%gﬁ@ss@ﬂ@]l%&gs@c@olrglée(?wrrgﬁ%y eﬁ%ﬂ}ﬁ' et one,
di et Ihyl k@b@@%egg@brdirphemyms&et aratalfstoboud cabes thk atrylee, meghdmeylateed
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10  unwanted product.

The copolymer used herein can be prepared by standard radical
copolymerization to yield random copolymers. For example, t-butyl methacrylate
can be copolymerized with (i) p-tert-butoxycarbonyloxystyrene (a hydroxystyrene

15  precursor monomer) with subsequent thermal cleavage or mild acidolysis of the
t-butoxycarbonyl group to form p-hydroxystyrene/t-butyl methacrylate copolymer
or (ii) with p-t-butyl(dimethyl)silyloxystyrene with subsequent desilylation with
fluoride. Alternatively, acetoxystyrene is copolymerized with acrylate or
methacrylate. Generally acetoxystyrene is mixed under nitrogen at an elevated

20 temperature of about 50° to 100°C. with the ester monomer in a suitable solvent
such as toluene or THF, along with a small amount of a free radical catalyst such
as benzoyl peroxide. The product polymer poly(acetoxystyrene-co-acrylate) is
then deacylated with mild base (e.g. dimethylaminopyridine, ammonium
hydroxide, carbonate or bicarbonate) in a nonaqueous solvent such as an

25 alcohol solvent (methanol or propanol) to form the hydroxystyrene/acrylate
copolymer. Alternatively, the hydroxystyrene/acrylate or methacrylate copolymer

can be a block copolymer.

The copolymer can contain the hydroxystyrene unit in the range of 50 to
30 90 mol%, depending on the desired dissolution rate/sensitivity. The copolymer

typically has a number-average molecular weight (relative to polystyrene



15 ket ones can be enpl oyed. As the acid catalyst, there may be
utilized inorganic acids such as hydrochloric acid, nitric acid, sulfuric
acid and the like, organic acids such as formc acid, oxalic acid, maleic
acid and the like, and divalent inorganic netal 20 salts of copper, cobalt,
magnesi um mnmanganese, nickel, zinc and the like. The reaction solvent is
normal |y a hydrophilic solvent, such as nethanol or di oxane. Exanpl es of

al kali -soluble, filmform ng novol ak resins include phenol -fornal dehyde
novol aks, staretaod) fangimg dedny d2000vtol 8@ 900antheplcopolymendids ed high glass

| enol - f | dehyd | aks. k ' b | din 25
KheTart oftagRten oPer R et ARIE0 APBHL 179 RE o s SoRRP TRy hata |
Applicati %grpéciﬂ’%@ﬂﬁiii/i?. Reeidesd lablfé ebtef grauis daheicopoly¥ner Spe istfsisingr | ag,

N. Y., 1979 1 n Chapter 4. The pol yhydroxy conmpound having 2 to 7 Phenol ic
groups cathermallygetable in the presence of the phenolic hydroxy 8roups up to a

| yh ) | . .
b pet v BRI TR e KADES B ek ghptithe hating o i
bi s( pol yhydir they besrmpgsitien kwhish, besilisol iphsubstaptiallyz dnpreyed slitabgraphice

di(polyhydr%x benzoat es), pol yhydr oxybi phenyl s, bi s(pol yhydr oxy) sul fi des,
bis(polyh§ﬁ 8&95W§hyl)ethers,bis(polyhydroxyphenyl)sulfoxides,
bi s( pol yhydr oxyphenyl ) sul f ones, pol yhydroxytri phenyl met hanes, pol yhydroxy-

5 spirobi-indanes, | yhydr oxypht hal i des, term nal, 6 xyl.enol |inear
tetranucl ear c HB an,'yT%H\e‘a\?é@e'?ﬁrﬁﬁh'él @&Paaﬁ%%am?,&"l‘g ﬁe%l?er{oito( dhucl ear
conpoy[ds s, Betuledn §enbP to2HMC | RiiticRUBRRAIBASEonS UBActih  dfofa EXRsFRI Cor

(a) pol yhydroxybenzophenones such as 2, 4-di hydr oxybenzophenone, 2, 3,4- 10

tri hydr oxypbbstitisdephans) 29mamomqimaig¢artbﬁgﬂs§h@6%r?é\n@lﬁehmqelpsketone (or a |
L1 o AERERIARIAAEC, LRIl MADSSRERBRI R i -
pent ahydr dx & soitaiyid evactior? sGlvdnt? ‘asdarepaet! Hnpsimosoy obe nskdlfgite itotleg art of
2,3, 4, 20 o R LEY dE RS " ABNSIE O MR, Z but At ABS AR @Y BROZGPhenone.
15  chlorophenols, fluorophenols, m-cresol, o-cresol, p-cresol, m-ethyl phenol, o-
ethyl phenol, p-ethyl phenol, m-butyl phenol, o-butyl phenol, p-butyl phenol,
trimethylsilylphenol, chloromethylphenol 2,3-xylenol, 2,4-xylenol, 2,5-xylenol, 2,6-
xylenol, 3,4-xylenol, 3,5-xylenol, 3,6-xylenol, o-phenyl phenol, m-phenyl phenol,
p-phenyl phenol, 2,3,5-trimethylphenal, 2,3,5-triethylphenol, 3,4,5-
20 trimethylphenol, 4-tert-butylphenol, 3-tert-butylphenol, 2-tert-butylphenol, 2-tert-
butyl-4-methylphenol, 2-tert-butyl-5-methylphenol and other alkyl-substituted
phenols;  p-methoxyphenol, = m-methoxyphenol,  o-methoxyphenol, p-
ethoxyphenol,  m-ethoxyphenol, o-ethoxyphenol, o-propoxyphenol, p-
propoxyphenol, propoxyphenol and other alkoxy-substituted phenols; o-
25 isopropenylphenol, p-isopropenylphenol, 2-methyl-4-isopropenylphenol, 2-ethyl-
4-isopropenylphenol and other isopropenyl-substituted phenols: phenylphenol
and other aryl-substituted phenols; 4,4'-dihydroxybiphenyl, bisphenol A,
hydroquinone, resorcinol, 2-methyl resorcinol, 5-methyl resorcinol, pyrogallol,
catechol, and other polyhydroxyphenols, as are well known to those skilled in the
30 photoresist art. These phenols may be used either alone or in an admixture of

two or more, depending upon the dissolution rate desired.



15 2,3 ,4,4",6-pent ahydr oxybenzophe none,

2,2',3,4,4" -pent ahydr oxybenzophenone, 2,2', 3,4,5" - pent ahydr oxybenzophenone,
2,3 ,4,5,5'-pentahydroxybenzophenone,

2,3,3,4,4" 5 -hexahydr oxybenzophenone, 2,4,6,31,41,5" -

hexa hydroxybenzophenone and 2,3,4,3 ,4",5 -hexahydr oxybenzophenone; 20 (b)

pol yhydr oxwhenyl al kyl ket ones such as 2,3, 4-tri hydroxyacet ophenone, 2,3, 4-
tri hydroxyphenyl pentyl ketone, and 2, 3, 4-tri hydr oxyphenyl hexyl ket one; (c)
bi s( pol yhydr oxyphenyl ) al kanes such as bi s(2, 3, 44ri hydr oxyphenyl ) net hane,

bi s(2, 4-di hydr gx t 25
(d) pol yhydr oxéﬁé§€§g¥né%u%ﬁtﬂ§sa@ér}g’gg; ﬁ'&%ﬁsfga& F)lélhlj%gcr)%w Qﬁ'%‘gzgﬂgﬁgeyl
g_, 3,(4-Itrihf¢gd1bmayibbanzm§eel) suetmchqorfmrmdb |déhydf35paaafbmaldglyyﬂmzae&tatdehycri]e (e)

i s(po roxybenzo es ar
30bi 2( 2y3¥>&"% oiyb&@&gl ;5 rlfl ﬂ’éﬁl’{%( Elos r%f‘if’?‘eaz Oa“‘xy'a'dsHC =
tri hydéoxl’rﬂhéﬂﬁwal:éﬁid%%e bi s (Zorstefr t 1 i dew&%épyl ) benaenaldeapde,
bis(2,4,6- trihydr Myenzoy enzene;

SI Eylj enedicygiehgiapa d%,nﬁltsﬂaé@jel%u@ﬁ%wﬁwﬂdé?iw yRigINyipqetalgehyde, a-

i hydr oxy h 5% SERRAL

pol yhydr o%@gﬁ%ﬁ*gﬁyﬁs g‘ﬁ'@% yé%@%gﬂhy@ﬂaﬂdee&@fj?“ O{h&ﬂfbkgbgﬁ%ef? heny! '? I)”TI‘ ol ,
3,5,35' - ltn'ypmmértzatdetbllydez p:1¥ydraxybbizaidetyideet rcomethylbenzaldehyde, m-
2,4,6,3" ,51- t ol 2.4 6" - h I

2,3,4,2 :§" tﬁ '8 Zﬁ%&%&ypﬁewf’ mcitaylbenzak??ﬂyc%:, 2(§o ﬁ%gﬁﬁaﬁé}&dﬁi’deg‘ such as
4,4' -ybi 0|@hﬁ)@dbe?rzdldbhﬂd@gyhﬂilemnmldehyde, ah) cinatmeddstyyier arg tieelikd. ) et her s
such as 2,2'4,4'-tetrahydroxydi phenyl ether;

150) bi s( pol yhydr oxyphenyl ) sul f oxi dessuchas2, 2' 4, 4 -

t et rahydr oxydi Eﬂ%ﬂe%ubif thd ﬂeton(ek)mauaé m&lemédrrﬁémph@ﬂwl Xerieongsthguch as
2,2',4,4 -tetrahyd oxydlpheny sul f one;
ketone and diphenyl ketone. Each of these ketones may be used singly or in
combination. Further, an optional combination of any of aldehydes and any of

15 ketones can be employed.

As the acid catalyst, there may be utilized inorganic acids such as
hydrochloric acid, nitric acid, sulfuric acid and the like, organic acids such as
formic acid, oxalic acid, maleic acid and the like, and divalent inorganic metal

20 salts of copper, cobalt, magnesium, manganese, nickel, zinc and the like. The
reaction solvent is normally a hydrophilic solvent, such as methanol or dioxane.
Examples of alkali-soluble, film forming novolak resins include phenol-
formaldehyde novolaks, cresol-formaldehyde novolaks, and phenol-modified
xylenol-formaldehyde novolaks. Novolak resins have been commonly used in

25 the art of photoresist manufacture as exemplified by "Chemistry and Application
of Phenolic Resins", Knop A. and Scheib, W.; Springer Verlag, N.Y., 1979 in
Chapter 4.

The polyhydroxy compound having 2 to 7 phenolic groups can include
30 polyhydroxybenzophenones, polyhydroxyphenylalkylketones,
bis(polyhydroxyphenyl)alkanes, polyhydroxybenzoates,



20(1) pol yhydroxytri phenyl met hanes such as tri s(4-hydroxyphenyl) net hane),
4,4 4"- trihydroxy-3,5,3 ,5 -tetranethyltri phenyl net hane,

4,4' ,3",4"-tetrahydroxy-3,5,3",5" -

tetramet hyl tri phenyl net hane, 4, 4' , 2", 3", 4" - pent ahydroxy-3,5,3",5" -
tetramet hyl tri phenyl net hane, 2, 3, 4, 2', 3", 4' - hexahydr oxy-5, 5" -

di acetyl triphenyl net hane, 2,3,4,2',3',4',3", 4"-oct ahydr oxy-5, 5-

25di acetyl tri phenyl et hane, and2, 4, 6, 2' , 4", 6' - hexahydr oxy-5, 5" -

di pr opi onybis(pplyhydrpkylsrizapdalkqngs, pol \His(gelyRydrepyhesapyiatdisnes Aleiens

3,3,3,3 -tet thyl-1. 1% -spirobi:i - . .
56,5, 64e‘i'&’dy?’gna?,xgb%m-qaﬁsj’am?ﬁ@qu}sgyrbﬁg%?nry&i - i?\' r?'é/h gfiléqu?sglfgle,&]. - hexol
,and 303, %i@ﬁg&lyh?@bkwmdvuéthérsl' - spi robi - i nébisipelghydréxybhebyl)sulfoxies| ;  (n)
pol yhydr oxypht hal i des such a‘sﬁnB, 3- bi F 3,4- di.hxdrqx%ﬁ]hengl )ph‘ tplaldi de, 3, 3-
bi s{ 2, 3, 4-sPRYAVRYIhaYDS oA | AQlYhydgxytriphenyimethanes, * polynydroxy-
3, 4", % 6'gidbl-RlY Xsp%g}h QRPSHRAGER3, BEmIalt RABRYK lMehP) tadhubledr OXy
conpou%ds S&%scr?‘be _|§’n J klo %253058 such as g;ﬂal,a"-tri s(4-
hydr oxyphesoypounds, $neal ipsojanupiphberptesndsy dneayx {AiraneRipay -compainds;
i sopropyl z . AN P | benzene,
v oxy phaneRt 1 X EicfUeY BOEpKlitae stofaf fof BRARARY
hydr oxypheny9-1, 3, 5-trii sopropyl benzene, a,a',a"-tris(3,5-dinethyl-4-

(a) polyhydroxybenzophenones such as 2,4-dihydroxybenzophenone, 2,3,4-

10 trihydroxybenzophenone, 2,4 4'-trihydroxybenzophenone, 2,4,6-
trihydroxybenzophenone,  2,3,4-trihydroxy-2'-methylbenzophenone,  2,3,4,4'-
tetrahydroxybenzophenone,  2,2'4,4'-tetrahydroxybenzophenone,  2,4,6,3',4'-
pentahydroxybenzophenone, 2,3,4,2' 4'-pentahydroxy-benzophenone,
2,3,4,2' 5'-pentahydroxybenzophenone, 2,2',3,4,6'-pentahydroxybenzophenone,

15  2,3'4,4' 6-pentahydroxybenzophenone, 2,2',3,4,4'-pentahydroxybenzophenone,
2,2',3,4,5'-pentahydroxybenzophenone, 2,3',4,5,5'-pentahydroxybenzophenone,
2,3,3',4,4' 5'-hexahydroxybenzophenone, 2,4,6,3,4'5'-
hexahydroxybenzophenone, and 2,3,4,3'4' 5'-hexahydroxybenzophenone;

20 (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-trinydroxyphenyl)methane,
bis(2,4-dihydroxyphenyl)methane, and bis(2,3,4-trihydroxyphenyl)propane;

25
(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
30 bis(2,3,4-trihydroxybenzoyl)methane, bis(3-acetyl-4,5,6-

10



a,a,a'-tris (3 ,5-diethyl-4- a ,a,a"-tris(3,5-d i-n-p ropyl-4- a

,a ,a"-tri s(3,5-d iisop ropyl-4- a ,al,a"-tris(3,5-di-n-butyl-4-

hydr oxyphenyl)-1, 3,5-trii sopropyl benzene,
a,al,0"-tris(3-nmethyl-4-hydroxyphenyl)- 1,3,5-triisopropyl-b en ze ne, a
,al,a "-tri s (3-n1ethoxy4-hyd roxyphenyl)-1 ,3,5- triisopropyl be nzene, a
,a' ,a"-tris(2,4-di hydroxyphenyl)-1,3,5-triisopropyl benzene,

2 4 6-tris(3,5-dinmethyl4- hydroxyphenylthlonethylzn95|tylen

14a’ et hy Itribydraxyphesylimeihare phis(Rid) & trinytioxybenzoy )benzene and bis(2,4,6-

(@ - nyar ol RSB RRSase: 0 S Car lﬁi‘dm -

r oxy- phﬁnyOet hyl penzene, 1-[ al pha- nmethyl-a -(3',5 -di methyl-4'-hyd roxyph
e nypethyl]be n zenella- hyl -a- (3" - .

met hoxy- 4' (bhy@”ﬂi@y"ﬁherff’l@gfyk‘}/ﬁﬁolyalféﬂzoéte%i 584N edhox§hyleneglycol-di(3,5-
hydroxgphﬁw &%B%H@B ERE ethithhe gl cold| 345—tr|h droxybenzoate

1-[a-net hy (21, 41-di ydr o@phengy Ly Y &

20(a,a' -bis(4' - hydroxyphenyl)ethylpenzene In addition, the

Compound 1Ak PRIPREPRGIEN T SudkCad SROERRRELYRIOVER EPRNBNPIRET T Gy 1

wher ei n f dipHemwhetral, (24,24 ﬁbhemlltetroh @,4,6(X, SbUpUenYIpem:)l,aIZk%/.BQhé @r CH2-Y;

Vi
Is 0 biphenylhexol, and 2,3,4,2',3',4"-biphenylhexol;
10
(h) bis(polyhydroxy)sulfides such as 4,4'-thiobis(1,3-dihydroxy)benzene;
(i) bis(polyhydroxyphenyl)ethers such as 2,2'4,4'-tetrahydroxydiphenyl ether;
15  (j) bis(polyhydroxyphenyl)sulfoxides such as 2,2'4,4-

tetrahydroxydiphenylsulfoxide;
(k) bis(polyhydroxyphenyl)sulfones such as 2,2',4,4'-tetrahydroxydiphenylsulfone;

20 (1) polyhydroxytriphenylmethanes such as tris(4-hydroxyphenyl)methane), 4,4',4"-
trinydroxy-3,5,3',5'-tetramethyltriphenylmethane, 4,4',3",4"-tetrahydroxy-3,5,3',5'-

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

dipropionyltriphenylmethane,
(m) polyhydroxy-spirobi-indanes such as 3,3,3',3'-tetramethyl-1,1'-spirobi-indane-

5,6,5'6'-tetrol, 3,3,3'3'-tetramethyl-1,1'-spirobi-indane-5,6,7,6'6',7'-hexol, and
30 3,3,3'3-tetramethyl-1,1'-spirobi-indane-4,5,6,4',5',6"-hexol,

11



or S; each of RL to R9 is independently al kyl, alkoxy, H or hal ogen; R10
is Hor alkyl; each of a, b, and c is an integer of 2 to 4; each of I, m
and n is an integer 10of 1 to 3; a conpound having fornmula (111) {KID)Ce-,
YYM Raid nn wherein R11, R12, R13, Rl14, R15, R16 and Rl17 each represents
i ndependently H a Cl to C4 al kyl group, a C to C4 al koxyl group, a

cycl ohexyl group or a group represented by the fornmula: (CH2); (Rl 8)hh
wherein R19 represents H a Cl to ¢4 alkyl group, a Cl1 to C4 al koxyl group
or a cycl ¢i)epglyhgiroxyphtiesdicles osuahimasandl, 3rhis([33#4-0ihydroayptnyhpbthatifie as,3-bb, cc,

dd, ee, if, and hh is O gr .an.integer .of, to.5,satisfyi a+bb55,
cc+dds5, | E@‘ﬁgéﬁ"ﬂmf&";ié‘%ﬁﬂwsg?éq' iagso:s%%lﬁ 'tf,tragﬁ‘%oéﬂﬁ%ﬁ@r@'ﬂ ah@%er of
phenol i c groyasthahs);from 2 to 7; or mxtures thereof. Exanpl es of the

pol yhydr oxy conpound having 2 to 7 phenolic groups can al so include
2, 4- di hydr oxybenzophenone, 2,3, 4-trihydroxybenzophenone,

5 (o) polyhydroxy compounds described in JP No. 4-253058 such as a,a',a"-tris(4-

hydroxyphenyl)-1,3,5-triisopropylbenzene, a,a',a"-tris(3,5-dimethyl-4-
hydroxyphenyl)-1,3,5-triisopropylbenzene, a,a',a"-tris(3,5-diethyl-4-
hydroxyphenyl)-1,3,5-triisopropylbenzene, a,a',a"-tris(3,5-di-n-propyl-4-
hydroxyphenyl)-1,3,5-tri-isopropylbenzene, a,a',a"-tris(3,5-diisopropyl-4-
10  hydroxyphenyl)-1,3,5-triisopropylbenzene, a,a',a"-tris(3,5-di-n-butyl-4-

hydroxyphenyl)-1,3,5-triisopropylbenzene, a,a',a"-tris(3-methyl-4-hydroxyphenyl)-
1,3,5-triisopropyl-benzene, a,a',a"-tris(3-methoxy4-hydroxyphenyl)-1,3,5-
triisopropylbenzene, a,a',a"-tris(2,4-dihydroxyphenyl)-1,3,5-triisopropylbenzene,
2,4 ,6-tris(3,5-dimethyl4-hydroxyphenylthiomethyl)mesitylene,  1-[a-methyl-a-(4"-
15 hydroxyphenyl)ethyl}4-[a,a'-bis(4"-hydroxyphenyl)ethyllbenzene, 1-[a-methyl-a-
(4*-hydroxyphenyl)ethyl}-3-[a,a'-bis(4"-hydroxy-phenyl)ethyilbenzene,  1-[alpha-
methyl-a-(3',5'-dimethyl-4'-hydroxyphenyl)ethyl]benzene, 1-[a-methyl-a-(3'-
methoxy-4'-hydroxyphenyl)ethyl}4-[a',a'-bis(3'-methoxy4'-
hydroxyphenyl)ethyllbenzene, and 1-[a-methyl-a-(2',4'-dihydroxyphenyl)ethyl]-4-
20 [a,a'-bis(4'-hydroxyphenyl)ethyllbenzene.

In addition, the polyhydroxy compound having 2 to 7 phenolic groups can

also include a compound having formula (1)

12



15 2,4,4' -tri hydroxybenzophenone, 2,4, 6-trihydroxybenzophenone,

2,3, 4 trlhydroxy2 nethylbenzophenone 2,3,4,4" -tetrahydroxybenzophenone,
2,214,4' - tetrahydroxybenzophenone, 2,4,6,3',4'-pentahydroxybenzophenone,
2,3,4,2',4" - pentahydroxy-benzophenone,

2,3,4,2',5 -pent ahydr oxybenzophenone, 2,2', 3,4, 6" -pent ahydr oxybenzophenone,
2,3 ,4,4" , 6-pent ahydroxybenzophenone, 20

2,2 ,3,4,4'-pentahydroxybenzophenone, 2,2',3,4,5 - pent ahydr oxybenzophenone,
11 2,3 ,4 ,5,5 pent@@&proxybenzophenone 2,3,3,4,4,5 -

hexahydr oxybenzopheno~e : 4 4' |5 hexahydroxybenzophenone

2,3,4,3 ,4",5(-hexahy nzo ﬁenone 2,3,4-tri hydroxyacet ophenone,

2,3, 4- trihydroxyphe ent yl ket one, 2 , 3, 4-tri hydroxyph enyl hexyl
ket one, bi s(2, 3, 4-
tri hydroxyphenyl ) net hane| bi s( 2, 4- di hydr oxyphenyl ) net hane, bi s(2, 3, 4-

tri hydroxyphenyl ) propane, propyl 3,4,5-trihydroxy-benzoate, phenyl 2,3, 4-
tri hydroxybenzoategg v| 3,R5 5- trihydroxybenzoagg,bis(2,3,4- 5
trihydroxybenzoyl)m , bi s(3-acetyl-4,5,6-trihydroxyphenyOret hane,

i / )benzene,b| , 4, 6- trihydroxybenzoyl)benzene,

riol, 3,4, 5- blphenyltrlol 3 5, 315" -
:trol, 2,4,6,3',5'-bipheny|pento|, 2
,4,6,2,4,6' - W phenylhexol 2 374, 2", 3,4 -bi phenyl hexol

4 4 -thlobls(l 3-\d exdroxy)benzene ‘(Ma 4 4 -tetrahydroxydlphenyl et her,
2,24,41-tetrahydrao i phenyl sul f oxi de, 2"

, 2", 4,42-tetrahydroxydi phenyl sul f one, tris(4-hydroxypheny|)nethane),
4,4,4"- trihydroxy-3,5,3 ,5 -tetramethyltriphenyl nethane,

4,4 3" 4acbﬁmmanb%dvmgﬁynﬁm5(3j 5 - tetranethyltrip h enyl nethane, 4

, 4 2 3 - pent ahydr oxy-3,5 ,3",5" -

bi phenyl tetr

(R7)a (OH),
(Rg)c
(1)
Rig— C (OH),
5 (Re)o (OH)q,

wherein for formula (1) or (Il), X is a direct bond, lower alkylene or CHx-Y; Y is O
or S; each of Ry to Ry is independently alkyl, alkoxy, H, or halogen; Rigis H or
alkyl; each of a, b, and c is an integer of 2 to 4; each of |, m, and n is an integer

10 of 1to 3;

a compound having formula (lil)

13



15t et ranet hyl tri phenyl net hane, 2, 3,4, 2" , 3" ,4'-hexahydroxy-5,5"- di
acetyl tri phenyl net hane, 2, 3,4,2',3" ,4"',3",4"-oct ahydr oxy-5, 5-

di acetyltriphenyl nethane,2 ,4,6,2',4',6'-h exahyd roxy-5,5"-

di propi onyl tri phenyl nmet hane, 3, 3, 3",

3'-tetranethyl-1, 11-spirobi-indane-5,6,5",6"-

tetrol, 3,3,3 31-tetranethyl-1,1"'-spirobi-indane-5,6,7,6'6',7-hexol, 3
, 3,33 -

20t etranethyl-1, 1' -spirob
di hydr oxyphenyl ) pht hal i de,

i ndane-4,5,6,4',5",6"-hexol, 3, 3-bi s(3, 4-
3,3-bis(2 ,3,4-tri hydroxyphenyl ) pht hal i de,

31, 41, 51, 6' He dr o@s i ro(phthalide-3, 9"-xanthene),a ,af,a"-tris
(4- hydr ox) phenyl fli i i sopropyl zene,a ,ce ,a"-tri 5(3, 5-dim
et hy1-4-h d roxy, y1) A, | 3 Sop fop | benze ne, a

,a',a"-tris(3, SRglet hyl- 4- hyar o -1 (3, (OH) oo (i)
25tr| i sopropyl benzene, a, a' , a" [y, s(3, 5-di - n- —@

ropyl-4- hydroxyphenyl) -1, 3 B-tri- i sop ropyl be,lglzen

,ce,a"-tri s(3 5-di i sop ropyl-4-hydroxyphenyl) - 1", 3, 5- tr| |3§"opropyl

benzene a,a' a"-trls(3 5-di - n-butyl - 4-hydro yphenyl) 1, 3, 5-—t""i i sopr opy!
benzene, awh‘é?e.ﬁ UR,%( ﬁr,gﬂm VR4 RWQ:H@WPBQMiléprése’htémdepeﬁaehﬂpw a

benzene,a ,a',a"- oxy4- hydr oxyphenyl) - tr||sopropylbenzene

30a , a' , aCitlei @( alkaL gtqn»pdnaonm.&xya.lyowl :greun,ra Pgeehwlmeﬁ@ group
, 6- tr| S(Brespreg%tQEBWﬂe fbrn\YﬁH oxyphenyl t hi onet hyl ) mesi tylene, 1

-[a-nmeth
(OH)gg
—(C H2)i‘_@

(R18)hh

wherein Rig represents H, a C; to C4 alkyl group, a C¢ to C4 alkoxyl group or a

cyclohexyl group; each of mm and nn is 0, 1 or 2; each of aa, bb, cc, dd, ee, ff,
gg and hh is 0 or an integer of 1 to 5 satisfying aa+bbs<5, cc+dd<5, ee+ff<5, and
10 gg+hhs5;iis 0, 1 or 2, and where the number of phenolic groups are from 2 to 7,

or mixtures thereof.

Examples of the polyhydroxy compound having 2 to 7 phenolic groups

can also include 2,4-dihydroxybenzophenone, 2,3,4-trihydroxybenzophenone,

15  2,4,4-trihydroxybenzophenone, 2,4,6-trihydroxybenzophenone, 2,3,4-trihydroxy-
2'-methylbenzophenone, 2,3,4,4'-tetrahydroxybenzophenone, 2,2'4.4'-
tetrahydroxybenzophenone, 2,4,6,3',4'-pentahydroxybenzophenone, 2,3,4,2',4'-
pentahydroxy-benzophenone, 2,3,4,2' 5'-pentahydroxybenzophenone,
2,2',3,4,6-pentahydroxybenzophenone, 2,3'4,4',6-pentahydroxybenzophenone,

20 2,2'3,4,4-pentahydroxybenzophenone, 2,2',3,4,5-pentahydroxybenzophenone,
2,3',4,5,5'-pentahydroxybenzophenone, 2,3,3,4,4'5'-
hexahydroxybenzophenone, 2.4,6,3' 4" 5'-hexahydroxybenzophenone,
2,3,4,3',4' 5'-hexahydroxybenzophenone, 2,3,4-trihydroxyacetophenone, 2,3,4-

14



hydr oxyphenyQet hy11- 44a, ce- bi s(4"-hydr oxyphenyl ) et hyl i benzene,
1l4a- net hyl -

(4' - hydr oxyphenypet hyl1l- 34a, d- bi s(4" - hydr oxy- Phenyf| et hyl ] benzene, 1-(al p
ha- nmethyl-a-(3",5 -di methyl-4'-hydroxyphen

yfl ethyl | benzene, 10- net hyl -a- (3’ -

nmet hoxy-4' - hydr oxyphenyl ) et hyl]-4-[a', a' - bi s(31-net hoxy-4'-

5hydr oxyphenyl ) et hyl ] benzene,

14a- met hytfmd(mpmnmmﬂkmyﬁher@/Bét—ﬂ:wpyqlroxthﬂnyllwxylketone bis(2,3,4-

gl s(41 hy ﬁ@x%’m&% b§|n)zg?ﬁ%%ﬂhﬁ%foﬁﬁbngﬁy&"et%ne hydr g@wge‘{]ypet hyl |

g| s%g Eg o t her h ; n@xy?@pwlgs 45-tﬂwtlr0va6nmwyl phenyll | 28{4:ane,
IS i me - ydr oxybenzyl) -4 et hyl phenyl i hane,
bi s[ 3- (3, s'ﬂwri&m%n@ﬂg»dr oxyRfEw 1) - 43 M enzodte!” "~ bl 75}3'3

é?ﬂ‘;’f{l leﬁy n}dﬁn@sﬂﬂ& (3,5- dbﬁ(dlxéetéu 413 G-enyeraydherfyl fvethaney - 5-

2, 4- bi s[ZbMBAxtyhmrpxybwrzpw&mzw) 5- (B GEHwIgxybenzgM)beRgsRe.phenol |
L B R, e g O cubabis el
iy e N e P e
[.4- oxy- 3z (,2: rnoxy- 5: 1).-.5-
ot hy| phoRPERUIGTEhe of 5 HRRRHBETs - 301 BTN P B .
hydr oxy phsmﬁbhﬂﬁémnez @'@ﬁZS i Sipﬁﬁﬁﬂuéxcﬁ (44hu‘ﬁt$bi$@t3%ﬂmydl)ox9)benzene
hydr oxyphenyl ] et hane, b 5-di et

é dr ox benzY
hydr oxyph@rid4, prit@tramoaydlghqny!;( 4 erﬁlsm oxyp érfﬁ etfanygrqxyd phenylsulfomde

20hyd Ay - -
R i L ST Tl o T e

-[4-(4- trihydroxy-3,5,3',5'-tetramethyltriphenylmethane, 4,4',3",4"- tetrahydroxy -3,5,3',5'-

tetramethyltriphenylmethane, 4 4'2".3",4"-pentahydroxy-3,5,3',5'"-
15 tetramethyltriphenylmethane, 2,3,4,2',3',4'-hexahydroxy-5,5'-
diacetyltriphenylmethane, 2,3,4,2',3',4',3",4"-octahydroxy-5,5-
diacetyltriphenylmethane, 2,4,6,2' 4' 6'-hexahydroxy-5,5'-
dipropionyltriphenyimethane,  3,3,3',3-tetramethyl-1,1'-spirobi-indane-5,6,5',6'-
tetrol, 3,3,3'3'-tetramethyl-1,1"-spirobi-indane-5,6,7,6'6',7'-hexol, 3,3,3'3"-
20 tetramethyl-1,1'-spirobi-indane-4,5,6,4',5',6'-hexol, 3,3-bis(3,4-

dihydroxyphenyl)phthalide, 3,3-bis(2,3,4-trihydroxyphenyl)phthalide, 3'4'5',6'-
tetrahydroxyspiro(phthalide-3,9'-xanthene),  a,a',a"-tris(4-hydroxyphenyl)-1,3,5-

triisopropylbenzene, a,a',a"-tris(3,5-dimethyl-4-hydroxyphenyl)-1,3,5-
triisopropylbenzene, a,a',a"-tris(3,5-diethyl-4-hydroxyphenyl)-1,3,5-
25 triisopropylbenzene, a,a',a"-tris(3,5-di-n-propyl-4-hydroxyphenyl)-1,3,5-tri-
isopropylbenzene, a,a',a"-tris(3,5-diisopropyl-4-hydroxyphenyl)-1,3,5-
triisopropylbenzene, a,a',a"-tris(3,5-di-n-butyl-4-hydroxyphenyl)-1,3,5-
triisopropylbenzene, a,a',a"-tris(3-methyl-4-hydroxyphenyl)-1,3,5-triisopropyl-
benzene, a,a',a"-tris(3-methoxy4-hydroxyphenyl)-1,3,5-triisopropylbenzene,
30 a,a',a"-tris(2,4-dihydroxyphenyl)-1,3,5-triisopropylbenzene, 2,4,6-tris(3,5-
dimethyl-4-hydroxyphenylthiomethyl)mesitylene, 1-[a-methyl-a-(4"-
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hydr oxybenzyl ) ph enyl | ethane, 1 ,1-b is(4-hydroxy-3-nethyl phenyl)-144-(4-
hydr oxybenzyl ) phenyl i et hane, 1 , 1-bi s(2 , 6- net hyl-4- hydr oxyphenyl) - 144- ( 4-
hydr oxybenzyl ) phenyl | et hane, 1, 1-b i s(3, 4-di hydroxyphenyl)-1-[4-(4-

25hydr oxybenzyl ) phenyl ] et hane, 1 , 1-bi s(3, 4, 5-tri hydroxyphenyl) - 144- ( 4-

hydr oxybenzyf | phenyl | et hane, 1, 1- bi s(4- hydr oxyphenyl) - 144-[ 1- ( 4-

hydr oxyphenyl) - 1- et hyl et hyl | phenyl ] et hane, 1 , 1- bi s( 3, 5-di net hyl- 4-

hydr oxypheny1) - 1-[ 4-[ 1- (4- hydr oxyph enyl) - 1- net hyl et hyl ] phenyl ] et hane, 1 , 1-
bis(3 , 5- ¢ dﬁxpyﬁe@/})bwr]eb([ﬂm‘\-«bWZL}h)&drpwmenyloethwmey@.heh*&qynathyl -

SRR b A (¢
hydr oxy phesstay- @@éla.ﬁfbmwdr aydfa tﬁ?ll]tkedz@héw | phenjd-iretthaeeal, 1-

bi s(3, 4-di hydr oxypheny1) -1- 4- hydr oxypheny1l) - 1- net hyl et hyl ] ph
enyl | et hamethquflmyg(@(ynhgnx)eiwé&yph@metﬁq )i (4- hydr oxypheny1) - 1-

met hyl gt h""k@%ﬁﬁ%ﬁ(@“‘?ﬁﬁ?’% F41 f]%{ Qﬁgﬁ%rcﬁé@ 42 XHF&W%WW}M-?G o

hydr oxyphe ,
hydr oxy pheis{ Yyslopyphghyetndlhenzene, 1-[1' methyl1 (4'-hydroxyphenyl)ethyl] 4-

T ARSI DU 5 ST A DGR«
g| S(j Eyglhgdwx %ndgrmﬁﬂeh lphemﬁih? 2- hydbrs[@t(ﬁ)sxtduhebyh?-hvdroxybenzyl) -4-
I(Z( hyd)r/o:b;)'ém g gllgggéﬂﬁq‘&haerw I.)ns[%ég l:! hyl-%xlw)dq g e%lpiq'\ydroxy-s-

104f | binsdifiyi Ih@r?é“ ) et hyl ji Glelh -1“( oBibeYizylf4-hydroxy-5-
hydr oQé hgﬁéy Pso ropyl p[ 441 , 1- bi s( 3- net hy ﬁhr oxy hyéf{x Iex[ hyI | benzene,
ethy

2,6-bis| 1e(rwlmamvﬂmetwph@rfybys[%b repy 1(4zhyﬁi§w 2 bepzvla- (4-
hydr oxyPheDuBhE RSN, 1 T €S £ bR hfarBlky-694Fyd S bBANN)-4- methylbenzyl] -6-

cyclohexylphenol, bis[2-hydroxy-3-(3,5-dimethyl-4-hydroxybenzyl)-5-
methylphenyllmethane, bis[2-hydroxy-3-(2-hydroxy-5-methylbenzyl)-5-
15  methylphenyllmethane, bis[4-hydroxy-3-(2-hydroxy-5-methylbenzyl)-5-
methylphenyllmethane, bis[2,5-dimethyl-3-(4-hydroxy-5-methylbenzyt)-4-
hydroxyphenyljmethane, bis[2,5-dimethyl-3-(4-hydroxybenzyl)-4-
hydroxyphenyl]methane, bis[2,5-dimethyl-3-(2-hydroxybenzyt)-4-
hydroxyphenyljmethane, 1,1-bis(4-hydroxyphenyl-1-[4-(4-
20 hydroxybenzyl)phenyllethane, 1,1-bis(3,5-dimethyl-4-hydroxyphenyl-1-[4-(4-
hydroxybenzyl)phenyl]ethane, 1,1-bis(3,5-dimethyl-2-hydroxyphenyl)-1-[4-(4-
hydroxybenzyl)phenyljethane, 1,1-bis(4-hydroxy-3-methylphenyl)-1-{4-(4-
hydroxybenzyl)phenyllethane, 1,1-bis(2,6-methyl-4-hydroxyphenyl)-1-[4-(4-
hydroxybenzyl)phenyljethane, 1,1-bis(3,4-dihydroxyphenyl)-1-[4-(4-
25 hydroxybenzyl)phenyljethane, 1,1-bis(3,4,5-trihydroxyphenyl)-1-[4-(4-
hydroxybenzyt)phenyljethane, 1,1-bis(4-hydroxyphenyl)-1-[4-[1-(4-
hydroxyphenyl)-1-methylethyl]phenyl]ethane, 1,1-bis(3,5-dimethyl-4-
hydroxyphenyl)-1-[4-[1-(4-hydroxyphenyl)-1-methylethyl]phenyl]lethane, 1,1-
bis(3,5-dimethyl-2-hydroxyphenyl)-1-[4-{1-(4-hydroxyphenyl)-1-
30 methylethyl]phenyllethane, 1,1-bis(4-hydroxy-3-methylphenyl)-1-[4-[1-(4-
hydroxyphenyl)-1-methylethyl]phenyl]ethane, 1,1-bis(2,6-dimethyl-4-
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hydr oxyphenyl net hyl ) pyrogal | ol , 4, 6- bi s(3, 5-di net hyl- 4-

15hydr oxyphenyl net hyl ) pyrogal | ol , 2, 6-bi s(3-net hyl-4, 6-di hydr oxyph

enyl met hyl )-4- nethyl phenol, 2

, 6-bi s(2,3,4-trihydroxyphenyl net hyl) - 4- met hyl phenol, 1, 1-bi s(4-

hydr oxyphenyl ) cycl ohexane, 4, 4' , 4"-ethyl i di netri sphenol , 4-[ bi s(4-

hydr oxyphenyOret hyl ] 2- et hoxyphenol , 4, 4" 4(2- hydr oxyphenyOnet hyl ene] bi s[ 2
, 3-di net h£ phenol ], 40||[(3- 20

hydr oxyph MQWHWWBﬂeﬂ [1s@shysiresypBeny)t lonekyigthviipheayliethageyr oxy pAehy Oret hyl
eneibis[ i Lol 4 h hsl 3

0. Gl et g%endm&%ﬂgﬁgﬁ (4 F-(A-hgaroRysHemsH PRFRIGIBRhPYhePnsthihs|

hydr oxyphédrybis(te4, Bythbym'bwm{eayﬁ—m[mmt Myhlydreeyphényd)- 1 4( 3, 4-

di hydr oxyphe{‘H)y eﬂwmla'[gh%yl]gtﬂgkbi s [2,3,6-14 lsr(E% grﬁgwgltrim%iﬂy%ﬁén%zi)%cl oh

exyl-4

25hydr gxy h@droR r?nﬁémmt hyl] -1, 2- benzenedl oI 41 @-tis[9F(Bh-BintetApitdry 1- 4-
hydroxyphenyOTeth 1-1, 2, 3-benzenetriol, Zh

hydr oxyph M‘}fm'}wtlﬁepmpy[]%e'?@ﬁyl%ﬂ&'ﬁiﬁﬁ dnm& w-4-hysiragtphenyimetiyllpany 1- 3-
ylid ine)tr ,

b oA STeRORRRRL | bisd o0 grdimethylphenyl Zydroxyphenyimetnane,

tri s[(3 5 bisi(4rbytinpky-2, mymeihylphemwmm@mmrw zeﬁedbl§K4-bydr08y13r$-s[(3 5-

a4 1. [ 4o BTN RO b R I Bitpreimemppyyisopropyi-

et hyl I1phem{1,’h-—ti|s(4 hydroxyphenyl)ethyl]benzene 1-[1-(3-methyl-4-

ggf ?ygﬁ&hﬁ%y{%g? nty @pél I dﬁ?i[‘P St1132(3 methyl rxycrir%))(&llphennﬁtewll]ggﬁzné/%t hylTp he
2,6-bis[1-(2,4-dihydroxyphenyl)isopropyl]-4-methylphenol, 4.,6-bis[1-(4-
hydroxyphenyl)isopropyl]resorcin, 4,6-bis(3,5-dimethoxy-4-
hydroxyphenylmethyl)pyrogallol, 4,6-bis(3,5-dimethyl-4-

15  hydroxyphenylmethyl)pyrogallol, 2,6-bis(3-methyl-4,6-dihydroxyphenylmethyl)-4-

methylphenol, 2,6-bis(2,3,4-trihydroxyphenylmethyl)-4-methylphenol, 1,1-bis(4-
hydroxyphenyl)cyclohexane, 4,4' 4"-ethylidinetrisphenol, 4-[bis(4-
hydroxyphenyl)methyl]-2-ethoxyphenol, 4.4'-[(2-
hydroxyphenyl)methylene]bis[2,3-dimethylphenol], 4,4'-[(3-
20 hydroxypheﬁyl)methylene—]bis[z,6-dimethy|phenol], 4,4'-[(4-
hydroxyphenyl)methylenelbis[2,6-dimethylphenol], 2,2'-[(2-
hydroxyphenyl)methylene]bis[3,5-dimethylphenol], 2,2'-[(4-
hydroxyphenyl)methylene]bis[3,5-dimethylphenol], 4.4'-[(3,4-
dihydroxyphenyl)methylenelbis  [2,3,6-trimethylphenol],  4-[bis(3-cyclohexyl-4-
25 hydroxy-6-methylphenyl)methyl]-1,2-benzenediol, 4,6-bis[(3,5-dimethyl-4-
hydroxyphenyl)methyl]-1,2,3-benzenetriol, 4.4'-[(2-

hydroxyphenyl)methylene]bis[3-methylphenol],  4,4',4"-(3-methyl-1-propanyl-3-
ylidine)trisphenol, 4,4',4",4"-(1,4-phenylenedimethylidine)tetrakisphenol, 2,4,6-
tris[(3,5-dimethyl-4-hydroxyphenyl)methyi}-1,3-benzenediol, 2,4,6-tris[(3,5-
30 dimethyl-2-hydroxyphenyl)methyl}-1,3-benzenediol, 4,4'-[1-[4-[1-[4-hydroxy-3,5-
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5The vinyl ether used herein has the fornula tc-150 where R50 is
unsubstituted or substituted al kyl or unsubstituted or substituted
cycl oal kyl . Exanpl es of vinyl ethers include ethyl vinyl ether, butyl vinyl
et her, hexyl vinyl ether, octyl vinyl ether, decyl vinyl ether, ethyl hexyl
vinyl ether, 10 nethoxyethyl vinyl ether, ethoxyethyl vinyl ether,

chl oroet hyl vinyl ether, 1- nmethyl-2, 2-dinethyl propyl vinyl ether,

2-ethyl butyl vinyl ether, hydroxyethyl vinyl ether, diethylene glycol vinyl
et her, di rb&[ﬁynm%mﬂwlphﬁnuomeéwgg@nﬂlrhet hyl ani noet hyl vi nyl et her,

di et hyl am t ' VA aid Y

t et rahydr ﬁ%ﬁwgﬁ}q]&bf{:}wyﬁﬁé{ﬁ %%qelmgﬁédé P ﬁgﬁl{&?ﬁi’gyé gf{(%tﬁ%&%&liy}l}ﬁﬁethx\l]%hoer?&ljund t hat
can al so band amdtied therebf.t he, for exanple, hydroxystyrene/acrylate or
novol ak pol ymer/ pol yhydroxy conpound having 2 to 7 phenolic groups, is an
unsubstituted or substituted unsaturated heteroalicyclic conmpound auch as,

for exgnmple, 3;rhedidlydirer dbbdPMeih hadthe formulhe resin binders (1) to (5)
are made by m xing the conponents to be reacted without the need for a

catal yst. The net hofshs exenplified in the exanpl es bel ow, but typically
the reactions can be r\u*lD*KeNeen about 80C to about 140C for several hours,
for exanple 6 to 24 hours. 25 Al t hough any photoacti ve conpound may
be used i nwhene Ryods amssbstitutedoonrsutbstituted catlod Lerdursubstiluted or mubstiicted) a

t id i diatiqn, hot ' I
compos ¢ 1 neiPBRdel EXERpRe & SRS RGH e BT e fh Syt it
wavel engt exiovingx atfidre ocevinyl Bthennded0i vi)l uethey 86Fiheryl Vingl ether,
phot oqener ated acid deprotects the %I Cal i insoluhle oLymer O‘;‘ th$
phot orl@si seethgxyatiyd vnyorihee: ethaxyethyls viryly &gt O'PHRW &yl &lhehe T-
devel Oper.rhéthg- ,2@&9@2{5/@66@@{% ottty 2RAGISRY! By Lane:, WiiEdaanpRalps 2

strong acid, particu a sulfonic . Sui tabl e exanpl es of acid
gener at i ngetigrot shiethyleneveglgentpovinys eiteruddimeihylasirosathyli ¢ Xinybn ethesni ¢

phot oaci d ucs i Iy U a i { ts,
Curt oni um ATPFYRNEp3eR. Wik bt HibiiaiAsiy MhjPhkiy, LERRINITLER
sul f onyl oxjnyil sihdesetrahydrotuefiony vingLéthenanel thetlike setcand i mi dosul f onat es,

although any phot osensitive conpound that produces an acid upon irradiation
may bddused. The oniumsalts are usually used in a formsoluble in organic

sol vents, nostlay @mpOdRni wat otas Ulkfseni bun Edcted Wih exasplfes ekamplech are
di phenyliodoniumtrifluoronethane sul fonate, diphenyliodonium

nonaf | uor dWdrastysiefastuiate o RQvelrk-RAIYDEF/BAYOYAEXY FPTPBHRY REMBILIf bnat e,
tri phenyl al naf Lyor f i Gratb &K Pretdbafdyclisef ul

A S e S e RV

2004/ 0265788pousdRBackas, for 838MNES 3,Adittydo-2HIY081.0271974, and are 15

i ncor Bgr ated herein by reference. O her conpounds that forman acid upon
irradifati on that may be used are triazines, oxazol es, oxadi azol es,

t hi azol es, subJhietresrdbiddpiy ONes. (SPAES madd bysmiXiras thedesmpobetsi to be
US2002/ 0061464 are al s usef(gl ) Pheno| i ? sw]f oni % gsl ers
yst. o

trichl oroﬁ%@qﬁﬂt‘?’iﬁr&ﬂt g negd for a cata e met is exémplified in the
examples below, but typically the reactions can be run between about 80°C to

about 140°C for several hours, for example 6 to 24 hours.
25
Although any photoactive compound may be used in the photoresist,
commonly a compound capable of producing a strong acid upon irradiation, a
photoacid generator (PAG), of the novel composition is selected from those
which absorb at the desired exposure wavelength, for example, below 370 nm,
30 including 365 nm. The photogenerated acid deprotects the alkali insoluble
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sul f onyl net hanes, bi s- sul f onyl met hanesor bi s- sul f onyl di azonet hanes,

20tri phenyl sul foniuntris(trifluoronethyl sul fonyl)nethide,triphenyl sul fonium
bi s(trifluoromethyl sul fonyl)im de, di phenyli odoni um

tris(trifluoronethylsul fonyl)nethide,di phenyliodoni um

bi s(trifluoronethyl sulfonyl)imde, N hydroxynaphthalimde triflate, and
their honol ogues are al so possi bl e candi dates. 25 O her exanpl es of

phot oacti ve conpounds i ncl ude where R21-R23 are independently

(G - C8) al pylymer of tbie- m&)tatdststyo givesa polymet whick-isivasalubledndhe atkalineer i on,

n=1-20, and R20 i.s jndepe ntI sel ect ro

(Cl- C8) al SY&}OP%HBer ’&‘K}F@l'ﬁﬂ Ayt ADY dfé}ﬁ‘%ﬂ?% qsy/"%ﬁgﬁéfﬁtes a

furyl et hybtr&ﬂyacud %rtf&]a&l ki | sufahiet adiait sd.téméydmrmrés denid wepbiding,
(C1-C8)al k C8) al koxy substituted ngf)hth xtur(?s of hot oactive

ponpoundspgﬁgis%m%tb’e@rﬂl@@d‘dsﬂﬁﬁ udg.aighaut limitgi Q@dg@c&hoéoqql QEPﬁ'@ f8d an
i m de. g ftaﬂﬁtééf%:.&%gre@v%%ut%f Bﬁoﬁmmhﬁs %Iﬁhm{ﬁ%ﬂg geMnabAc, My be

|ncorpora n a range by sol ids, further from
0.3to 5 %@htsm%bysscdlamwfmw mgo:ﬂmds, héul <my$oxyo 'Qlld?a;\engmbe%dﬂy

ol e g R Ao heb ik, BOkbaRefly S 0,
further tma®pfduses ahtadid upon irradiation may be used. The onlum salts are usually
used in a form soluble in organic solvents, mostly as iodonium or sulfonium salts,
10 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 U.S. patent 6,991,888, US-A
2004/0265733, US Patent 7,358,408, and US-A 2005/0271974, and are
15 incorporated herein by reference. Other compounds that form an acid upon
irradiation that may be used are triazines, oxazoles, oxadiazoles, thiazoles,
substituted 2-pyrones. PAGS such as those described in US2002/0061464 are
also useful. Phenolic sulfonic esters, trichloromethyltriazines, bis-

sulfonylmethanes, bis-sulfonylmethanes  or  bis-sulfonyldiazomethanes,

20 triphenylsulfonium tris(trifluoromethylsulfonyl)methide, triphenylsulfonium
bis(trifluoromethylsulfonyl)imide, diphenyliodonium
tris(trifluoromethylisulfonyl)methide, diphenyliodonium

bis(trifluoromethylsulfonyl)imide, N-hydroxynaphthalimide triflate, and their
homologues are also possible candidates.
25

Other examples of photoactive compounds include
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of solids. Exanples of nitrogen containing bases include am nes, such as
triethylamne, triethanolam ne, aniline, ethylenediam ne, pyridine,

tettaal kyl ammoni um hydroxide or its salts (for exanple, tetranethylamoni um
hydr oxi de, tetranethyl ammoni um acetate, tetrabutylammoni um hydroxide, 5
tetrabut yl ammoni um acetate). Exanples of photosensitive bases are

di phenyl i odoni um hydr oxi de, di al kyl i odoni um hydroxi de, trial kyl sul foni um
hydr oxi de, etc. The base may be added at levels up to 100 nole % rel ative
to the photoacid generator. Although, thelterm base additive is enpl oyed,

ot her nmechani sns for rﬁrmval of acid a/@~possible, for instance by using
10t et r aal ky niu at’ts of volatil i! ds (e.g. CF3Cx2- ) or

nucl eophi | i i ds ), which respe vely renove acid by volati)ization
out of the d post - exposure bake or by reactibf of &obphi lic
moi ety with the &cid precursor carbocat|o (e.g. reacti o 0 - but yl
carbocation wt romde to formt-but romde). 15 HC T se of non
vol atil e am ne tives is al so poss Exanpl es of am nes woul d be ones
having a steri hi ndered structur as to hinder nucleophilic

reactivity whifg nmai ntaining basicitM? ow volatility and solubility in the
resist fornulation, such as a proton %ponge,
1, 5-di azabi cycl o[ 4. 3. 0] - 5-nonene, 20 1, 8-di azabicyclo[5, 4, 0] - 7-undecene,

cyclic akyl am nes, or polyether bearing €S SUcCR described in U S
Pat. No. 6, 274,286. The photoresist herei y 1@ n ot her components
such as agh and ot her secondary

itives,Osurfactants, dyes, pl Lzes
prfactant s are 25 typically conpoungs/ pol yners contai ni ng
fluorine or | COR—CORPOJONES, Whi ch can assiBt f o ng good uniform
phot or esi st at+0gs. Certain types of dyes may be used to provide
absorption of unwamted |ight. Plasticizers may be used, especially for
thick films, to assist in flow properties of the film such as those

contai ning sul fur or oxygen. Exanples of plasticizers are adipates,
sebacates 30 and phthal ates. Surfactants and/or plasticizers my be added
at concentratigns @anging fromO.1 to 0 }_A‘ei ght % by total weight of

1
solids int gﬁnﬂfl g t he phot oresi st
N

5 ut
conposi ti on
n' 2n+1 Nﬁ/

cfR?
yot gr esi st conposition. P
i ents of the
-8 -CQIRoR
Ry 0 CCly

pol ymers.

where R.;-Ro; are independently (C4-Cg)alkyl or (Cy-Cg)alkoxy substituents, X~ is
a sulfonate counterion, n=1-20, and Ry is independently selected from (Ci-

5 Cpglalkyl, (Cy-Cg)alkoxy, phenyl, styrylphenyl, (C;-Cg)alkoxy-styrylphenyl,
furylethylidene, (C1-Cg)alkyl substituted furylethylidene, naphthyl, (C-Cg)alkyl or
(C4-Cg)alkoxy substituted naphthyl. Mixtures of photoactive compounds may also
be used; for example, a mixture of a triazine and an imide. The photoactive
compound, for example, a photoacid generator, may be incorporated in a range

10 from 0.1 to 10 weight % by solids, further from 0.3 to 5 weight % by solids, and
more further 0.5 to 2.5 weight % by solids.

Bases may be added at levels from about 0.01 weight % to about 5 weight

% of solids, further up to 1 weight % of solids, and more further to 0.07 weight %
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5 photoresist are mxed wth a solvent or m xtures of solvents that

di ssol ve the solid conponents of the photoresist. Suitable solvents for
phot oresi sts may include, for exanple, a glycol ether derivative such as
et hyl cell osolve, nmethyl cellosolve, propylene glycol nononethyl ether,

di et hyl ene gl ycol nononet hyl ether, diethylene glycol nonoethyl ether,

di propyl ene glycol dinethyl ether, 10 propylene glycol n-propyl ether, or
di et hyl ene gl ycol dinmethyl ether; a glycol ether ester derivative such as
ethyl ~cel lobssilide Examples, ofetitggerc ebniseing casest inckideoaminesyysuahe agl ycol

nononet hyl r.acet a | at e ch a at e, I
acetate grﬁ%&éﬂém'%cm a ’é‘%‘h%’%’%ﬁ@r at e%mlﬁ#é %ﬂg‘%}gg(': te hpﬂ'l(mjé y

di ﬁt IhyI OX{détaéefrkaimghRﬁﬂﬂﬁydﬂixmmadbeits (#alﬂar(ﬁmmdam;lﬂedteﬂragiqtbyjhmnmmmmgs

et hyl ene yCco i acetate an ene 0 i acet ate r oxy
car boxyl athé‘g ax{ften a%tf%%‘hy!amfa%@'a e, AGRIHE ?%é%gmamm%}fmgﬂ@%?% and

et hyl - 3- hygrbttyiRhaRinAiat eaceaathjet OfRarfiles’ émcbha@saﬁéum PYadugt earar et hyl
pyr uvate an al ){<oxycar boxylic acid ester such as net

yl
3- et hoxypimtwulmﬂoelur@t hyydraxide, hoﬁgﬂﬁ?&’b@me hgﬂrﬁyqdeg trialkylsulfonium
o) 21BN bRP AR BEEe iy SELANCANIRIBIBR0 408 Boied, ELARRISHRE! vat ve

20 such as’nethyt “et hy cycl opent anone,
cycl ohexapbowaeid gehe;anmnoAH)OL@hkdhenmrrat base daaldlwﬁ |ls'eempblyed.s offi@rcet one

| cohol h | d
G 2ot ono PAPBAGIS | REL BIBRVALEh 4609 BPHRPBho/Tal AANEe. BLr H9RBI ve such

as di At hydipetymmenkim Sane o Yofatiie adts! ¢e. gaIOJFEQGD{) andumenpum@acrdser eof .

25 The pr epare phot or esi st conposition sol ution, roz ﬁgej ie cij fo a
subst r at e (&9 Binly Whigh aspestivaly AePavR agieeRy i"ﬂ'aWI'?@t'Bﬂcﬁué dhe g quringn e udi ng

di ppi ng, ?)BEF‘%! éﬂﬂuré"m ke! BE BN desdioR BPaé 'rﬁ@:leo\ﬁhﬁ’@ ARidty CRART 1@, abRr

exanple, the r st solution’can be adjusted h respect to the percentage
of solids pcemumcarmatlnn cﬂeaereacbolpobtﬂ"@ttlmwtléﬂ withebrgande tadformi ckness,
gi ven the &’Yjﬁ/ﬁb | nni ng equi pnent utilized and the anmobunt of tine

al | oned f(S hi ng process. Suitable substrates include, wthout

limtakion, sili con, copper, alumnum polyneric resins, silicon dioxide,
netal s, doped 'Iicon i oxid silicon trlde t ant al ol ysilicon,
ceram cs, al uni 'hﬁrHst?oB @P"rﬁﬁ?ﬂ?e@mmﬁa"{“ﬁ Ps@'ﬁ?déose?ﬁﬁé OEH%'% @36?1 G oup
11 1N COMp@HAES wadld be ondd BaiRgt #sestically taidred stitRee adabtotHiadslescr i bed
procedure are particularly suitable for apgrl i cation to copper  coated

waf ers, siehlegshitie ecagtivity waile maintaing raket & yolality AoFR&I¥B Isthend ot her
m niaturi g8der RERALALAT shed Gd1 4 FOBROGIRGE, 13 5-Blelb6RIS(4 3 6P5.dheb e vafer

can al so be used strate nprise’ vari ous pol yneric
resi ngp edpdiazabigyciofbi4,ef Yﬂoﬁewa;oamllngakylﬁhmembgt r polyethey beartgan

adhesi on pronDted | a o] 3 such as one containi ng
hexa- al kyRMY{'&Y ?lécf'a‘?%g '&’ gﬁ%ﬂﬁ PS g%g Sédtsl on solution is then coated
onto the substrate, 15 and the substrate is treated at a tenperature from
about 70 C. to_about 150 C. for from ahout 30 seconds to about, 6 m nutes on

a hot plate or Th8PholIRsighBereIn By FORMRINORRT GRMRRNENS RUSh 88 AJGEVPSNn oven.

Thi's te”p%hﬁhé't'é\ﬁtst dg@& ”BfaktlélieéelaﬁGtcﬁﬁeﬂ %ﬁrﬁﬂfy pelyhRAYC SuihGtap@NgRNt rati on
of residual solvent hot oresi st, while not causing substanti al

t her &b déypicallyt ¢Qmp@1ncts¥mlwn©|tsoaw@nnmgq§uem®rﬁ!@on 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

30 and phthalates. Surfactants and/or plasticizers may be added at concentrations
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20 I'n general, one desires to mnimze the concentration of solvents and
this first tenperature treatnent is conducted until substantially all of

t he sol vents have evaporated and a coating of photoresist conmposition, on
the order of 2-200 microneter (mcrons) in thickness, renmains on the
substrate. Miultiple coatings may be done to achieve thick filns. The
tenperature is fromabout 95 C. to 25 about 135 C. The tenperature and tine
sel ection depends on the photoresist properties desired by the user, as

wel | as t HangipgifiomeAt! iosatepus 10 waighier dvAeia) weiaht Péaolaﬂ:%df‘itﬁa photRIesisirhe
coating SQQﬁhkgh%nca” then be exposed to actinic radiation, e.g.

ultraviolet radiation, at a wavel ength of from about 300 nm (nanoneters) to
about 450 nm x-ray, electron beam ion beamor l|aser radiation, 30 in any

desired pattern roduceq, by  use af, suit abl. KS.p: i ncils,
tenpl ates, etc! Adiig 3',‘6 tﬂﬁpi%eﬂﬁ‘o9§?“8§%§"%sen§°'§3 §9®§8§§§%§ 5t} %

br oadband pHotstesiti afe misédWitcalisoivent or shirtures oblisbivahiscthat KilsdohBusise or

Per ki n El mer, broadband exposure tools nm and 365, nm St eppers

, althou 436
may al so BOlidsEIMPARES K olhgr BRoREesS: lngﬁt_"Spg‘glﬁ?ngIf?r IEsIst 84 post
exposur e %ﬁaearkﬂeﬁeﬁleégtaﬁﬁgg,tag of &fiat BRAVatRet SiRh Bebmye cellosHive methyl

devel opnent . eratures may range from about 90C. to about
150C. , f urceHesolye,oprioaiiene gipe monemetiyl 8w, digibylereglyeg! ragnermettwhduct ed

for from n 0 i nut h r econd
to about | 2 TeLIERBL0Reh" TRHE hét Eerorlhb ool AMERY e by "
PSR el e e S hod Som gl G i e

devel opi nS&l &ﬁ'f\@ﬁ"%rsuﬁb\?eﬁ Stﬁ'%cﬁg?sgﬁfeaﬁf:e&%\?e%ﬁ’én‘ierﬂg?‘?%%sagd#ﬁeogoI ution
can be agigrgpfehe P%ole%@ﬁah@thw;étnb% atetat@oeabbkyistts agth abki iyl ddetate,
substrates are allowed to remain in the devel oper unti] all, or

subst ant i dI-Pytyhiacetate and Y apeiaiest cabarylalgshat dbasis aeulsr suph tde
exposed ardiéfyioliuel QRE!diethiflah é@:ﬂgigﬁl‘b%xg@iéét b0YfcBE AUBDRS WhlEng! kal

met al hydr oxi e exanple roxide is tetramethyl amoni um
hydr oxiisde.glyaoh diacetate waheldpiopglene glycok digicatater ansh hpdroky earbaxytatesisuch

Addi tives,_ 20 su suyrf t a 4 ter
renoval of%% rﬂgﬁ"é( g%f:%gev%{bgﬁé&%{éo%q@%@\g/% %&:a%gtﬁ@éﬁl mrgﬁyskﬁﬁﬁﬁ?ﬂconduct
an opt i ondletqraséstde vativo psmndthiippiuvaieear etbplt pyouvdtaken aoxpearbazyictdud
R v e G L S
known in t ta. RSSBH rhifyeiodprobisndteda ketone Tgivheld owi ng
exanpl es p%&%ez ﬁg‘??’ggrﬁ| ustrati g‘trsl’s o?@?ﬂe met hoo?s c?fonper odulgi ng and
uti| i Z0ng stehmssinethyhsthyl keteae pacaidraceteng fyFlgRentaReRe @welahsxagorg r not

i nt ended, N At i~ JC j iWQn. i n any
30 vely and. B o e S e LD L s "o
val ues whikelormualcobel deriviative duelx ak Esietatloy diacetoniealcobolp tantenasesudieapr esent

et O SRR L an Y NEBL Dy oo SRR e, 2br o)
f r om DuPondimethylfG¥aharAide) aigwles BAd mixtures thereof.
25
The prepared photoresist composition solution, can be applied to a
substrate by any conventional method used in the photoresist art, including
dipping, spraying, whirling and spin coating. When spin coating, for example, the
resist solution can be adjusted with respect to the percentage of solids content,
30 in order to provide coating of the desired thickness, given the type of spinning

equipment utilized and the amount of time allowed for the spinning process.
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5 glycol nononethyl ether acetate) (81.9 gmsolid polyner), 5.0 gm

addi ti onal PGVEA and 10,45 gmethyl vinyl ether (0.1451 noles) were placed
in round bottom 3 neck 250 m flask, equipped with a condenser, a

t hernoneter and magnetic stirrer (Teflon coated magnet). The system was
sealed with rubber stoppers at the unused openi ngs and condenser top. The
solution was heated 10 gradually to 120C and kept at that tenperature under
adequate agitation for 12 hours and then was subsequently cooled to room

t enper at urSuitabie redstiars atdiyde,viwithbuketlinitatioas siitosct eeppear, t&lemyuint i on.

The th tical | i, d tent of thi | uti on. . 2% '
Sol ut i on veRbOEIeRN, <o deer M Anted AR uPAeR SRR e (s
measur ed Ugh@finh RijsiRonTBéMAfcs) dlimhuficobpepatixtagesy allalryarsenide and

y

hydr oxystyrene/t-butyl acrylate copolynmer before the reaction was 2.7

nm second qtber sucbdwond II/VenRRUNSS| uti on rate (as neasured using the test
nmet hod bel ow) of a coating from Exanple 1 was 0.25 nm second (2.5

Al second). 20 Exanple 2 - Polyner 2 87 gm of 50% sol ution of poly

hydr oxyst yr ene/Ttheb phgtoresisty cattingsopodduoed bg0Yies Girpciibed-@Evesedurs. 8regm sol i d

| _added t0,72. 1 gm.of,. 47. 1% ' / - hyd
vl ok, HETIGHAT gL (o Rlcelion toroopaSh bnal viire SLEY A5/Ac8 llegle 1 de
mese o, AT b bl e s uper o, 5 i
m o a I TI1I Ona an . X m e VI e er . nol es wer e
gl aced i n GoOmARNEB: t‘b‘iﬂi@’\@&q@"ﬂ@%ﬁ? V‘ﬁ?%( n %é‘ﬁpﬁﬁ’éﬁdmﬁ- gﬁ Sﬁbgt@*aéﬂ@ér, a
t her moget ﬁ!s@%ﬁn@gg@%rﬁugﬂcﬂﬁﬁéﬁd TefihregRatng dmigsTRiclive Toatiays BB vwas

e
seal ed w aru r stopper stoppers. The solution was heated gradually to
120C and keypstrate mhphave apeaditesion pradetechiiyauat @ sgitaklgicomnastiongfUE hour s

oot e ot AR oEAR Bt S L, 1 e et e

The photoresist composition solution is then coated onto the substrate,

15 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 photoabsorbing compounds.

20 In general, one desires to minimize the concentration of solvents and this first
temperature treatment is conducted until substantially all of the solvents have
evaporated and a coating of photoresist composition, on the order of 2-200
micrometer (microns) in thickness, remains on the substrate. Multiple coatings

may be done to achieve thick films. The temperature is from about 95° C. to

25 about 135° C. The temperature and time selection depends on the photoresist
properties desired by the user, as well as the equipment used and commercially
desired coating times. The coating substrate can then be exposed to actinic
radiation, e.g., ultraviolet radiation, at a wavelength of from about 300 nm
(nanometers) to about 450 nm, x-ray, electron beam, ion beam or laser radiation,

30 in any desired pattern, produced by use of suitable masks, negatives, stencils,

templates, etc. Generally, thick photoresist films are exposed using broadband

23



content of this solution was 50.3% and this solution was used as is in
further exanples. The dissolution rate (as neasured using the test nethod
bel ow) of a 5 coating of poly hydroxystyrene/t-butyl acrylate copol yner
before the reaction was 7.0 nnisecond (70 A/second). The dissolution rate
(as nmeasured using the test nmethod bel ow) of a coating from Exanple 2 was
0.412 nnfsecond (4.12 Alsecond). 10 Exanple 3 - Polyner 3 238.4 gm of
a 46. 8% sol uti on mcresol/formal dehyde novol ak i n PGVEA, having the

di ssol uti eadiaedre @ding . dqlEmentss esamdis( UItf);ﬂécW KadoBd3s (ars Pedds uEkaesi ng

the test nmethod below) (111.57 gm So ion 35 12 GI\SEA
74.62 gm 8foarbpap gxROBYr QO%PW;‘JHU ‘{ @dﬁ"’&ﬁ%ﬁ 35 T'88 bi s(4-
15 hydroxyghgnypet hyl ] benzene) (1.0364 noles) were placed |n a round

bottom 3 neck 500 nl flask equipped with a condenser, a thernometer, an
addition funnel and magnetic stirrer (Teflon coat ed magnet) The system was

sealedwi th a ‘rbep‘?{oﬁrg%Ban dtr%tn {;;%nta Eﬂe‘%i &PH&?‘%& oIl'}:% $8dHid on was

heat ed® gr adual | errper at er adequat e
agi t at i onbakingl oalHeat hmeéfRieﬁP-elmGr FUEfdnessmI aftat devgiomneny Thecheatinger at ur e

of the solution was then raigsed to 0 hyl
vinyl et h&8MPBIAtYIRS fhay fRNPes o 3P i;%ggg 3@?@%écﬁlcg’tﬁjpggover gggﬁﬁoﬁrs
period togavQi @ dbosIBOEC bid KBHin Th@be@chdMemfmmauedt 80 secodsnue at
this tenperature for another 20 hours and t he %0‘@ ntlx RLed to
room t enpé® abark3 miputess fulther fiorhabout §F peeq rtové’s"”g t gnigne

Solut hgn: plalé ot BEd! te:;dfbaéboix?%g@nﬁl%@tt?yrﬁon%cﬁdﬁ@véneaCt'On sol ution was

58. 6% and I'S so tion was us as is in further exanpl es. The
di ssolution rate (as measured using the test nmethod bel ow) of a coating

25767 am of 2 THE ARG B Se TR APale FMARE AR dertlober IE emie e,
havi ng thﬂndgé&ﬁieﬂékm&erdaaleasfbyum‘rm:onnhsaedevmioplmgmﬂﬂutmhsmdeuﬂoqext
measured using the test nethod be 11. 23

PN aud Dyasigey GaveIoPTe G ssksho T 19 s L Ean B8, A g ey, 2° O

bot t oy 3 HitesderciGstThghtAtRik THEWUBRREE dle AlowdrdRN&MAain dn tth@rd@omper an
addi tion funnel and magnetic stirrer (Teflon coated nagnet) st em was

seal ed wi tuntiballupbeubsiaatiallyralhtoftthe R%Ofﬁﬁ'sf reating des ?SO'Vﬁ%?}Q it on was
heat ed gr %Qg?é%d af’% @&ﬁ%gﬁ@u@é aht]@&ué %Emﬁ‘lbﬁ& LerarHH%furﬁQﬁ%ﬂélﬁ

agitationu di ssol ved conpletely. The tenperature of
t he sol ut |rmeta|101ydecs(|ddraen0na| sgample 0P 0. hytiBogdenis( tetsoRathyblasamoBiURY |  vi nyl

et her was t to the re chtWérS peri od
to avoid Wagcgiffee%ﬁtﬂﬁ egr%asregaaéﬁs%ﬁ %%rﬁoﬁ L%"%&a )@qﬁlr@e at this

t enpengt Uiseich @k saratheits, zﬁamelaad@mcb tHeedevw@auAﬁeqmmﬁ\Aayottb\el mmd) room
tenperature. No residual ethy &ztl et her was obsgrve i he fin

sol uti on ByAfesr ifigp nhet HSV%JBP'Ugl Ghe 008 MY SOPAUG ?BI PB onal np t of
this reactdeQBiopRidht | Hiat WRsatP@nt G Hakel 1 frchéddd! Hd coating's adhesion and

density of the photoresist. The imaged substrate may then be coated with
metals, or layers of metals to form bumps as is well known in the art, or

25 processed further as desired.

The following examples provide detailed illustrations of the methods of
producing and utilizing compositions of the present invention. These examples
are not intended, however, to limit or restrict the scope of the invention in any

30 way and should not be construed as providing conditions, parameters or values

which must be utilized exclusively in order to practice the present invention.
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was used as is in further exanples. The dissolution rate (as neasured
using the test nethod below) of a coating from Exanple 4 was 0, 00651

nm second (0.0651 A/second). 20 Exanple 5 211.53 gmof a 46.5% sol ution

m cresol / f or mal dehyde novol ak in PGQVEA, having the dissolution rate of
0.1700 nm second (1.700 A/second) (as neasured using the test nethod bel ow)
(98.36 gmsolids), additional 31.98 gm 25 PGVEA and 65.49 gm of TRI SP-PA
(0.1544 noles) were placed in a round bottom 3 neck 500 m flask equi pped
with a condenser, a thernoneter, an addition funnel and magnetic stirrer
(Tefl on coated magnet). The system was sealed with a rubber stopper at the
top of t h&ExaamiRhsE0YMee! sol uti on was heat ed gradually to 110C and kept at

that temperat Ungagndgh Bfleghal escfiiohaldf 0Boj0 hydtdwystdne/RBudR Sftyiate

di ssol ved conpletely. The tenperature of the solution was then raised to
120C. 38. gogaty(rer §eM61%s10,800 Mw;\avajlable fregr Dugent He PGMEAC@ RNS to t he
reactiQn nj r efd i sur, i The
reaction \rgéy;&%glnfoon%e\‘rgétp@ %{5%[ ité(rafg{eat@t (dtﬁ?]s(ﬁ) esr%%gr%tl rgﬁ’f gi@ not deélﬁiﬂrggl hour s
and t hen @GMEAbasdUeMS gt etiykdirtyb etheo r(0tidapenales) averelplaesd duadurst hy|

The st hodobTedi e 2 b iReecibher ot o 8Pndinsah 4 ARGAAqkBRaEAAG, OF
this sol utrhgghetieSstinee Taflon Toafed widgner). Txeng)istem was sealBtewithsiwbbat i on

rate (as neasured using the test nmethod bel ow) of ﬁ coating fr mExdarrpIe 5
was 0. 032 Fionpeszabihe ygp@opg@ggﬁ@p_d condenser top. The solution”"was heate

10  gradually to 120°C and kept at that temperature under adequate agitation for 12
hours and then was subsequently cooled to room temperature. No residual ethyl
vinyl ether was detected in the solution. The theoretical solids content of this

solution was 51.52% and this solution was used as is in further examples.

15 The dissolution rate (as measured using the test method below) of a
coating of poly hydroxystyrene/t-butyl acrylate copolymer before the reaction was
2.7 nm/second (27 A/second). The dissolution rate (as measured using the test

method below) of a coating from Example 1 was 0.25 nm/second (2.5 A/second).

20 Example 2 - Polymer 2
87 gm of 50% solution of poly hydroxystyrene/t-butyl acrylate copolymer
(60%/40%) in PGMEA (43.5 gm solid polymer) was added to 72.1 gm of 47.1%
solution of m-cresolfformaldehyde novolak, having a dissolution rate of 73.0
nm/second (730 A/second) (as measured using the test method below), in
25 PGMEA (33.96 gm solids), 5.15 gm of additional PGMEA and 10.41 gm ethyl
vinyl ether (0.14458 moles) were placed in round bottom 3 neck 250 ml flask,
equipped with a condenser, a thermometer and magnetic stirrer (Teflon coated
magnet). The system was sealed with a rubber stopper stoppers. The solution
was heated gradually to 120°C and kept at that temperature under adequate
30 agitation for 8 hours and then was subsequently cooled to room temperature.
No residual ethyl vinyl ether was detected in the solution. The theoretical solids
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10 Exanple 6 146.3 gmof a 47.1% solution mcresol/formal dehyde
novol ak i n PGQVEA, having the dissolution rate of 72.8 nm second (728

Al second) (as neasured using the test nmethod bel ow) (68.91 gm solids),
addi ti onal 30 gm PGVEA and 45 15 gm of TRI SP-PA (0.1061 noles) were pl aced
in a round bottom 3 neck 500 ml flask equi pped wth a condenser, a
thernoneter, an addition funnel and magnetic stirrer (Teflon coated
magnet). The system was sealed with a rubber stopper at the top of the
condenser .cohifentsail thisi sslutias whae B8P sgaradi s |splution 148Cuaed dsejst inafurthieat
tenperature under adequate agitation until all the TRl SP-PA 20 dissol ved
conpl et el yEXafRles-enperature of the solution was then raised to 120C. 27.7
gm (0. 3847 nol es) ethyl vinyl ether was then added slowy to the reaction

m xture over a _1/2 hour period to avoi dcfr essure bui l dug. The reacti on was
al | oned to contliheudisselution Jatee (Rse MpagHEET Ypingnihentast 1oethed kelawy af en was

subseqguent . t : Sl j ent of
this gg’ r eéé’\cétmﬁg(r?# §§Iyur&dééé&gg£&?é%%%cmat}%? ol uﬁééﬁ@v%éq%%e ﬁ@&% S in
further exaopinesecond (70 Alsecohd)s Thedissolutionaateatsmassured usingithe test t est

nmet hod bel o of a coatjn sing.the solution fro le 6 S

det ect abl é“év d ?‘?'9""&0er §98$atl§'@g(§"é’%l ) I? %Wﬂs&%%ﬁﬂ‘%e&@ﬁ@ S‘Qgﬁr (based

on tetramegh ni um hydr oxi de, available from AZ Electronic Materials
Corp., NJ, Uég; J Exanpl e 7 132.5 gm of a 471% sol ution

m cresol / f or mal dehyde novol ak i n PGVEA, having the dissolution rate of 72.8
nm second (728 Als n as neasured 5 using the test nethod bel ow) (62.4
gm solﬁds)émlﬁz'}&gﬁgf E)'TRI SP- PA (0.05283 nol es) were placed in a round
bottom 3 neck 2380 gin 6f @96.826 solfied mictdsolfaroatiEhyde nosiokaken MGMES;, an

addi tion funnel and magnetic stirrer (Tefl on coated, magnet). The system was
sea: ei:l Wi trlFJ?Vé[‘Qriﬁ‘Stfﬂ‘is%lﬂ' iﬁFe ﬁft(l)-ﬂﬂgoln S%qorldh‘é'@fg/éﬁgg?(s (2?ﬁé“§%ﬁ‘{5¥ on was

heat ed grqsyi@ Fyeaﬁgt ﬁ%@g@%@@p@n%ﬂ tsoldsf, HBRIGHaY BS. 1PNgRY Paecmat e
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et her was then added, s] o to the actjon m xture aver a 1/2 hour,period
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t enper at ur g FoARPHAS! eduiPpdPWits aldipRiehterasthemabmbter car agamidh funnel
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62. 4% and and nagnetic i diverd3 efiere goated magnet)uThgesydsAnpRe sealed with a e
di ssol ut | | REert &Rk sTRItBAAvRChONBATgr lm?ttbng
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120°C. 43.5 gm (0.604 moles) of ethyl vinyl ether was then added slowly to the
reaction mixture over a 2 hours period to avoid pressure buildup. The reaction
was allowed to continue at this temperature for another 20 hours and then was
subsequently cooled to room temperature. No residual ethyl vinyl ether was

25 detected in the solution. The theoretical solids content of this reaction solution

was 58.6% and this solution was used as is in further examples.

The dissolution rate (as measured using the test method below) of a
coating from Example 3 was 0.044 nm/second (0.44 i\/second).

30
Example 4:
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in Exanple 1, 21.271 gmof Resist Exanple la (below), 1.3 gmof a 20%
solution of Lutonal M40 (polyvinyl nethyl ether, available from BASF) in
PGVEA, 0.123 gmof a 5% solution of Mnazoline C (imdazolinium conpound,
avail able fromUniquem1Cl) in PGVEA and 0.005 gm of APS-137 surfactant
30(available fromD. H Litter Co., Elmsford, NY.). Resi st Exanpl e
| a was prepared by dissolving 0.55 gm of

Ntrifl uoromet hyl sul fonyl oxy-1, 8-naphthalim de (hereinafter NIT) in 14.279
gm cycl ohexano@87.6%. §66 ofmaf4@B8% solutivhom-ofesbifioonaldehyde hovatak/ElR, 80. 05

f th | i . d Exa d 0.439 171% sol ut
O Bt r 1 ot KRR RRaRS TR HESelkiine fabiea Toodalysscerd (A Afbetdnds &y o' ©"
formul ati %é@%%d)ﬁgﬂgrtﬁg fa¥t fHetsed i) Q4 55@@49@@&763)\" éﬁdltran a%8§ngm

cycl ohexanone the solution prepared in anple 2, 4581 gm 10
30% sol ut IRGMBA and A8 lm PGVIBASPeP 4 48. 1§ A8 gholes) wrre cnla@%mn & round

trieth noI e n g pution of
APS- 133 su;6 a@’f adnp el n%&@lﬁla%s%@@aﬂ%ﬁyggqgﬁé rH]eﬁ‘eg?oﬁ% %/énra%atl on was
pr epar ed la;ddduoasfohnélmmd) ni’eﬁﬁle@imsﬁfreNl(‘ll‘eﬂom 8odted gnaGGNEAT hé Bydeen gvasof t he
sol ution pre i 8, am a 20% sol u f..Lutonal M 40
1 PaVEA, SBa6A0u A FRHERGRIORRE e MeniRoob Ind, ePARRTeEs  THA Pl D,

Resi st Exa@Bte Tgl'adually to ﬂilmP@ arnaadeiat af patengidranurevander agegede Byitatigsol vi ng
0. 265 gm of NI 41.213 gm of the solution prepared in

Exanpl e 4 untialsthe d W%Bﬂf g’ldgﬂd‘@ﬂ %%BP'?W;L\Hr dHhpstemparaire iRfiihe salytignat )
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solution in gm of 25 % sol uti on onal M40 1 n PGQGVEA,
0. 047 gm tadded Istavdy @smtmne r@emmoo roixtugenoxPsal1Bs hours petiedto ameisd presENl e 4b

buildup. The reaction was allowed to continue at this temperature for another 20
hours and then was subsequently cooled to room temperature. No residual ethyl
vinyl ether was observed in the final solution by stripping the solution. The
15  theoretical solids content of this reaction solution was 58.7% and this solution

was used as is in further examples.

The dissolution rate (as measured using the test method below) of a
coating from Example 4 was 0.00651 nm/second (0.0651 A/second).
20
Example 5
21153 gm of a 46.5% solution m-cresol/formaldehyde novolak in
PGMEA, having the dissolution rate of 0.1700 nm/second (1.700 Z\/second) (as
measured using the test method below) (98.36 gm solids), additional 31.98 gm
25 PGMEA and 65.49 gm of TRISP-PA (0.1544 moles) were placed in a round
bottom, 3 neck 500 ml flask equipped with a condenser, a thermometer, an
addition funnel and magnetic stirrer (Teflon coated magnet). The system was
sealed with a rubber stopper at the top of the condenser. The solution was
heated gradually to 110°C and kept at that temperature under adequate agitation
30 until all the TRISP-PA dissolved completely. The temperature of the solution
was then raised to 120°C. 38.8 gm (0.539 moles) ethyl vinyl ether was then
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This resist fornulation was prepared by dissolving 0.263 gmof NIT in 30

6. 034 gm of cycl ohexanone, 41.33 gmof the solution prepared in Exanple 4,
14.542 gm 55% PHS/t - BA (60: 40) pol yner solution in PGQVEA, 10.14 gm 47. 1%
cresol /formal dehyde solution in PGQVEA, 3.745 gm of a 20% sol uti on of

Lutonal M40 in PGVEA, 0.059 gmtriethanol amne and 0.01 gm APS- 137
surfactant. Resist Exanple 5 5This fornul ati on was prepared by bl endi ng

61. 552 gm of Resi st Exanple 5a (below) and 61.26 gm of Resist Exanple 5b
(bel ow) . added dRe6lySH thsaeatidrbmimas evepmnéd hoyr geges to iavgidp@38ugm of NI T

in 3.9 gm PGVEA _60.519 gm of the solutj d Exanpl e, 5, .3
559 Pris/ { DUlGURAToisA89" BaRyHENed 3 GOTUTS B PRVERPOTuGH BT GROratt O

cresol /for i j 7 1 Lut I
901 PGS B ffer Bl Sbkhd Bniffbdled S0 fdort et A e ae il 157"

g ur8 g gct gntvjn)ﬁl;@h@t WHs aofpgesveash imdke ;jmb@wionyb\disggmiqg ,ﬁge Golgiongths NI T in
o 21,2, RS s SR BTl AR08 2 B 222

cresol / f orvid gidayakeisSo furtieo exampRSVEA, 5. 819 gm of a 20% sol uti on of

Lutonal M40 in PGVEA and 0.005 gm APS-137 surfactant. 20 Resist Exanple 6
This fornmulation is a blend of 35.077 gm of Resist Exanple 6a, 9.811 gm of

Resi st Exanpl e 16, did86lufor? $dted(BsOmeasdredl Ysibgeme! tekpmmathoe aslewneial ak
solution in PGVEA 25Resist Exanple 6a was (rog&ar ed by dissolving 0.4 gm

NI T in 9. ogting fromobxamapleriewas 9.0327 gim/sece ifssrOM)epar ed i n Exanpl e
6, 5.75 gmof 30% Lutonal M40 solution in PGVEA, 0.44 gmof 17.7%

trieth&nol amine solution in diacetone al cohol and addi ng 0.01 gm APS- 137

sur f act antExadifResi st Exanple 6b is a blend of 45.9 gm of 50% sol ution of
PHS/ t- BA (60: 4%%6!3”95%49”% ggl'uillog m-greesé%ﬁ}om%mlyge Er518\'/olak in PGMEA,
having the dissolution rate of 72.8 nm/second (728 A/second) (as measured
using the test method below) (68.91 gm solids), additional 30 gm PGMEA and 45
15 gm of TRISP-PA (0.1061 moles) were placed in a round bottom, 3 neck 500 mi
flask equipped with a condenser, a thermometer, an addition funnel and
magnetic stirrer (Teflon coated magnet). The system was sealed with a rubber
stopper at the top of the condenser. The solution was heated gradually to 110°C
and kept at that temperature under adequate agitation until all the TRISP-PA
20 dissolved completely. The temperature of the solution was then raised to 120°C.
27.7 gm (0.3847 moles) ethy! vinyl ether was then added slowly to the reaction
mixture over a 1/2 hour period to avoid pressure buildup. The reaction was
allowed to continue at this temperature for another 19 hours and then was
subsequently cooled to room temperature. The theoretical solids content of this
25 reaction solution was 56.87% and this solution was used as is in further

examples.

The dissolution rate (as measured using the test method below) of a
coating using the solution from Example 6 was not detectable over 2.5 hours of
30 development with AZ-300MIF developer (based on tetramethylammonium

hydroxide, available from AZ Electronic Materials Corp., NJ, USA).
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Resi st Exanple 6¢c was prepared by dissolving 0.336 gm N T in 2.118 gm

cycl ohexanone, 6.514 gmof a 30% sol ution of Lutonal M40 in PGVEA, 43.324
gmof a 50% solution of PHS/t-BA (60:40) in PGVEA and 0.193 gmof a 17. 7%
5sol ution of triethanolam ne in diacetone al cohol. Resist Exanple 7 This

formulation is a blend of 27.456 gm of Resist Exanple 7a, 11.847 gm of
Resi st Exanple 6b and 5.92 gmof a 47.1% cresol/fornmal dehyde novol ak 10
solution in PGQVEA Resi st Exanple 7a was prepared by dissolving 0.42

gm N T in 9.754 gm cycl ohexanone, 5.741 gm of a 30% sol ution of Lutonal
M40 in PQVEA, 9.787 gmof the solution prepared in Exanple 6, 89.54 gm of
t he sol utl%ﬁ‘”ﬁﬂl%ﬁared in 15Exanple 7, 0.465 gmof a 17.7% sol uti on of

triethanol am nq 32% ghased @‘ﬂqwh@mﬂ&& BSOS A SIEERYdARSYAAY s PGMAEAANT .
Resi st Exanpl e his fornul ation wassg/ epared by bl endi ng

15. 081 gmhasfmgstheEdBBpluuorBaa@OOfaﬁa 8 novseognd RFeB sAV/sekanghl (asgmeasured Resi st

oy el ohSarsi 1 T83 st BebRg e i Sroedl st 202, 6 D BERISE-PAy 35 g
of the sol(glo5e83 Mislpsy @drd plabaaimp aerodind GoRogm3dheak 300 ?‘l%ﬂm;lkmql.ﬂppelf 25
triethanolam ne in di acetone al cohol @38%90 004 %m APS- 137 Eﬁurfgﬁ%ﬁa

Resi st ExaHi) %Cgﬁd%rpﬁ' Kissmemetsss gn N fgnre! 20dgRaggssc; slirgr

cycl ohexaneg d magred ”TI‘Pé syEANRAs %éled vﬂi@pamei‘@t ;)e%diQP(e?c@é of tan of
PHS/ t - BA (60/ 40 pol i " PGQVEA) , Smof a 17. 7% sol uti on of 30

t ri et hanolceniaesdrn diea(SétlkHﬁ@ WR&omRﬁte‘én@fa ually don 95C1 3nds keptagt dhat
0. 565 9 NPPERtYEognglel opashdEae ol @it Con T TR FA Hemiage! v "o
novol ak, Xbmfletgin oThRdae;mperaﬂxarqjlthe Gajutmndv@s 68N misast tCRéED%G 159<anpl e 6b.

(0.2639 moles) ethyl vinyl ether was then added slowly to the reaction mixture

over a 1/2 hour period to avoid pressure buildup. The reaction was allowed to

continue at this temperature for another 4.5 hours then it was cooled to room

15 temperature. The theoretical solids content of this reaction solution was 62.4%

and this solution was used as is in further examples.

The dissolution rate (as measured using the test method below)of a
coating using the solution from Example 7 was not detectable over 2.5 hours of
20 development with AZ-300MIF developer.

Examples of resist formulations

Resist Example 1

25 This formulation was prepared by mixing 17.4 gm of the solution prepared
in Example 1, 21.271 gm of Resist Example 1a (below), 1.3 gm of a 20%
solution of Lutonal M-40 (polyvinyl methyl ether, available from BASF) in
PGMEA, 0.123 gm of a 5% solution of Monazoline C (imidazolinium compound,
available from Uniguem/ICl) in PGMEA and 0.005 gm of APS-137 surfactant

30 (available from D.H. Litter Co., Elmsford, N.Y.).
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5 Conparative exanpl es: Resist Exanple 10 Resist Exanple 8b al one was used.
10 Resi st Exanple 11 This resist formul ati on was prepared by

di ssolving 0.306 gmof NIT in 6.73 gmcycl ohexanone, 61.9 gm of 50%

PHS/t - BA (60: 40) polynmer solution in PGVEA, 31.556 gm 47. 1%

cresol /formal dehyde solution in PGQVEA, 9.7 gmof a 15 20% sol uti on of
Lutonal M40 in PGQVEA, 0.814 of a 5% Monazoline C solution in PGQVEA and
0.01 gmof APS-137 surfactant. Test procedures: 20 Dissolution rate
measurenent:  Resist Examplecta wagprepasad by dissehing @5pgm af Nrerent pol yners

and bl endﬁnf%% IP%‘WESSE‘?OI‘@WJ%I ﬁ%;ﬂhﬁaa%ﬂé '(r(?f%}lefn%'itgr %Iﬁﬂléﬂf maueous

devel oper res '8Sol on rate of coatl gs of these
pol yners myelpaémiwdmderssslgm basommtm afdndiondl b4 in®GMEAPBD.O5Igm

interfero trlctechnl as ch th k
during dewt¥paeiHion gre %&S%é% Fﬂ% 587‘ %?QJ%Q? e*&fﬁ?il:‘tp PIGI(\:/ERelsz

spi n cgat qﬁetﬁgnggmﬁwgﬁ ((,Q@tgﬁ@hi&bhgl silazane) prined 4" Si wafer for 40
seconds 2- The coated wafer is baked at 110C hot plate for 3 m nutes 303-

The coated wafer is placed in a Perkin El mer dissolution rate nonitor (DAM
devel oper ﬁeas,'ﬂs!i Eg(gmp% Bi ng 300M F devel oper at room tenperature.

This formulation was prepared by dissolving 0.55284 gm of NIT in 14.284
gm cyclohexanone, 79.985 gm of the solution prepared in Example 2, 4.581 gm
10 30% solution of Lutonal in PGMEA, 0.438 gm of 17.7% solution of
triethanolamine in diacetone alcohol and added 0.04 gm of a 30% solution of
APS-137 surfactant in PGMEA.

Resist Example 3

15 This resist formulation was prepared by dissolving 0.296 gm of NIT in 9.14
gm PGMEA, 67.443 gm of the solution prepared in Example 3, 2.068 gm of a
20% solution of Lutonal M-40 in PGMEA, 0.049 gm triethanolamine and 0.01 gm
APS-137 surfactant.

20 Resist Example 4a
This resist formulation was prepared by dissolving 0.265 gm of NIT in
6.024 gm PGMEA, 41.213 gm of the solution prepared in Example 4, 14.651 gm
55% PHS/t-BA (polyhydroxystyrene/t-butyl acrylate) (60:40) polymer solution in
PGMEA, 10.118 gm 47.1% cresol/formaldehyde solution in PGMEA, 3.719 gm of
25 a 20% solution of Lutonal M-40 in PGMEA, 0.047 gm triethanolamine and 0.01
gm APS-137 surfactant.

Resist Example 4b
This resist formulation was prepared by dissolving 0.263 gm of NIT in
30 6.034 gm of cyclohexanone, 41.33 gm of the solution prepared in Example 4,
14.542 gm 55% PHS/t-BA (60:40) polymer solution in PGMEA, 10.14 gm 47.1%
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The dissolution rate of the polyner is neasured statically (w thout
agitation) using the DRM for over two hours tinme. 4- The data is plotted
and the dissolution rate for the polynmer coating is extracted. 5 Resi st
preparation: The resi st sanples were prepared by dissolving the
solids and pol yner solutions as well as all the resist conponents together
in plastic round bottles by rolling themon nechanical rollers for several
hours until all solids are dissolved. 10 Resist test: Resist coatings are
prepar ed eresolfformbkichyds solgtispimPGMEA,&)74mdmicila 20fecolution efdattenklwaf er s

produce 40v8AR ARMERPEa SrLeeuridigd Aor WAL AT AR B o
their viscosities. The coated resist is exposed to patterned inage

with intense radiation in the range of 365 - 436 nm broad band wavel engt hs,
t hen post Resisé&Xp@Plaked (PEE3) at 90C for one ninute. The exposure tool

used fg@r such te : ! H&?ﬂf‘é wer e

devel o;g)ed for a élf‘ég@?'gﬂéﬁ’%ﬁ?g%@'%@ggmﬁ e mdky?mgéﬁp%zggg(s)yl\ﬂ\e%&ggl\?el oper
and ri nsedavpelowPandtl 26 gm of ReskEt Exampiasdb (Ralewk.ns wer e exani ned usi ng
el ectron mcroscope. The quality of the pattern was characterized by the
st eepness of the pattern side walls, the 25 degree of resist foot at the

waf Ier subst Ei at aeg@ﬂskmﬁremh/as pegpateg b idissblvingf 0.88@ grreef NIT h\:}ﬁ.geﬁ?l ve 10
pmlines and spaces wit i integrity. Rg_Ylt1l ative
pol ymer r &tG¥EAE0-3il P %gr@g W‘Wﬂlgpfi?ﬁ’%ﬁg "g":réa'?‘ﬁéq ? %%%FP%%'@E% ésul ts

are gijgen Bﬂ“ddﬂ@){tp%tyn?erbﬁltﬁi@n in PGMEAAY §.0b5¢rm B8 894 tiedol/fdrmalddhyass of
Resi st Exanpl es to 9 produced resist patterns with steep sidewal l

profiles satitianieREMEA, 3.64i051 of 330 %0sPldtiprsefddiional 84-40 in FGMEA, 0.15
gm 2,6-diisopropylaniline base and 0.005 gm APS-137 surfactant.

Resist Example 5b was prepared by dissolving 0.401 gm of NIT in 3.897
15 gm PGMEA, 60.369 gm of the solution prepared in Example 5, 22.42 gm 55%
PHS/-BA (60:40) polymer solution in PGMEA, 15.104 gm 46.5%
cresol/formaldehyde solution in PGMEA, 5.819 gm of a 20% solution of Lutonal
M-40 in PGMEA and 0.005 gm APS-137 surfactant.

20 Resist Example 6
This formulation is a blend of 35.077 gm of Resist Example 6a, 9.811 gm
of Resist Example 6b, and 2.981 gm of a 47.1% cresol/formaldehyde novolak
solution in PGMEA.

25 Resist Example 6a was prepared by dissolving 0.4 gm NIT in 9.8 gm
cyclohexanone, 99.91 gm of the solution prepared in Example 6, 5.75 gm of 30%
Lutonal M-40 solution in PGMEA, 0.44 gm of 17.7% triethanolamine solution in
diacetone alcohol and adding 0.01 gm APS-137 surfactant.

30 Resist Example 6b is a blend of 45.9 gm of 50% solution of PHS/t-BA
(60:40) in PGMEA and 50.1 gm Resist Example 6c¢.
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resolving 10 pmstructures with full height in 40 pmthick fil ns.
Conparative 5 Resist Exanples 10 and 11, using the unnodified (not acetal

bl ocked) PHS/t-BA copol ynmer as used in the above exanpl es al one or bl ended
wi th novol ak resin produced either poor adhesion, causing the |oss of sone
10 pmresist patterns, or produced concave profiles and unresolved 10 pm
lines. 10The relative polynmer conposition of each resist formulation and
testing results are set forth in the table bel ow. Acet al bl ocked
novol ak was excluded fromthis conparison si nce such bl ocked novolak resins

in general wl ire Ion 1]
resist t hi ckne S'SP ;5?@8?@1 @ﬂ?@g rﬁéﬁ@@%@@h dn(?gg? gﬂl ﬂlgl; @u%qas
typi cal dicgaieheskdrone! 8154 dqrmobs 36208010tickD6f Lutodl MO PGMEM d3324 ess
Therefore this can be used a pS&par atlé’%'ﬁég | e ig show, tqgt cet al
bl ocked bigBhaka §PTmeRIWlIKOIIASHR ;E‘)qu SRALPLR 1348 Resi st
9, progucegf @Wh lif Shatetdralatdiolof clearing 40 pmresi st
t hi ckngssglorllﬁigh g?ﬁé% m nuteels da%vel opnent times. o0 146 46 45 z 000
.92V 0 0 0 z ET) ..21z z z a. 1-2ai co CD 03 O- Ti) rc 15 rtfi 1741:n

Resist Example 7

This formulation is a blend of 27.456 gm of Resist Example 7a, 11.847 gm
of Resist Example 6b and 5.92 gm of a 47.1% cresol/formaldehyde novolak

10  solution in PGMEA.

Resist Example 7a was prepared by dissoiving 0.42 gm NIT in 9.754 gm
cyclohexanone, 5.741 gm of a 30% solution of Lutonal M-40 in PGMEA, 9.787
gm of the solution prepared in Example 6, 89.54 gm of the solution prepared in

15 Example 7, 0.465 gm of a 17.7% solution of triethanolamine in diacetone
alcohol and 0.01 gm of APS-137 surfactant.

Resist Example 8
This formulation was prepared by blending 15.081 gm Resist Example 8a
20 and 2.944 gm Resist Example 8b.

Resist Example 8a was prepared by dissolving 0.241 gm NIT in 7.93 gm
cyclohexanone, 3.4 gm of a 20% solution of Lutonat M-40 in PGMEA, 39.38 gm
of the solution prepared in Example 7, 0.2 gm of a 17.7% solution of

25 triethanolamine in diacetone alcohol and 0.004 gm APS-137 surfactant.

Resist Example 8b was prepared by dissolving 0.41 gm NIT in 6.513 gm
cyclohexanone, 2.21 gm of Lutonal M-40, 100.927 gm of a 50% solution of
PHS/t-BA (60/40 polymer in PGMEA), 0.195 gm of a 17.7% solution of

30 triethanolamine in diacetone alcohol and 0.01 gm APS-137 surfactant.
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9.. z Clains: 1.A photoresist conposition conprising a resin binder
selected fromthe

Resist Example 9
This resist formulation was prepared by dissolving 0.665 gm NIT in 8.799
gm of a 47.1% solution of m-cresol/formaldehyde novolak, 17.71 gm of Resist

Example 6a, and 8.699 gm of Resist Example 6b.

5
Comparative examples:
Resist Example 10
Resist Example 8b alone was used.
10

Resist Example 11
This resist formulation was prepared by dissolving 0.306 gm of NIT in 6.73
gm cyclohexanone, 61.9 gm of 50% PHS/-BA (60:40) polymer solution in
PGMEA, 31.556 gm 47.1% cresol/formaldehyde solution in PGMEA, 9.7 gm of a
15  20% solution of Lutonal M-40 in PGMEA, 0.814 of a 5% Monazoline C solution in
PGMEA and 0.01 gm of APS-137 surfactant.

Test procedures:

20 Dissolution rate measurement:

This test was used to characterize different polymers and blends of
polymers for their dissolution rate in alkaline aqueous developer. The process
compares the dissolution rate of coatings of these polymers prepared under
similar coating conditions, using optical interferometric technique to measure the

25 change in coating thickness during development.

1- A 35% solids solution of the polymer in PGMEA is spin coated on an
HMDS (hexamethyldisilazane) primed 4" Si wafer for 40 seconds
2- The coated wafer is baked at 110°C hot plate for 3 minutes
30 3- The coated wafer is placed in a Perkin Elmer dissolution rate monitor
(DRM) developer tank containing 300MIF developer at room temperature.
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5group consisting of (1) a reaction product forned in the absence of a
catal yst between (i) a novol ak polyner, (ii) a polyhydroxy conpound havi ng
2 to 7 phenolic groups, and (iii) a conpound selected froma vinyl ether
and an unsubstituted or substituted unsaturated heteroalicyclic; 10(2) a
reaction product fornmed in the absence of a catal yst between (i) a novol ak
polymer, (ii) a polynmer conprising substituted or unsubstituted

hydr oxystyrene and acrylate, nethacrylate or a m xture of acrylate and

met hacryl ate, (The dissojltiongatenef/the patymesds easuraskstaticaly dvidkewtd by t- butyl
or other acid |_ahi Ie QU or tertiary carbon atom
next to the ox;?gg#oil)g{%%@h%@g@é@s%{ﬁ%%ﬁg,aggﬂﬁg'(i ii) a conpound sel ected

froma vinyl 4etTherdatais plottechand tid dissatatioor rasel brtthe polycthercoating &t ed

het eroal i cycli c; ég}) a mxture of (i) a reaction product fornmed in the
absence of a c&UPSEE- between (a) a novol ak pol yner, (b) a pol yhydroxy
conpourd having 2 to 7 phenolic groups, and (c) a conpound selected froma
vinyl ether and an 20 unsubstituted or substituted unsaturated

het er oal i d3asist®repafalion:) a pol ymer conprising substituted or unsubstituted
hydr oxyst yrene o e and

nmet hacryl at e, mgqgg%#ﬂe@ggrﬁ %P%ﬁ‘gﬁmﬁ?g’"@eﬁébg?ﬁtéré@f’ éﬁhﬁé; t-butyl
or ot her aoluliohalasvesligasoaiptheoesisi cunmpprentstogetharyn plastie reund hottles byn at om
next to the,oxygen atom.of .the ester bond,, an ] [ f.o (i) a
reaction 6?'869%%@ 8Pd’é%°*l%ﬁ"%é°"85%§ﬁé%"%?" %&tfgt“ﬁﬁ'yé'@%@ts\%éﬁ‘%ﬁ§5"%8 novol ak
pol ymap, (b) a pol yhydroxy conpound having 2 to 7 phenolic groups, and (c)

a conpound_ sel ected froma vinyl ether and an unsubstituted or substituted
unsat ur at &¥esHEdestoal i cyclic, (ii) a polymer conprising substituted or

unsubstituted mudi@¥yslingseAe ﬁf’i‘%ré& :b)ﬁ'@d RaidBUBRG irRECatly ahPBOAkixgur e of

acrylate and nethacryl ate, the ‘acryl ate and/or nethacryl ate bei ng
pr ot ect ed dbyhe ceateq wabersdonhtd minutes Rbbi 0°6 gn Ut oie al s sfnspPeedondary or

tertiary ;_@%ﬁgv%&]a%cﬁﬁgtgﬁﬁ Pro%ufc@%o. %38 gé%agﬁgns@m %%Péa@ﬁgadmgend (1ii) a

novol ak. Or ési St composi'tion o erein resin binder
i s a Ss5r eatzpendingrondheir visgositiels.i n t he absence of a catal yst between (i) a

novol ak polyner, (ii) a polyhydroxy conpound having 2 to 7 phenolic groups,
and (iii) a compound selected froma vinyl ether and an unsubstituted or

substitut ed ungaeoatafirdinh By &Posed & batterhed.irhage Mtintepse sadiapsmppsi ti on of
claim1 wherein the resin binder is a reaction product forned in the

absence oftherange-eH365 HAapheeanbicas bandvayelgndias. Jaeh pPost expogutedpakest
conprisin ¢ i Hﬁ%ﬂ i te,

met hacryl g'tagBZr%{ lf;;’t(t)dr“r:lE @tﬁ?‘rg dg?'ﬁgég?{y:eaﬁsg%wﬁgt acr]}slF g?@? %{%ﬁﬁ?}éé ate and/ or
met ha@oy| alignér muglep MA-209.cthehyaterbwerd developerkior at le@st 4mningtegrioup

puddle mode with AZ-300MIF developer and rinsed with DI water.

The resist patterns were examined using electron microscope. The quality
of the pattern was characterized by the steepness of the pattern side walls, the
25 degree of resist foot at the wafer substrate and the resolution capability of the

resist to resolve 10 pm lines and spaces with high integrity.
Results:

The relative polymer ratios of all resist formulations and their evaluation

30 results are given in the table below.
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15 containing a secondary or tertiary carbon atomnext to the oxygen atom
of the ester bond, and (iii) a conpound selected froma vinyl ether and an
unsubstituted or substituted unsaturated heteroalicyclic. 4. The

phot oresi st conposition of claim1l wherein the resin binder is a 20 m xture
of (i) a reaction product fornmed in the absence of a catal yst between (a) a
novoi ak pol yner, (b) a polyhydroxy conpound having 2 to 7 phenolic groups,
and (c) a conpound selected froma vinyl ether and an unsubstituted or
substituted unsaturated heteroalicyclic and (ii) a polyner conprising
substituted or reyl ylate or a
m xture of 25 ét\@?;ﬁ/‘?m%éhwg f%‘[j p %%Bﬁéﬁﬁﬁgglg{ﬁ)éﬁﬁ@?gﬁﬁs(ﬁiﬁgf a@ﬁacr yl ate

bei ng pr otpatteats with stebpisidevall pbfiles and abisé¢rael d>feregs'otopt onGasubsigtes,
secondary or tert n atom of the ester

b X
bond. 5. 'fﬁx%o'}ﬂﬂgﬂlgiﬁg?g'ﬁé@?ﬁ%p@ oqug}?xthto é\ %X%%g'inér OMRArANG 1, phi nder is

a 30m %t Urpgachit E(xbhp?esfﬁ@ﬁhdj em Qénﬁ H’i‘eturfrﬁéd]iﬁéh (ﬁbt'fab@taﬂlbﬁfékéd) PHSA-BAL al yst
bet ween (a) a novol ak pol Y a pol yhyd ro&éaconpoun having 2 to 7

phenol i ¢ goealyger agmged d) the oammpé,%s dehe gr blepsed Wihmevalaesinand an
unsubst i tgﬁg&lbc%e?mgﬁgbmcﬁ%s %&b@.ﬁ%gﬁéﬁggér g{(@gbé%ﬁlm%ggt paitein@ 0! ymer

conprisin ubstituted or unsubstitut yrene acryl at’e,

met hacr y| afr eraducad wortavespofilesand wrtresclvetl W@ phelnes. at e, the acryl ate and/ or
met hacryl ate being protected by t-butyl or 5other acid |abile group
containing a secondary or tertiary carbon atom next to the oxygen atom of

t he esper bOﬂd,'I'hémélaﬁi/%\ﬁblymeﬂ@bﬁip@kiti&nBhea@h:ﬁswtemimllammiésitiﬁg of any
one of clains 1 to 65 erein the pol yhydr oxy conpound having 2 to 7

phenol i ¢ deeHlisre setlarbdp dee fabipelow.

10pol yhydr oxybenzophenones, pol yhydr oxyphenyl al kyl ket ones,
bi s(pol yhydr oxyphenyl ) al kanes, ﬁolyhydroxybenzoates
b|s(polyhydrox%@éﬁ&b&*&%ﬂnawdg wias exelugag ook ifeeempansarysiscasugh ene d

b1 S pol Yy RSO R R S RE S AU AR R e R des.

bi s( palsy hystkrapxagpire mqéié.tstbickoem typmillytgyehtev(tymanlqehenymunnﬂebaawmnng

pol yhydr oxyspj r obi -i ndapes dr oxyphthalj des, termn | enol |inear

t et r anucl 3&?'%’8?31)9‘58&}‘{? ri‘F?ég? k‘%&% Q)y} j&%@?&? C?n‘ﬁ%re)é?et ranucl ear

conpounds, Thaestold th@pdart 86 uawﬁh@adonwmmmmmew@nownﬁammg formula (1)
blocked blends of novolak and TRISP-PA, as in examples Resist 3 to Resist 9,

produce fast development resist capable of clearing 40 pm resist thickness in 4

20 to 5 minutes development times.
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(R7)a AOH1

a conpound having formula (I1)
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\\\

R1I0C (O H (R8)b(OH) wherein for formula (1) or (Il), Xis a

direct bond, lower alkylene or CH2-Y; Yis O 5 or S; each of Rl to RO is

i ndependently al kyl, al koxy, H, or hal ogen; R10 is H or alkyl; each of
b, and c is an integer of 2 to 4; each of I, m and n is an integer of
3; a compound having forrmula (111) R17
Claims:
1. A photoresist composition comprising a resin binder selected from the
5 group consisting of

10

15

20

25

30

(1) a reaction product formed in the absence of a catalyst between (i) a novolak
polymer, (ii) a polyhydroxy compound having 2 to 7 phenolic groups, and (iii) a
compound selected from a vinyl ether and an unsubstituted or substituted
unsaturated heteroalicyclic;

(2) a reaction product formed in the absence of a catalyst between (i) a novolak
polymer, (ii) a polymer comprising substituted or unsubstituted hydroxystyrene
and acrylate, methacrylate or a mixture of acrylate and methacrylate, the acrylate
and/or methacrylate being protected by t-butyl or other acid labile group
containing a secondary or tertiary carbon atom next to the oxygen atom of the
ester bond, and (iii) a compound selected from a vinyl ether and an unsubstituted
or substituted unsaturated heteroalicyclic;

(3) a mixture of (i) a reaction product formed in the absence of a catalyst
between (a) a novolak polymer, (b) a polyhydroxy compound having 2 to 7
phenolic groups, and (¢) a compound selected from a vinyl ether and an
unsubstituted or substituted unsaturated heteroalicyclic and (i) a polymer
comprising substituted or unsubstituted hydroxystyrene and acrylate,
methacrylate or a mixture of acrylate and methacrylate, the acrylate and/or
methacrylate being protected by t-butyl or other acid labile group containing a
secondary or tertiary carbon atom next to the oxygen atom of the ester bond; and
(4) a mixture of (i) a reaction product formed in the absence of a catalyst
between (a) a novolak polymer, (b) a polyhydroxy compound having 2 to 7
phenolic groups, and (c) a compound selected from a vinyl ether and an
unsubstituted or substituted unsaturated heteroalicyclic, (ii) a polymer comprising
substituted or unsubstituted hydroxystyrene and acrylate, methacrylate or a

mixture of acrylate and methacrylate, the acrylate and/or methacrylate being

37
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"iR12,)rr nn wherein Ri, R12, R13 Rl14, R15, R16 and R17 each represents
i ndependently H a G to C4 alkyl group, a Cl to C4 al koxyl group, a

cycl ohexyl group or a group represented by the fornmula: wherein R18
represents H a Cl to C4 alkyl group, a C1 to C4 al koxyl group or a

cycl ohexyl group; each of mMmmand nn is 0, 1 or 2; each of aa, bb, cc, del,
ee, gg and hh is 0 or an integer of 1 to 5 satisfying aatbbs5, cc+dd5,

ftsh, ' f
ar oups. aFROF Al B i 'as ingk agaaet aRb, PTG S e Bary or RERRLS i on
of any oreartsdn gloan ﬁéxtﬁotthebﬁ¥gék$éﬁjm of tee eﬂbybaddoand (iOreppondiakaving 2 to 7
phenolic groups is selected from 2, 4-

di hydr oxybenzophenone, 2, 3, 4- trihydroxybenzophenone 2,4,4" -
h hyd -
10tri ydrzoxyb(ﬁ%oghsg%gst %oﬁ‘(p%s&iro'n ‘P&ibﬁb‘%”met?& Ofpe: geéa“%gép%”é)xy 2

met hyl benzophenon tra roxybenzop enon
t et rabydrrea(;ttmnpapmmndnened iA, meSabéénq:mmfamwttaiygﬁJbewmer(r)na n&clald, 24" -

pent ahydr oxy- benzo n ent nzophenone,

D 4. GOV S Gk by B ppiEhanad ravEd 4 4 7 B BRES PBE B henone,
2,2', 34, %omrib'ﬂh@mséf&fgooﬂd?ﬁméoﬂﬁﬂ”%ﬂ%r and an unsubstituted or substituted
2,2',34,5" - pent ahydr oxybenzophenone, 2, , 5'

pent ahydunsgheateddretematicyglie, 3' , 4, 4' | 5' hexahydroxybenzophenone

2,4,6,3 ,4",5" -hexahyd roxybenzophenone,2,3,4,3,4,5'-

hexahydr oxybenzophenone, 2, 3, 4-tri hydr oxyacet ophenone, 2, 3, 4-

trihygr prheﬂﬂﬁlepﬁﬁbbdréﬁw@@n%o&t@nt b leyelioxy miheroih hievey kit OB BF S ?a 3, 4-
20 tri hydroxyphenyl ) net hane, bis(2,4-di hydroxyphenyl ) net hane bis(2, 3, 4-

tri hydr omﬁmmypnmbafﬁ@ne@rlapme abaenmce of 1y dadRlyshbRMeae (i) pAetgrolak 3, 4-
trihydroxyRenzoghita PAGREE dnfbrifd sOBSHBEPEPZARLEstitBle Aydrokystyrene
and acrylate, methacrylate or a mixture of acrylate and methacrylate, the acrylate
and/or methacrylate being protected by t-butyl or other acid labile group
15  containing a secondary or tertiary carbon atom next to the oxygen atom of the
ester bond, and (iii) a compound selected from a vinyl ether and an unsubstituted

or substituted unsaturated heteroalicyclic.

4. The photoresist composition of claim 1 wherein the resin binder is a
20 mixture of (i) a reaction product formed in the absence of a catalyst between (a)
a novolak polymer, (b) a polyhydroxy compound having 2 to 7 phenolic groups,
and (c) a compound selected from a vinyl ether and an unsubstituted or
substituted unsaturated heteroalicyclic and (ii) a polymer comprising substituted
or unsubstituted hydroxystyrene and acrylate, methacrylate or a mixture of
25 acrylate and methacrylate, the acrylate and/or methacrylate being protected by t-
butyl or other acid labile group containing a secondary or tertiary carbon atom

next to the oxygen atom of the ester bond.
Sp The photoresist composition of claim 1 wherein the resin binder is a

30 mixture of (i) a reaction product formed in the absence of a catalyst between (a)

a novolak polymer, (b) a polyhydroxy compound having 2 to 7 phenolic groups,
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tri hydr oxybenzoyOnet hane, bi s(3-acetyl -4,5, 6-tri hydroxyphenyl ) net hane,

bi s(2, 3, 4-tri hydroxybenzoyl ) benzene, bi s(2, 4, 6-tri hydroxybenzoyl ) benzene,
25 et hyl enegl ycol -di (3, 5-di hydr oxybenzoat e) et hyl ene gl ycol di (3, 4, 5-

tri hydroxybenzoate), 2,3, 4-biphenyltriol, 3,4,5-biphenyltriol,

3,5,3 5 -biphenyltetrol, 2,4,2",4"-biphenyltetrol,

, 6,3, 5 - bi phenyl pentol, 2, 4,6, 2%}', 61- bi phenyl hexol ,

4,2, 3, h 24 4' -
: ey s, 4o ARG g Sbigtigt, i OB i $ s ﬁ%ﬁéﬁ)ﬁﬁ%ﬁ%ﬁ@tég, dr
4, 3-- - ts&@ﬁ&tgt@hwdwmy@teﬁ hestgtcalicyiae (i)t ai ;&(lymbydompynph@sl:b@t&mwl@b

, , -tri I OXy-

3,5, 3, 5-wﬁégﬁt&H@dhmrprwprm%aﬁ@'azte4me§7ra%v'a¥ee9rr anyerygyefactylate 5

1 amet B AR NEork oorplia BRI T B0 d o B o

di acebyl tatlnegr‘rmndrllatetergmep ZoAtining'a decdidady eptartdrydraskgn Bfdm next to the

diacetyltrl hen ne ne,2,4,6 hexahydr oxy-5, 5" -

5dipropi ??@ HNE?WEHQOQGBa@@@n)?BPYéﬁEthyl-l,11-spirobi-indane-5,6,5
,6'- tetrol,3,3,3 3 -tetranethyl-1,1' -spirobi-indane-5,6,7,6'6"', 7" -hexol,

3 3-bis(3, 4- d|hydroxyphenyl)phthallde

3, 3- bi s( B, 3, 4-Tthel hpdﬁomphewppplhohmf dey agre, af clime' 1 to 85 wherein the

;ei;agydr Yoll M' LA ph @;S%M I'javing aniohe?e?)henohc groups is selected from

10t rikpso oqnwhhﬁ(yb@nzomaﬁ)r@s-trl 8(3 5- di net hydlyh Mypbfe/rmglnylk)stohes3 S-
tr||sopropylbenzene a,d,a"-tris(3,5-diethyl-4- hydroxy henyl)-1, 3, 5-

triisopr Gs(pehydisxyaheryalkaness (3, 5- di - n- pr opy1- 4- RPMYLIOHNORAZAtES3, 5-t r i
- 1 sopropyd BERAGERXIpEhzAiyalkangE 3. - Hid (BBRAYAMxyBetydliiyigheny Ligyterds 5-

di(polyhydroxybenzoates), polyhydroxybiphenyls, bis(polyhydroxy)sulfides,

, 4
, 3
et
2,

4

2
2
t

2
4

bis(polyhydroxyphenyl)ethers, bis(polyhydroxyphenyl)sulfoxides,
15  bis(polyhydroxyphenyl)sulfones, polyhydroxytriphenylmethanes, polyhydroxy-
spirobi-indanes, polyhydroxyphthalides, terminal xylenol linear tetranuclear
compounds, linear pentanuclear compounds, linear tetranuclear compounds,

non-linear tetranuclear compounds, a compound having formula (1)

(Re)e

20

a compound having formula (II)
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triisopropyl benzene,a,a',a"-tris(3,5-di-n-butyl-4-hydroxyphenyl)-1, 3, 5-
15trii sopropyl benzene,a,a' ,a"-tris(3-nethyl-4-hydroxyphenyl)-1,3,5-triisopr
opyl -

benzene, axe, a"-tri s(3- nmet hoxy4- hydr oxyphenyl) -1, 3, 5-t ai sopropyl benzene,
axe,a"-tris(2, 4-di hydroxyphenyl)-1, 3,5-triisopropyl benzene, 2,4, 6-tris(3, 5-
di nmet hy1l- 4- hydr oxyphenyl t hi onet hyl ) nesi tyl ene, 11a- net hyl -a- (4" -

hydr oxyphenyl ) et hyl ] -4-[a, al - bi s(4"-hydr oxyphenypet hyl ] benzene,

1-[ a- et hyl - a20(4' - hydr oxyphenypet hyl] - 31a, al- bi s(4"- hydr oxy- phenyl)ethyl]b
enzene, 1-(Ra

nmet hyl - a- (81,
met hoxy- 4' - hyfg
hydr oxyphenyl
1l4a- nmet hyl - a-
yl i benzene,
25[ 1", 1- biBy
bi s[ 3-(3, 5-di
hydr oxy- 5- net
hydr oxy- 5- et
hydr oxy- 5-
met hyl phenyR betha M}g[B-(B,S-diethy1-4-hydroxybenzyl)-4-hydroxy-5-

et hyl phenyl | met hane, 2,4-bi s[ 2- hydroxy- 3-(4-hyd
roxybenzyl) - 5- net hyl benzyl] - 6-

30cycl ohexyl phenol , 2, 4- bi s[ 4- hydr oxy- 3- (4- hydr oxybenzy1l) - 5- et hyl benzy1] - 6-
cycl ohexyfsieinder fersula il @r d{y 28 i 8 dregh handyioweT wiylene sefiz1Y - %-s O

met hyk ph .igﬁ%h , bl -~ ahyd - 5pyn ngyl)s

met hyllsphgﬁ;%'ynet h%gf Eé Hgilsnﬁg%%%d%ﬂgélmd?%%ySHHQFhe%ﬁzﬁ? )i%ir or
alkyl; each of a, b, and c is an integer of 2 to 4; each of |, m, and n is an integer
of 1to 3;

J QFHyl-4l-hydroxyphenyl)ethyl]benzene,1-[a-nethy|-a-(3'-
xyphenyl) et hyl] - 4- [ al.(Rd); bi s(31- met hoxy-4' -

hyl ] benzene,
74 -di

et hyl1-4-[al, ceb{l§(4' - hydr oxyphenyl )eth
xyphenypet hyl ] 4-

enyl ] met hane, bi s[ 3- (3, 5-di net hy1- 4- hydr oxybenzyl) - 4-
nyl ] net hane, bi s[3-(3,5-di et hyl -4-hydroxybenzyl) 4

a compound having formula (lil)

{Ho)cc F|Q14 — —
?‘“ (OH),,
s

B (Ri2)d _|mm R 7= (OH)ee ()
(Ri1)oo H?
i (Ria)
10 L _|nn
wherein Rq1, R12, Ry3, Ry, R4s, Rig and R47 each represents independently H, a
C1 to C4 alkyl group, a C4 to C4 alkoxyl group, a cyclohexyl group or a group
represented by the formula:
(OH)gq
15 (R18)hh
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met hyl phenyl | net hane, bi s[ 2, 5- di net hy1- 3- (4- hydr oxy- 5- net hyl benzyl) - 4-

hydr oxyphenyl i met hane, bi s[ 2, 5- di net hy1- 3- (4- hydr oxybenzyl) - 4-

hydr oxyphenyl | met hane, bi s[ 2, 5-di et hy1- 3- (2- hydr oxybenzyl) - 4-

hydr oxyphenyl | net hane, 1, 1-bi s(4-hyd roxyphenyl-114- (4-

hydr oxybenzyl ) phenyl | et hane, 1, 1-bi s(3,5-di met hyl-4-hydroxyphenyl-114-(4-
hydr oxybenzyl ) phenyl i et hane, 1, 1- bi s(3, 5-di net hy1- 2- hydr oxyphenyl) - 1-[ 4- (4-

hyd b : Sk 4z - 3-AN I - - (4-
oy sy ot Fr it ca £ oRLARYELRIY, 5 C1% Or ARoN Broaf 514 4.
hydr oxybeyziphgpylegrglp eedemef thm b s & @- ﬁiidmmﬁrmhpdfe?{ I)b,)ht%,llddiee, ff,
hydr oxybenzyl enyl Jethane, 1, 1-bi s(3,4, 5-tri ro -1*(4-

nyr oxybeo1d BRangrdcamanesd o The 5 Ealhtiis g hins O as50est 5, and
hydro 1ij . ds, i i < 4
ey ok ) ) B e o N o R TP Y e, 1, 1
bi s( 355- dirmeixtuyas theigah oxypheny1) - 14441- (4- hydr oxypheny1) - 1-

met hyl et hyl | phenyl ] et hane, 1, 1- bi s(4- hydr oxy- 3- net hyl phenyl) - 144[ 1- ( 4-

ydr oxypieny 17116 PROTStest. KPORYHReTy ROt gt Ay By 1 er Y R &e -
20bi s( 3, FofHydrE* ¥BRPRYIAY - Advitdd (Z-tBY AT SherRINe nyrbups - BES &kt Rid Hohpheay ! et han
& dihydroxybenzophenone, 2,3,4-trihydroxybenzophenone, 2,4.4'-
10  trihydroxybenzophenone, 2,4,6-trihydroxybenzophenone, 2,3,4-trihydroxy-2'-
methylbenzophenone, 2,3,4,4'-tetrahydroxybenzophenone, 2,2'4 4'-
tetrahydroxybenzophenone, 2,4,6,3',4'-pentahydroxybenzophenone, 2,3,4,2'4'-
pentahydroxy-benzophenone, 2,3,4,2' 5'-pentahydroxybenzophenone, 2,2' 3,4,6'-
pentahydroxybenzophenone, 2,3'4,4'.6-pentahydroxybenzophenone, 2,2'.3 4 4'-
15  pentahydroxybenzophenone, 2,2'3,4,5'-pentahydroxybenzophenone, 2,3'4,5,5'-
pentahydroxybenzophenone, 2,3,3',4,4',5'-hexahydroxybenzophenone,
2,4,6,3',4' 5'-hexahydroxybenzophenone, 2,34,3,4'5'-
hexahydroxybenzophenone, 2,3,4-trihydroxyacetophenone, 2,3,4-
trihydroxyphenylpentylketone,  2,3,4-trihydroxyphenylhexylketone,  bis(2,3,4-
20 trihydroxyphenyl)methane, bis(2,4-dihydroxyphenyl)methane, bis(2,3,4-
trinydroxyphenyl)propane, propyl 3,4,5-trihydroxy-benzoate, phenyl 2,34-
trihydroxybenzoate, phenyl 3,4,5-trinydroxybenzoate, bis(2,3,4-
trihydroxybenzoyl)methane, bis(3-acetyl-4,5,6-trihydroxyphenyl)methane,
bis(2,3,4-trihydroxybenzoyl)benzene, bis(2,4,6-trihydroxybenzoyl)benzene,
25 ethyleneglycol-di(3,5-dihydroxybenzoate) ethylene glycoldi(3,4,5-
trihydroxybenzoate), 2,3,4-biphenyltriol, 3,4,5-biphenyiltriol, 3,5,3'5'-biphenyltetrol,
2,4,2' 4'-biphenyltetrol, 2,4,6,3",5'-biphenylpentol, 2,4,6,2',4',6'-biphenylhexol,
2,3,4,2',3' 4'-biphenylhexol, 4 4'-thiobis(1,3-dihydroxy)benzene, 2,2'44'-
tetrahydroxydiphenyl ether, 2,2'4 4'-tetrahydroxydiphenylsulfoxide, 2,2'4,4'-
30 tetrahydroxydiphenylsulfone, tris(4-hydroxyphenyl)methane), 4,4'4"-trihydroxy-
3,5,3",5'-tetramethyltriphenylmethane, 4,4' 3", 4"-tetrahydroxy-3,5,3',5'-
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1, 1-bis(3,4,5-trihydroxyphenyl)-114-(1-(4-hydroxyphenyl)-1-

nmet hyl et hyl ] phenyl ] et hane, bi s(4- hydroxy-2, 3, 5-trinethyl phenyl)- 2-
hydr oxyphenyl net hane, 1, 4- bi s[ 1- (3, 5-di net hy1- 4-

hydr oxyphenyl )i sopropyl i benzene, 2, 4-bi s(3,

5-di net hyl- 4- hydr oxyphenyl net hyly 25 6- net hyl phenol ,

bi s(4- hydr oxy- 3, 5- dinethylphenyl)-2-hydroxypheny|nethane,

bi s(4-h 1)-2-hyd en 'R
b1 5( 4. hyaF B R 2 i Pt e T dro-3.5.3.5"
i1[11(1(34 hettaroztmyttephényinetrangy| k 441, 1-bi s(4-h3d, D)3 ghbeypleydrppedzsne,

hydr oxypﬁ’iﬁf{ﬂ%'t@@ﬁ%'ﬁ’ﬁtﬁ?ﬁﬁl 1- bi s( 3- met hy123%44 & 8x3 pheAG e ¥V b enzene,

302, 6- bi henypi sopropyl] 4 n (4-
hydr oxyp%‘(iaén‘i/egl gg’pr@g E/ﬁqéitﬁé?s{%r cin, 4, 6-bis(3,5- P?rr%fryhtm]% RexdhydioR)-3l9-

hydr oﬁypl@hpmpthqurMmgmanel 4 %3’ Sl tBtEaImth'glt-hgismrobl -indane-5,6,5' 6'-

hyd ~oqgal | 1"-Spicabi 57 .
26 b SCAE T hy 13084 ?%g%vélwbaenﬁpwgteww?n%s LA Ther,  3.3.33-
2, 6- bi s( ZetfarfietHyl hyld!sgimshﬂaah@ﬂwlsl&s%%wl phenol, 1 1- bi 3(34b|s(3 4-

hydroxyphenyl)cyclohexane ‘-ethylidinetris henol 4-[ bi

4-
5hydr oxy Hyﬁiy@rmhwy])pmhéh%xy%emw 441ydroxyphenyl)phthalide, (3',4',5',6'-

e R LS SRR i oo 12

hydr ogy piteisysioply ibehesed bi s 2, 6- d| ogt’ w&merﬁ;bl}néhgzl 4-hdroxyphenyl)-1,3,5-

T e b 23 ey PR bk - dravoneny 1,05
triisopropylbenzene, a,a’,a"-tris(3,5-di-n-propyl-4-hydroxyphenyl)-1,3,5-tri-
isopropylbenzene, a,a',a"-tris(3,5-diisopropyl-4-hydroxyphenyl)-1,3,5-
triisopropylbenzene, a,a',a"-tris(3,5-di-n-butyl-4-hydroxyphenyl)-1,3,5-

15  triisopropylbenzene, a,a',a"-tris(3-methyl-4-hydroxyphenyl)-1,3,5-triisopropyl-
benzene, a,d',a"-tris(3-methoxy4-hydroxyphenyl)-1,3,5-triisopropylbenzene,
a,a',a"-tris(2,4-dihydroxyphenyl)-1,3,5-triisopropylbenzene, 2,4 6-tris(3,5-
dimethyl-4-hydroxyphenylthiomethyl)mesitylene, 1-[a-methyl-a-(4"-

hydroxyphenyl)ethyl]-4-[a,a'-bis(4"-hydroxyphenyl)ethyllbenzene, 1-[a-methyl-a-
20  (4'-hydroxyphenyl)ethyl]-3-[a,a'-bis(4"-hydroxy-phenyl)ethyllbenzene, 1-[alpha-
methyl-a-(3',5'-dimethyl-4'-hydroxyphenyl)ethyllbenzene, 1-[a-methyl-a-(3'-
methoxy-4'-hydroxyphenyl)ethyl]-4-[a’,a'-bis(3'-methoxy-4'-
hydroxyphenyl)ethyllbenzene, 1-[a-methyl-a-(2',4'-dihydroxyphenyl)ethyl]-4-[a’,a'-
bis(4'-hydroxyphenyl)ethyllbenzene, 1-[1'-methyl-1'-(4'-hydroxyphenyl)ethyl] 4-
25 [1',1'-bis(4-hydroxyphenyl)ethyllbenzene, bis[3-(3,5-dimethyl-4-hydroxybenzyl)-4-
hydroxy-5-methylphenyllmethane, bis[3-(3,5-dimethyl-4-hydroxybenzyl)-4-
hydroxy-5-ethylphenyllmethane, bis[3-(3,5-diethyl-4-hydroxybenzyl)-4-hydroxy-5-
methylphenyllmethane, bis[3-(3,5-diethyl-4-hydroxybenzyl)-4-hydroxy-5-
ethylphenyllmethane, 2,4-bis[2-hydroxy-3-(4-hydroxybenzyl)-5-methylbenzyl]-6-
30 cyclohexylphenol, 2,4-bis[4-hydroxy-3-(4-hydroxybenzyl)-5-methylbenzyl]-6-
cyclohexylphenol, bis[2-hydroxy-3-(3,5-dimethyl-4-hydroxybenzyl)-5-
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di hydr oxyphenyQOret hyl enel bi s[ 2, 3, 6-tri met hyl phenol ], 4-[bis(3-cycl ohexyl-4-
hydr oxy- 6- net hyl phenyl ) net hyl p , 2- benzenedi ol , 4, 6- bi s[ (3, 5-di net hyl- 4-

hydr oxyphenyl ) met hyl ] -1, 2, 3- benzenetriol, 4, 4' 4( 2-

hydr oxyphenyl ) met hyl enel bi s[ 3- et hyl phenol ], 4, 4", 4"- (3- net hyl - 1- propany1l- 3-
15yl idine)trisphenol,

4,4 4" 4"1-(1, 4- phenyl enedi net hyl i di ne) t etraki sphenol, 2,4, 6-

tri 3, 5 di 2 h I | oH g 3, 5-
i ot hy 113 Y o1 ptE Ry BURRIARNGES Methybefizyi 6|

4, 4'h4ll44;llrﬂulat[hzgrLplrnpcl:yIdnmgzzthbl,rt_ziz:,]I bi sll;_hydbts{ty—r@drmdyl;&{bhgdmyt—ﬁ-hlyéthplbelnyw}éﬁ-l .
met et nyl ] et i dene] bi g[. -hi s Xy- 3- net e t e
T R R "L i 5 ep by S Dby LB BT
claims 1 HarS&phBRyfhBtHdne, pol ymer C0”prUiﬁQ@d%&iﬁ%l%-%-ﬁ?dﬂfxﬁ@ﬁ%?—h'—tUt ed
hydr oxystyrene and acryl ate, nethacrylate or a mxture of acryl ate’ and

met habr ylhydeoxypheayigoeth@ner om pol y(4-  bis[2,5-dimethyl-3-(2-hydroxybenzyl)-4-

B S BRe e Tes PoC" e o) enool XSS o o
wher ei n tHy@rastydehz@igRinyllathanie f or mul-bisfH8-diethyl-4-hydroxyphenyl-1-[4-(4-

hydroxybenzyl)phenyllethane, 1,1-bis(3,5-dimethyl-2-hydroxyphenyl)-1-[4-(4-
hydroxybenzyl)phenyllethane, 1,1-bis(4-hydroxy-3-methylphenyl)-1-[4-(4-

10  hydroxybenzyl)phenyllethane, 1,1-bis(2,6-methyl-4-hydroxyphenyl)-1-[4-(4-
hydroxybenzyl)phenyllethane, 1,1-bis(3,4-dihydroxyphenyl)-1-[4-(4-
hydroxybenzyl)phenyl]lethane, 1,1-bis(3,4,5-trihydroxyphenyl)-1-[4-(4-
hydroxybenzyl)phenyllethane, 1,1-bis(4-hydroxyphenyl)-1-[4-[1-(4-
hydroxyphenyl)-1-methylethyl]phenyl]lethane, 1,1-bis(3,5-dimethyl-4-

15  hydroxyphenyl)-1-[4-[1-(4-hydroxyphenyl)-1-methylethyl]lphenyllethane, 1,1-
bis(3,5-dimethyl-2-hydroxyphenyl)-1-[4-[1-(4-hydroxyphenyl)-1-
methylethyl]phenyllethane, 1,1-bis(4-hydroxy-3-methylphenyl)-1-[4[1-(4-
hydroxyphenyl)-1-methylethyl]phenyl]ethane, 1,1-bis(2,6-dimethyl-4-
hydroxyphenyl)-1-[4-[1-(4-hydroxyphenyl-1-methylethyl]phenyl]lethane, 1,1-

20  bis(3,4-dihydroxyphenyl)-1-[4-[1(4-hydroxyphenyl)-1-methylethyllphenyllethane,
1,1-bis(3,4,5-trihydroxyphenyl)-1-[4-(1-(4-hydroxyphenyl)-1-
methylethyl]phenyl]lethane, bis(4-hydroxy-2,3,5-trimethylphenyl)-2-
hydroxyphenylmethane, 1,4-bis[1-(3,5-dimethyl-4-
hydroxyphenyl)isopropyllbenzene, 2,4-bis(3,5-dimethyi-4-hydroxyphenylmethyl)-

25 6-methylphenol, bis(4-hydroxy-3,5-dimethylphenyl)-2-hydroxyphenylmethane,
bis(4-hydroxy-2,5-dimethylphenyl)-2-hydroxyphenylmethane, bis(4-hydroxy-3,5-
dimethylphenyl)-3,4-dihydroxyphenylmethane, 1-[1-(4-hydroxyphenyl)isopropyl]-
4-[1,1-bis(4-hydroxyphenyl)ethyl]benzene, 1-[1-(3-methyl-4-
hydroxyphenyl)isopropyl]-[4-[1,1-bis(3-methyl-4-hydroxyphenyl)ethyl]benzene,

30 2,6-bis[1-(2,4-dihydroxyphenyl)isopropyl]-4-methylphenol, 4,6-bis[1-(4-
hydroxyphenyl)isopropyl]resorcin, 4 6-bis(3,5-dimethoxy-4-
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where R50 is unsubstituted or substituted al kyl or unsubstituted or
substituted cycloal kyl. 10. The photoresi st conposition of any one of
clains 1 to 9 wherein the 5Sunsubstituted or substituted unsaturated
heteroalicyclic is 3,4-dihydro-2H pyran. 11. The photoresi st conposition
of claim4 wherein the anmount of (i) ranges from70 to 90 wei ght percent
and the amount of (ii) ranges from30 to 10 weight percent. 10 12. The

phot or eS|h§/ gﬁgﬁwpﬁ&& gjgﬁgéaﬁnom 4 or 11 wherein theg érﬂ?é’(@t?-ﬁfméf | aanges

from?75 t and the anount of (ii) ranges’ trom
wei ght pérydm)wpheﬁsllmeﬂtnyd mogaiod s iZ6- bcmiﬁvpnehhtyl -&,6- dlhyatnoayphénwlnertleylhﬂ he

anount of anges I.C the t 0 i

ranges f Y %Mﬁl E‘S 8'5 %&IS ge“r@@ﬂam’%{ﬁ ef“ﬁ' %ﬁﬂ%’lﬁm%v‘ytﬂ Pr ani_)ebis(fla om5
to 30 "‘B'WHFO)&Ehéﬁmcyci’cﬂwexEHé phot or £t 1 cfRNPASHIsHABNEN C' ai M43 (413
wherei n the anount i) 20ranges from60 to 90 wei ght percent, the anount

of (i) rnydg:wpheomrset s&ethoxgphenir cent, and the amount of (4#-j(2r anges

f 51t t t f f
claim 1 VAR BRER B S R B  P Be VBBl oac: A gener ator . 157 e

phot or es|hs,tjro;;qma@ﬁy|§m@my¢gne}ﬂ>|g!m.aﬁnmycﬁmehu|]t her conprises a bagej4-17. A
coated substrate conprising. a substrate having thereon a coatin ayer of

t he phot @N@&théﬁmgtw%}?]@ﬂwlfﬁﬁ@ytﬂ*‘eepﬁi m 1to 16.  18.2A-H8t hod
b e e P A .
of chai mhydirdwphényl)m_dtk@lﬁn@bus@ss-dgneihmmieobtjr esi st |ayer to acd'Hy&uing
bhot or es D ERRREEY BB ondsore TP Phea 16 4 i Eamlatrd-* °
phot or esinghrdxgl é-%eth%ﬁ@nﬁﬂn@trﬁlﬂbﬁ?fb%h%ened|oI, 4,6-bis[(3,5-dimethyl-4-
hydroxyphenyl)methyl]-1,2,3-benzenetriol, 4.4'-[(2-
hydroxyphenylymethylene]bis[3-methylphenol], 4,4' 4"-(3-methyl-1-propanyl-3-

15  ylidine)trisphenol, 4,4'4".4"-(1,4-phenylenedimethylidine)tetrakisphenol, 2,4,6-
tris[(3,5-dimethyl-4-hydroxyphenyl)methyl]-1,3-benzenediol, 2,4 ,6-tris[(3,5-
dimethyl-2-hydroxyphenylymethyl]-1,3-benzenediol, 4,4'-[1-[4-[1-[4-hydroxy-3,5-
bis[(hydroxy-3-methylphenyl)methyl]phenyl]-1-
methylethyl]phenyl]lethylidene]bis[2,6-bis(hydroxy-3-methylphenyl)methyl]phenol,

20 and mixtures thereof.

88. The photoresist composition of any one of claims 1 to 87 wherein the
polymer comprising substituted or unsubstituted hydroxystyrene and acrylate,
methacrylate or a mixture of acrylate and methacrylate is selected from poly(4-

25  hydroxystyrene-co-t-butylmethacrylate) and poly(4-hydroxystyrene-co-t-
butylacrylate).

9. The photoresist composition of any one of claims 1 to 8 wherein the vinyl

ether has the formula

B \O/\
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10

15

20

25

30

where Rso is unsubstituted or substituted alkyl or unsubstituted or substituted

cycloalkyl.

10. The photoresist composition of any one of claims 1 to 9 wherein the

unsubstituted or substituted unsaturated heteroalicyclic is 3,4-dihydro-2H-pyran.

11.  The photoresist composition of claim 4 wherein the amount of (i) ranges
from 70 to 90 weight percent and the amount of (ii) ranges from 30 to 10 weight

percent.

12.  The photoresist composition of claim 4 or 11 wherein the amount of (i)
ranges from 75 to 85 weight percent and the amount of (ii) ranges from 25 to 15

weight percent.

13.  The photoresist composition of claim 5 wherein the amount of (i) ranges
from 40 to 90 weight percent, the amount of (ii) ranges from 5 to 35 weight
percent, and the amount of (iii) ranges from 5 to 30 weight percent.

14. The photoresist composition of claim 5 or 13 wherein the amount of (i)
ranges from 60 to 90 weight percent, the amount of (ii) ranges from 5 to 25

weight percent, and the amount of (iii) ranges from 5 to 15 weight percent.

15.  The photoresist composition of any one of claims 1 to 14 which further

comprises a photoacid generator.

16.  The photoresist composition of claim 15 which further comprises a base.

17. A coated substrate comprising: a substrate having thereon a coating layer

of the photoresist composition of any one of claims 1 to 16.
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18. A method for forming a photoresist relief image on a substrate comprising:
(a) applying on a substrate a layer of the photoresist composition of any one of
claims 1 to 16, and (b) exposing the photoresist layer to activating radiation and

developing the exposed photoresist layer.

19. The use of a photoresist composition of any one of claims 1 to 16 for

forming a photoresist relief image on a substrate.
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