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esters 1 radiation-sensitive mixtures 

prepared therewith and their use 

The invention relates to sulfonic acid esters and 

radiation-sensitive, positive-working or negative-working 

5 mixtures prepared therewith and comprising 

10 

a) 
b) 

a compound forming a strong acid on irradiation, 

either a compound having at least one acid-cleavable 

c-o-c or C-0-Si bond (for a. positive-working mix­

ture) or a compound havin51 at least two acid­

erosslinkable groups (for a negative-working mix-

-ture) and· ·-
c) a bind~r which is insoluble iri water but soluble or 

·at lea.st· s~ellable in aqueous _alkaline .solutions. 

The invention furthermore relates to radiation-sensitive 

15 recor~ing materials which are produ'?ed therefrom and 

which ~re suitable for the production of photoresists, 

electronic components and printing plates or for chemical 

milling. 

Radiation-sensitive mixtures containing sulfon·ic acid 

20 esters as acid .formers are particularly suitable for 

exp?sure to "deep-UV" radiation having a wavelength of 

220 to 300 nm, ·in pa:r;ticular of 248 nm (KrF excbner 

lasers emit at tli.~s. wave~ength). Sulfonates of sub­

stituted phen"ols (JP-A 03-223 864.f or of hydroxymethyl-

25 benzoins (DE~A 19 19 678) 1 2-nitrobenzylsulfonates (EP-A 

0 330 · 386) / pyrogallolsulfonates (T. Ueno et al. in 

"Polymers for Microelectronl!cs - Science and Technology" / 

Ed. Y. Tabata et al., Kodansha-Weinheim-New York, 1989, 

pages 66-67), N-sulfonyloxyimides (EP-A 0 388 343) or 

30 1-sulfonyloxypyridones (DE-A 41 12 967) have been used to 

date as sulfonic acid esters. The disadvantages of these 

compounds are an ~xcessively high intrinsic absorption in 

the DUV range, insufficient se.nsitivity (owing to too low 

a quantum yield in tht".! acid-forming reaction) or insuffi.,-
') r· 
_, .J cl.ent sol.uhil 5 ty. '!'hi~; leads to dr?ficiencies in th<? 
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quality of image reproduction, to low throughput speeds 

of the wafers to be structured or to separation problems. 

~any positive-working photoresist layers also contain 

compounds having acid-cleavable groups in addition to the 

acid-£ arming aromatic sulfonic acid esters. If such 

layers are exposed imagewise, it is found that the line 

width obtained after development is influenced by the 

storage time between irradiation and heating step (post­

exposure bake) and deviations from the ori.ginal thus 

occur. The irradiation dose must therefo~e be adapted to 

the storage time. This dependence of ,the. image qu~li ty 

__ on the storage time is a major te9~hical,.problem which 

has not been solved to date. It pr.esumably.has a plural­

.ity of· causes. Thus, it is assumed that photolysis 

products which are unstable and react in an undesirable 

manne~ during the storage time are formed from many of 

the acid-forming compounds used to date. In addition, 

relatively long storage times frequently lead to the 

formation of insoluble top layers whose prolonged 

development times lead to complications with the substan­

tial automation of semiconductor production. 

It was therefore the object of the invention to provide 

a rad~ation-sensitive mixture which has high sensitivity 

i~.~articular to DUV radiation and at the same time high 

25 resolution down to the region of less than 500 nm. 

Regardless of the storage time between imagewise exposure 

and post-exposure bake, it should be simple to process 

and combine high process stability and processing range 

with accurate reproducibility and reliability. 

30 The object is achieved by the provision of a radiation­

sansitive, positive-working or negative-working mixture 

comprising 

35 

a) 
b) 

a compound forming a strong acid on irradiation, 

either a compound having at least one acid-cleavable 

c-o-c or c-o-si bond (for a positive-working 
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mixture) or a compound having at least two acid­

crosslinkable groups (for a ne9ative-workil}.g mix­

ture} and 

a binder which is insoluble in water but soluble or 

at least swellable in aqueous alkaline solutions, 

wherein the compound a) is a sulfonic acid ester of the 

formula 

· [R1-CR2 (CF3 )-0-S02-]i,R1 

R1 [-CR2 (CF3 )-O-S02-R3 
]. 

(I) or 

{II) 

10 . · in which 

15 

20 

25 

30 

35 

.R1 in the compounds of the formula I is a mononuclear 

or polynuclear unfused or fused { c,-C14 ) aryl or ( C4-

C11} heteroaryl radical containing oxygen, sulfur or 

nitrogen as a heteroatom and in the compounds of the 

formula II is a divalent or trivalent radical of a 

mononuclear or polynuclear unfused or fused ( c,­
C14) aromatic or (C4-C12 ) heteroaromatic containing 

oxygen, sulfur or nitrogen as a heteroatom or a 

divalent radical of the formula -C,H4-X-C,H4-, in 

wb.ich X is an oxygen atom, a carbonyl or sulfonyl 

··group or a group CR7R8 , in which R7 and R8 are 

identical or qif ferent and are a methyl or 

trifluoromethyl radical, 

R2 is a hydrogen atom or a methyl, trifluoromethyl or 

oyane radical, 

in the compounds of the formula I where n = 1 and in 

the compounds of the formula II is a straight-chain 

or branched, unsubstituted or substituted ( c 1-C18 ) -

alkyl radical, a (C4-C10 )cycloalkyl radical, a "(C2 -

c,) alkenyl radical, an unsubstituted or substituted 

( c,-C14 ) aryl or ( C4-C12 ) heteroaryl radical containing 

oxygen, sulfur or nitrogen as a heteroatom or a (C7-

Cu) aralkyl radical and, in. the compounds 0f the 

formula I where n = 2 or 3, is a divalent or tri­

valent radical of a straight-chain or branched, 
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unsubstituted or substituted (C1-C18 ) alkane or cyclo­

alkane, of a mononuclear or polynuclear (~,-Cu)­

aromatic or of a (C,-C12 )heteroaromat~c containing 

oxygen, sulfur or nitrogen as a heteroatom, 

is an integer from 1 to 3 and 

is 2 or 3. 

In th~ compounds of the formula I, the i::adical Ri is 

preferably a phenyl, naphthyl, thiophen-2-yl, thiophen-3-

yl, benzo[b]thiophen-2-yl or ben~o(b]thiophen-3-yl or ~ 

10 phenyl radical to which a five- or six-membered ring 

having 1 to 3 heteroatoms, such as oxygen, nitrogen or 

sulfur, is fused, preferably a chromanyl, chromenyl, 

tliiocJ:i.romanyl, isochromanyl or isothiochromanyl, indolin­

¥11 benzothiazolyl, quinolyl, 1,2,3,4-tetrahydroquinolyl 

15 or isoquinolyl radical. It may be substituted by one to 

three identical or diff~rent substituents, such as 

fluorine 1 chlorine or bromine a tom~, (Ci-Cr;) alkyl, 

( c2-c,) alkenyl, ( c2-c4 ) alkynyl, ( CcC,) alkoxy, ( c,-c10 ) aryl, 

{ c,-c10 ) aryloxy, ( C7-CH) aralkyl 1 { C7-C14 } aryloxyalk:yl, 

20 {C7-C14 ) aryloxyalkoxy, (C1-C,) alk:ylthio, .(C,-C10 ) arylthio, 

di(C1-C4 ) alkylamino 1 (C1-C,)carboxyalkyl, cyano, nitre, 

(C1-C10 ) alkanesulfonyl or {C,-C14)arylsulfonyl groups or 

the groups R3-S02-0-, R3-S02-NH-, HO-:CR2 {CF1 )- or 

R1-S02 .;..0-CR2 (CF3 )-, R2 and R3 being- the monovalent radicals 

25 described above·: 

Pref erred divalent radicals R1 are meta- and para­

phenylene. A preferred unfused divalent radical is 

biphenyl-4,4'-diyl and a preferred fuseq radical is 

naphthalene-1,4-diyl. Among the radicals of the formula 

30 -c"n,-x-c,H,-, oxybiphenyl-4, 4 '-diyl is preferred. The 

polyvalent radicals R1 may be substituted in the same 

manner as the monovalent ones. 

R2 is preferably a trifluorom_?thyl radical. 

In the compounds of the formula I where n ~ 1 and in the 

35 compounds of the fQr.muJ.a II, R' is pr.e(er.ably a 
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{C1-C,)alkyl radical, such as methyl, ethyl, propyl, iso­

propyl or butyl, a cycloalkyl radical, such as cyclo­
hexyl, a perfluorinated or highly fluorinated (C1-C5) alkyl 
radical, such as trifluoromethyl, a (C,-C10}aryl radical, 

5 such as phenyl, tolyl, naphthyl, dihydronaphthyl or 
tetrahydronaphthyl, a ( C7-C14 ) aralkyl radical, such as 

benzyl, or a (C4-C9 )heteroaryl radical, such as thiophen-
2-yl or thiophen-3-yl. In the compounds of the formula 

II where n = 2, R3 is preferably a (C1-c10 }alkylene, in 
10 particular methylene, ethane-1,2-diyl or propane-1 1 3-

diyl, or a (C6-C10 ) arylene, in particular meta- or para­
phenylene or naphthalenediyl. The radicals R3 may be 

substituted in the same manner as the radicals R1 • 

Compounds in whic~ the radical R3 contain more than 15 

15 ·carbon. atoms give acids which exhibit even less 

diffusion,·but these compounds have lower sensitivity to 

radiation. 

The compounds of the formulae I and II can be prepared, 
for example, by reacting aliphatic or aromatic sulfonyl 

20 chlorides with unsubst±tuted or substituted 1-aryl-2,2,2-

trifluoroe~hanol or 2-aryl-1,1,1-trifluoropropan-2-ol. 
The reaction is generally carried out in a solvent, such 

... . . .. 

as t~trahydrofuran, methylene chloride or preferably 
dimethylformamide (DMF) in the presence of a base, such 

25 as trietbylamine,"pyridine or preferably sodium_ hydride. 
The fluorinated 1-arylethanols and 2-arylpropan-2-ols 
used as starting_~terials are obtainable by processes 

which are generally known to a person skilled in the art. 
2-AryJ,.-1, 1, 1, 3, 3, 3-hexafluoropropan-2-ol can be prepared, 

30 for example, by reacting an activated aromatic with 
hexafiuoroacetone. Aromatics having lower activity react 
with hexafluoroacetone in the presence of small amounts 
of ·Lewis acid catalysts, preferably aluminum trichloride. 
Furthermore, Grignard compounds, prepared, for example, 

35 from brominated or iodinated aromatics, can be reacted 
with hexafluoroacetone to give the desired starting 
materials. 
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Only a few compounds of the formulae I and II are known. 

Thus, G.W. Astrologes and J.C. Martin (J. Amer. Chem. 

Soc. 99 [1977] 4400 - 4404) disclose compounds of the 
abovementioned formula I in which n = 

4-tert-butylphenyl and R2 == R3 = CF30 

al •. (J. Org. Chem. 55 (1990] 4448 -

1, R1 = phenyl or 
D.W. Reynolds et 

4454) disclose a 
compound of the formula II in which m = 2, R1 = 

-C6H3 (CH3 )-C(CF3 ) 2-C,H3 {CH3 )-, R2 = CF3 and R3 = CH3 • In the 

article by A.D. Allen et al. (J. Amer. Chem. Soc. 108 
10 (1986] 3470 - 3474), further compounds of the formula I 

in which n = 1, R1 = phenyl, 4-fluorophenyl, 4-methoxy­
pheriyl or p-tolyl, R2 = CF3 and R3 = p-tolyl and compounds 

in ·which n = 1, R1 == phenyl or p-:tolyl, .R2 ··= CN and R3 = 

p-tolyl are described. The kinetics of the solvolysis of 

15 -these compounds in different solvents was investigat~d. 

On the other hand, the compounds of the formula I in 
which n = 2 or 3 and the compounds of the formula II, 

with the exception of the one known compound, are novel 

and form part of the invention. The use of compounds of 

20 the formula I or II as photosensitive acid generators in 

a radiation-sensitive mixture is novel and forms part of 

the present invention. The finding that the radiation­
sensit,ivity of these sulfonic acid esters __ is as a rule 
several times higher than that of the known sulfonic acid 

25 esters was surprising. Particularly surprising, however, 
was the observation that.these c~mpounds make it possible 
to produce a radiation-sensitive layer in which the 
latent image formed after imagewise exposure is substan­
tially stabilized. 

30 The_ radicals R1 and R3 in the compounds of the general 
formulae I and II have only little effect on the effi­
ciency of acid formation whereas a strongly electro­
negative substituent R2 increases the efficiency. Com­
pounds which contain the -c (CF3 ) 2-0-S02 radical as the 

35 structural element are therefore also particularly 
suitable acid formers. For reasons which are not clear, 
compounds which contain two or more radicals of this type 

are particularly efficient acid formers. Surprisingly, 
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it is precisely these compounds which also have good 

thermal stability and sufficient stability to solvolysis; 

so that the compounds and the mixtures prepared therewith 

can be stored for a relatively long time without chang-

5 ing. The layers produced using the mixtures according to 

the invention, in particular the positive-working mix­

tures, have substantially better properties than layers 

comprising known mixtures. Undesirable effects, such as, 

for example, the change in the line widths, in the 

10 sensitivity or in the material removal rates during 

different storage times between exposure and post­

exposure bake, occur to a substantially smaller extent. 

In the mixture according to the invention., different 

·acid-forming compounds of the formulae I and/or II may 

15 also be combined. 

Combinations with photolytic ac~d donors used to date, 

for example onium salts, such as diazonium, phosphonium, 

sulfonium and iodonium salts of nonnucleophilic acids, 

for example of BSbF61 HAsF, or BPF61 halogen compounds, in 

20 particular trichloromethyltriazine derivatives or tri-

-chloromethyloxadiazole 

sulf onyl chlorides or 

derivatives, 

combinations 

o-quinonediazide­

of organometallic 

.. compounds and o'rganohalogen compound·s are also possible, 

but the abovemention~d d~sadvantages once again occur to 

25 a pronounced extent. 

The amount of compounds of the general formulae I and/or 

II in the mixture according to the invention is in 

general 0. 5 to 25% by weight, preferably 1 to 10% by 

weight, based in each case on the total weight of the 

30 solids in the mixture. 

In addition to the photosensitive acid generators of the 

general formula I or II, the mixtures according to the 

invention contain an acid-sensitive compound and a film­

forming polymer. Depending on the type of acid-sensitive 
35 compound, the mixture according to the invention may be 
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positive-working or negative-working. In the case of 
positive-working materials, mixtures having acid­
cleavable solubility inhibitors are preferred. 

In particular 1 the following have proven suita,ble as 
5 acid-cleavable material ·in the radiation-sensitive 

mixture according to the invention: 

10 

15 

20 

25 

a) Compounds having at least one orthocarboxylic ester 
and/or carboxamidoacetal group, it being possible 
for the compounds also to have polymeric character 
and for the stated groups to occur as linking 
elements in the main chain or as pendant 
substituents, 

·h) oligomeric or polymeric compounds having repeating 
acetal and/or ketal groups in the main chain, 

c) compounds having at least one enol ether or N-
acyliminocarbonate group, 

d) cyclic acetals or ketals of £-ketoesters or -amides, 
e) compounds having silylether groups, 
f) compounds having -silyl-enol ether groups, 
g) monoacetals or monoketals whose aldehyde or ketone 

com~onent has a solubility in the developer of from 
0.1 to 100 g/1~ 

h) ethers based on tertiary alcohols, 
i) carboxylic esters and carbonates whose . alcohol 

component is a tertiary alcohol, an allyl alcohol or 
a benzyl alcohol, 

j) N,0-acetals, in particular N,O-polyacetals. 

Mixtures of the stated acid-cleavable materials may also 
be used, although this is less preferable. Among the 

30 stated acid-cleavable materials, those having C-0-C bonds 
are ·preferred. Materials which are of the types (a), 
(b), (g), (i) and (j) are particularly preferred. Under 
type (b), the polymeric acetals are to be singled out; 
among the acid-cleavable materials of type (g), in 

35 particular those whose aldehyde or ketone component has 
a boiling point greater than 150°C, preferably greater 
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than 2 0 0 ° C. However, the N, 0-acetals of the type ( j ) are 

very particularly preferred. 

The amount of acid-cleavable compounds in the radiation­

sensi ti ve mixture according to the invention should be 1 

5 to 50% by weight, preferably 5 to 40% by weight, based in 

each case on the total weight of the solids • 

. For a negative-working mixture, suitable acid­

crosslinkable compounds are resols and aromatics, hetero­

cycles and monomeric or oligomeric melamine/formaldehyde 

10 or urea/formaldehyde condensates, which are each poly­

substituted by hydroxymethyl~ alkoxymethyl, in particular 

'• methoxymethyl I acetoxymethyl or glycidyl. Examples of 

·suitable resols are in pa~ticular the commercially 

available <R>Bakelite R 5363, R 17620 and R 10282 and 

15 <R>Kelrez 40-152. In the deep UV range, resol derivatives 

result in relatively high absorptions which may adversely 

affect image reproductions and are therefore not 

preferred. 

20 

25 

The known crosslinking agents of the general formula III 

in which 

A 

B 

y 

(III) 

. is -B- or -B-Y-B- and 

is the divalent radical of an unsubstituted or 

substituted mononuclear aromatic hydrocarbon or 

of an oxygen- or sulfur-containing heterocyclic 

aromatic compound, 

is a single bond, 

alkylenedioxy whose chains may be interrupted 

by oxygen atoms, or is -o-, -S-, -S02-, -co-, 
30 -co2 - 1 -o-co2-, -co~NH- or phenylenedioxy, 

R4 and R6 are hydrogen, ( c1-c,) alkyl, C5 - or c,­
cycloalkyl, unsubstituted or substituted (C,­

C12)aryl, (C,-C12 )aralkyl or acyl, 
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is hydrogen, (C1-C4 )alkyl or unsubstituted or 

substituted phenyl, 

0 is an integer from 1 to 3 ·and 

p . 
l.S an integer from 0 to 3, the sum 

5 o+p being at least 2 are suitable. 

Finally, low molecular weight or oligomeric silanols may 

also be used as crosslinking agents. Examples of these 

are dimethylsilanediols or diphenylsilanediols or pre­

condensed oligomers containing these units. 

10 The crosslinking agents are capable of crosslinking with 

.the polymers described below at elevated temperatures 

under the influence of the photolytically produced acid; 

. they can form a carbonium cation under the conditions 

described above. 

15 The amount of acid-crosslinkable compounds in the 

radiation-sensitive·mixture according to the invention is 

1 to 50% by weight, preferably 5 to 40% by weight, based 

in each case on the total weight of the solid components 

of the mixture. 

20 The ~ixtures according to the invention furthermore 

contain at least one polymeric binder which is insoluble 
. . 

in water but soluble or at least swellable in aque6us 

alkaline solutions. The binder readily dissolves the 

other components of the mixtures according to the inven-

25 tion and has as low a self-absorption as possible, i.e. 

high transparency, in particular in the wavelength range 

from 190 to 300 nm. 

Owing to their high self-absorption in the stated wave­

length range, novolak condensation resins can therefore 

30 be used only together with other, more highly transparent 

binders. The mixing ratios ~epend predominantly on the 

type of binder to be ·mixed with the novolak resin. In 

general, the binder of the radiation-sensitive mixture 

according to the invention may contain up to 30% by 
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weight, in particular up to 20% by weight, of a novolak 

condensation resin. 

Suitable binders are homo- or copolymers of 4-hydroxy­

styrene and of its alkyl derivatives, for example of 3-

5 methyl-4-hydroxystyrene or of 2, 3- or 3, 5-dimethyl-4-

hydroxystyrene, and homo- or copolymers of other poly­

vinylphenols, for example of 3-hydroxystyrene, or acryl­

ates or acrylamides which have phenolic hydroxy groups. 

Polymerizable compounds, such as styrene, methacrylic 

10 acid/methacrylate, accylic acid/methacrylate or the like, 

may be used as comonomers in·the copolymer. 

Mixtures having a high plasma stability are obtained when 

· sil.:i,con-containing vinyl monomers, for example vinyl­

trimethylsilane, are usea for the preparation of copoly-

15 mers of the above type. The transparency of these 

binders is in general even higher in the range of in­

terest, so that improved structuring is possible. 

Homo- or copolymers of maleimide may also be used with 

the same. success. These binders, too, have high trans-

20 parency in the ·wavelength range described. Here too, 

styrene, substituted styrenes, vinyl ethers, vinyl 

esters, vinylsilanyl compounds or .. (_meth) acrylates are 

preferably used as comanomers. · 

Finally, copolymers of styrene with comonomers which 

25 result in an increase in solubility in aqueous alkaline 

solutions may also be used. These include, for example, 

maleic anhydride and maleic half-esters. 

Provided that the optical qualities of the mixtures 

according to the invention are not adversely affected, 

30 combinations of the stated binders are possible in the 

mixture according to the inve~tion but are not preferred. 

The extinction of the binder or of the combination of 

binders for radiation of wavelength 248 nm is preferably 
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less than 0. 35 µm- 1
, particularly preferably less than 

0.25 µm-1 • 

The glass transition temperature of the binder or of the 

combination of binders.is advantageously at least 120°C. 

5 The amount of binder is in general 1 to 95% by weight, 

preferably 5 to 90% by weight, particularly preferably 30 

to 85% by weight, based in each case on the total weight 

of the solid components of the radiation-sensitive 

mixture. 

10 ~n order to meet specific requirements, such as flexibil­

ity, adhesion and gloss, substances such as polyglycols, 

.cellulose derivatives, such as ethylcellulose, dyes, 

pigments, plasticizers, wetting agents and leveling 

agents may also be added to the radiation-sensitive 

15 mixtures according to the invention. 

Finally, the present invention also relates to a record­

ing material having a substrate and a radiation-sensitive 

layer comprising the mixture according to the invention. 

The recoJ::ding material is usually produced by coating the 

20 substrate with a solution of this mixture. 

Suitable solve~t~ fo:i;- this .purpose are in particulhr 

ethylene glycol, glycol ethers (such as glycol monomethyl 

ether, glycol dimethyl ether and glycol monoethyl ether), 

propylene glycol monoalkyl ethers (such as propylene 

25 glycol tnonomethyl ether), aliphatic esters (such as ethyl 

acetate, hydroxyethyl acetate, alkoxyethyl acetate, 

n-butyl acetate and amyl acetate), propylene glycol mono­

alkyl ether acetates (such as propylene glycol methyl 

ether acetate), ethers (such as tetrahydrofuran and 

30 dioxane), ketones (such as methyl ethyl ketone, methyl 

isobutyl ketone, cyclopentanone and cyclohexanone), DMF, 

dimethylacetamide,hexamethylphosphorotriamide,N-methyl­

pyrrolidone and butyrolactone and any mixtures thereof. 

Glycol ethers, aliphatic esters and ketones are 
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particularly preferred. 

Finally, the choice of the solvent or solvent mixture 

depends on the coating method used, on the desired layer 

thickness and on the drying conditions. Furthermore, the 

5 solvents must be chemically neutral, i.e. they may not 

undergo irreversible reactions with the other components 

of the layer. 

The solutions used for coating have, as a rule, a solids 

content of 5 to 60% by weight, preferably 10 to 50% by 

10 weight. 

.. 
_ ~u~~able substrates are all materials of which capaci-

. tors, semiconductors, multilayer printed circuits or 

integrated. cirq~its consist or .. from which they can be 

produced. In particular, surfaces comprising thermally 

15 oxidized and/or aluminum-coated silicon material, which 

may also be doped, including all other substrates conven­

tionally used in semiconductor technology, such as, for 

example, silicon nitride, gallium arsenide and indium 

phosphide, may be mentioned. The· substrates known from 

20 the production of liquid crystal displays 1 such as glass 

_and indium tin oxide, as well as metal sheets and foils 

(for ·example of aluminum, copper or zinc) , bimetallic and 

trimetallic foils and elect:r;i~alJ.y nonc~n~uctive fi~ms . 

which are coated with metals by vapor depositi~n and 

25 uncoated or aluminum-coate~ Si02 materials and paper, are 
also suitable. These substrates may be subjected to a 

heat pretreatment, may be roughened on the surface, 
etched or treated with chemicals to improve desired 

30 

properties, for example the 

hydrophilic character. 

enhancement of the 

In order to achieve better adhesion of the resist layer 
on the substrate, the mixture may contain an adhesion 

promoter. The substrate surface may also be pretreated 

with an adhesion promoter._ In the case of silicon or 
35 silica substrates, adhesion promoters of the aminosilane 
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type, such as 3-aminopropyltriethoxysilane or hexamethyl­

disilazane, are suitable for this purpose. 

Suitable substrates for the production of printing plates 

(letterpress printing, lithographic printing, screen 

5 printing and relief copies) are aluminum sheets (if 

necessary anodically oxidized, grained and/or treated 

with silicate) , zinc and steel sheets {if necessary 

chromium-plated) and plastic films or paper. 

The recording material according to the invention is 

10 exposed imagewise. Sources of actinic light are: metal 

halide lamps, carbon arc lamps, xenon lamps and mercury 

vapor lamps. Exposure to high-density radiation, such as 

·las.er radiation, electron radiation or X-rays, is also 

possible. However, lamps which can emit light having a 

15 w~velengtb of 190 to 260 run are particularly preferred, 

i.e. in particular xenon and/ or mercury vapor lamps. 

Laser light sources, for example excimer lasers, in 

particular KrF or ArF lasers, which emit at 248 and 

193 run, respectively, may also be used. The radiation 

20 sources must have sufficient emission in the stated 

w~velength ranges. 

The layer thickness varies depending on its field of use. 
It is from 0 .1 to· 10.0 · µm, .. in par~icuiar froni 1 to 10 µm. 

The radiation-sensitive mixture can be applied to the 
25 substrate by spraying on, flow coating, roll coating, 

spin coating and immersion coating. Thereafter, the 
solvent is removed by evaporation so that the radiation­

sensitive layer remains behind on the surface of the 

substrate. If required, removal of the solvent can be 
30 promoted by heating the layer to temperatures of up to 

150°C. However, the mixture may also initially be 
applied in the abovementioned manner to a temporary 
substrate from which it is transferred under pressure and 

at elevated temperature to the final substrate. In 
35 principle, all materials also shown to be suitable 
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substrates may be used as temporary substrates. The 

layer is then exposed imagewise. Thereafter, an image is 

revealed in the layer by treating the layer :with a 

developer solution which dissolves or removes the exposed 

5 parts of the material. 

In particular, aqueous solutions of silicates, meta­

silicates, hydroxides, hydrogen phosphates or dihydrogen 

phosphates, carbonates or bicarbonates are used as 

developers. Developers which are free of metal ions are 

10 preferred. The content of these substances in the 

developer solution is in .general 0.1 to 15% by weight, 

preferably 0.5 to _5% by-weight, based on the weight of 

the.developer.solution. 

The developer may contain small amounts of a wetting 

15 agent in order to facilitate removal of the exposed parts 

in the developer. 

The developed resist structures are, if required, post­

cured. This is generally effected by heating the resist 

structure on a hotplate to a temperature below the flow 

20 temperature and then exposing it uniformly to UV light 

from a. xenon/mercury vapor lamp (range from 200 to 

250 nm). As a result of this postcuring, the resist 

structures· are crosslinked so that the structures have-a 

flow resistance in general up to temperatures of above 

25 ioo 0 c. The postcuring may also be effected without a 

temperature increase, by exposure to high-energy UV 

light. 

The mixture according to the invention is preferably used 

in lithographic processes for the production of in-

30 tegrated circuits or of discrete electrical modules. The 

recording m~terial produced from the .mixture serves as a 

mask for the subsequent process steps. These includer 

for example, etching of the substrate, implantation of 

ions in the substrate or deposition of metals or other 

35 materials on the substrate. 
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Preparation Example 1 

A solution of 5 g (30 mmol) of 1-phenyl-2,2,2-trifluoro­

ethanol in 100 ml of diethyl ether was added to a suspen­

sion of 1.05 g of sodium hydride (80%.strength dispersion 

5 in mineral oil; 35 nunol) in 100 ml of diethyl ether. 

Stirring was carried out for 1 hour at room temperature, 

after which 5.7 g (30 nunol) of toluene-4-sulfonyl chlor­

ide, dissolved in 100 ml of diethyl ether, were added 

dropwise. The mixture was stirred for 8 hours at room 

10 temperature and allowed to stand overnight. After 

fil~ration of the salt, the organic phase was extracted 

by shaking with water and was dried. After evaporating 

down and recry~tallizlng the _residue, f_rom petroleum 

ether/diethyl ether,·::/ .2 g of 2,'2,2-trifluoro-1-phenyl-1-

is ·(toluene-4-sulfonyloxy)-ethane remained (colorless 

crystals, melting point (m.p.): 115°C). 

l-Phenyl-2,2,2-trifluoroethanol was obtained by reducing 

phenyl trifluoromethyl ketone with sodium borohydride. 

Preparation Example 2: 

20 0.9 g {30 nunol) of sodium hydride (80% strength disper­

sion in mineral oil) was added to 5 g (26 nunol) of 1,1,1-

trifluoro-2-phenylpropan-2-ol in 125 ml of diethyl ether 

at room temperature. 

1 hour, and 4 • 75 g 

The mixture was stirred for about 

( 25 mmo;I.) of toluene-4-sulfonyl 

25 chloride were then added ·in portions. · ·stirring was 

carried out ·for 60 hours at room temperature, after which 

the undissolved constituents were filtered off and the 

solution was then cooled. 4.3 g of 1,1,1-trifluoro-2-

phenyl-2-(toluene-4-sulfonyloxy)-propane were obtained 

30 (colorless crystals, m.p.: 102°C (recrystallized from 

diethyl ether]). After the mother liquor had been 

evaporated down, a further 1.6 g of the desired compound 

could be isolated. 

1,1,1-Trifluoro-2-phenylp+opan-2-ol was prepared from 

35 benzene and 1,1,1-trifluoroacetone by an A1Cl3-catalyzed 

Friedel-Crafts reaction. 
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Preparation Example 3! 

5.2 g (25 mmol) of 1-cyano-2,2 1 2-trifluoro-1-phenyl­
ethanol were dissolved in 50 ml of DMF, and 0.9 g 

(30 mmol) of sodium hydride (80% strength dispersion in 
5 mineral oil) was added. 5.5 g (29 mmol) of toluene-4-

sulfonyl chloride were added in portions to the virtually 
clear solution after about 1 hour. The mixture was 
stirred for 8 hours, allowed to stand overnight and then 

poured into water. The oily liquid which separated out 
10 solidified on cooling. The solid was filtered off with 

suction and dried. 6.3 g of 1-cyano-1-phenyl-l-(toluene-

4-sulfonyloxy)-2,2,2-trifluoroethane were obtained 

(colorless crystals, m.p.: 70°C [fro~ ligroin]) • 

. l-Cyano-1-phenyl-2,2 1 2-trifluoroethanol was prepa:red from 

15 · a, ex, a-trifluoroacetophenone by a cyanohydrin reaction 

with potassiuin cyanide. 

Preparation Example 4: 
5.16 g (20. mmol) of 1,1,1,3,3,3-hexafluoro-2-p-tolyl­

propan-2-ol were dissolved in 50 ml of methylene chlor-

20 i~e, and 2.8 g (28 mmol) of triethylamine were added. 

3.2 g (22 mmol) of methanesulfonyl chloride were added 

drop~ise, while stirring, to the solution cooled to 5°C. 
After warming ~p to room temperature, the mixture was 
allowed to stand"overnight. The precipitated salt was 

25 filtered off and the organic solution was evaporated 
down. The subsequent chromatography (silica gel/ 
methylene chloride) gave 4. 8 g of 2-methanesulfonyloxy-2-

p-tolyl-l, l, 1,3 ,3,3-hexafluoropropane (pale yellow oil). 

1,1,1,3,3,3-Hexafluoro-p-tolylpropan-2-ol was prepared 
30 from toluene and hexafluoroacetone by an A1Cl3-catalyzed 

Friedel-Crafts reaction. 

Preparation Example 5: 

12 g (44.4 mmol) of 1,l,l,3,3,3-hexafluoro-2-(3-vinyl­
phenyl)-propan-2-ol were dissolved in 50 ml of anhydrous 

35 DMF, and a spatula tip of 2-tert-butyl-hydroquinone 
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(10 mg} was added for stabilization. 1.5 g (50 mmol) of 
sodium hydride were then added while stirring and cooling 

with ice at about s0 c. After everything had diss~lved, 

9.92 g (47 nunol) of 4-chlorobenzenesulfonyl chloride were 

5 added at the same temperature. The mixture was stirred 

for 72 hours at room temperature, methylene chloride was 
then added and the mixture was washed with water, dried, 

filtered and evaporated down. The residue obtained was 

chromatographed with hexane/chloroform over a silica gel 
10 column. 16.65 g of 2-(4-chlorobenzenesulfonyloxy)-

1,1,1,3,3,3-hexafluoro-2-(3-vinylphenyl)-propane (= 

2, 2, 2·-trif luor.o-1-trif luorornethyl-1- ( 3-vinylphenyl )--ethyl 

4-chlorobenze~esulf~nate) were:. isolated {colorless crys­

tals, m.p·.: 70°C). 

15 The 1, 1, 1, 3, 3, 3-hexafltioro-2-.(3-vinylphenyl )-propan-2-ol 
was obtained from 3-bromostyrene by reaction with (i) 

magnesium and·(ii) hexafluoroacetone. 

Preparation Example 6: 

4.1 g (10 mmol) of l,3-bis-{1-hydroxy-l-trifluoromethyl-
20 2,2,2-trifluoroethyl)-benzene were dissolved in 50 _ml of 

methylene chloride, and 2.5 g (25 rnmol) of triethylamine 
were added. 3. 64 g (25 mmol) of methanesulfonyl chloride 

were then added dropwise. The mixture was stirred for 8 

hours at room temperature, separated off from the 
25 precipitated salt and evaporated down. 5.6 g of 1,3-bis­

(1-methanesulfonyloxy-1-trifluoromethyl-2,2,2-trifluoro­
ethyl)-benzene were obtained (colorless crystals, m.p.: 
125°C [from diisopropyl diether)). 

Preparation Example 7: 

30 10.1 g {15.2 mmol) of 1,1,1,3,3,3-hexafluoro-2,2-bis-(4-
methyl-3-{2,2 ,2-trifluoro-1-hydroxy-1-trifluoromethyl­
ethyl)-phenyl]-propane were dissolved in SO ml of meth­
ylene chloride, and 3.4 g (33 mmol) of triethylamine were 

added at 0°C. 4.0 g (34.7 mmol) of methanesulfonyl 
35 chloride in 20 ml of methylene chloride were added 

dropwise at 0 to 5°C. The mixture was stirred for 
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24 hours at room temperature, separated .off from the 
precipitated salt, washed with water, dried and 
evaporated down. The oily residue was recrystallized. 
9.2 g of 1,1,1,3,3,3-hexafluoro-2,2-bis-[4-methyl-3-

5 (2,2,2-trifluoro-1-methanesulfonyloxy-1-trifluoromethyl-
ethyl) -phenyl ]-propane were obtained (colorless crystals, 

m.p.: l35°C [from toluene]). 

The starting compound was prepared from 1,1,_1,3,3,3-
hexafluoro-2 ,2-di-p-tolylpropane by reaction with (i) 

10 bromine, (ii) magnesium and (iii) hexafluoroacetone. 

Preparation Example a: - . 
4 .1. g ( 10 mmol) of 1,:4.:bis-{2, 2, 2-trifltioro-1-hydroxy-l-

· trifluoromethylethyl )-benzene were dissolved in 50 ml of 
methylene chloride, and 2.5 g (25 mmol) of triethylamine 

15 were added. 2. 86 g (25 nmiol) of methanesulfonyl chloride 
were added dropwise at 5 to 10°C. T4e mixture was 
stirred for 48 hours at roe~ temperature, separated off 
from the precipitated salt, washed with water, dried and 
evaporated down. The residue was chromatographed over a 

20 silica gel column with methylene chloride/n-hexane ( 1: 1) • 
3.2 g of l,4-bis-(2,2,2-trifluoro-1-methanesulfonyloxy-1-
trifluoromethylethyl )-benzene were obtained (colorless 
crystals / m.p.·: 151°C [from diisopropyl ether]). 

1.4 g of 1-(2,2,2-trifluoro-1-methanesulfonyloxy-1-
25 trifluoromethylethyl)-4-(2,2,2-trifluoro-l-hydroxy-1-

trifluoromethylethyl)-benzene were isolated as a by­
product (colorless crystals 1 m.p.: 160°C). 

Preparation Example 9: 

4.25 g (10 mmol) of 2,4-bis-(2,2,2-trifluoro-l-hydroxy-l-
30 trifluoromethylethyl)-toluene were dissolved in 50 ml of 

methylene chloride, and 2.5 g (25 mmol) of triethylamine 

were added. 2.8~ g (25 mmol)· of methanesulfonyl chloride 
were added dropwise at 5 to 10°C. The mixture· was 
stirred for 16 hours at room temperature, separated off 

35 from the precipitated salt, washed with water, dried and 
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evaporated down. The residue was chromatographed over a 

silica gel ·column with methylene chloride/n-hexane (1:1). 

After the eluate had been evaporated down, 2.9 g of ,2,4-

bis-{ 2, 2, 2-trifluoro-l-methanesulfonyloxy-l-

5 trifluoromethylethyl) -toluene were obtained (colorless 

crystals, m.p.: 107°C). 

Preparation Example 10: 
4.1 g (10 nunol) of 1,3-bis-(2,2,2-trifluoro-l-hydroxy-l­
trifluoromethylethyl)-benzene were dissolved in 20 ml of 

10 dry DMF, and 0.75 g (25 mmol) of sodium hydride (80% 

strength dispersion) was added. The clear solution 

formed was. stirred ··for a further '30 minutes. 3. 22 g 
... . .. 

( 25 mmol) of. · e_thanesulfonyl chloride w.as then added 
.dropwise at 10 to 15°C. The mixture was stirred for 

15 48 .hours at room temperature, separated off· ~rom the 
precipitated salt, washed with water, dried and evapora­
ted down. The residue was eluted over a silica gel 

column with methylene chloride/n-hexane (1:1). 3.5 got 

1,3-bis-(1-ethanesulfonyloxy-2,2,2-trifluoro-1-trifluoro-

20 methylethyl)-benzene were obtained (colorless crystals, 

m.p.: 67°C). 

1.2 g of 1-(l-ethanesulfonyloxy-2,2,2--t;.riflu·oro-1-tri­

fluoromethylethyl)-3-{2,2,2-trifluoro-1-hydroxy-l-tr~-. . 
fluoromethylethyl}-benzene were isolated as a byproduct 

25 {colorless crystals, m.p.: 64°C). 

30 

Preparation Example 11: 
4.27 g (10 nun.al) of 2,4-bis-(2,2,2-trifluoro-1-hydroxy-l­
trifluoromethylethyl)-phenol were dissolved in 40 ml of 
dry DMF, and 1.05 g (35 ro:mol) of sodium hydride (80% 
strength dispersion} were added. The clear solution 
formed was stirred for a further 30 minutes. 4.0 g 

( 35 nunol) of methanesulfonyl chloride were added dropwise 
at 5°C. The mixture was stirred for 48 hours at room 
temperature and poured into ice water. The precipitate 

35 was separated off, washed with an aqueous ethane~ solu­
tion and dried. The residue was chromatographed over a 
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silica gel column with methylene chloride. 2.2 g of l, 3-

bis-(2, 2, 2-trifluoro-1-methanesulfonyloxy-l-trifluoro­

methylethyl)-4-methanesulfonyloxybenzene were ob~ained 

(colorless crystals, m.p.: 149°C). 

5 Preparation Example 12: 

4.1 g (10 mmol) of l,3-bis-(2,2,2-trifluoro-1-hydroxy-1-

trifluoromethylethyl)-benzene were dissolved in 20 ml of 
dry DMF, and O. 75 g (25 mmol) of sodium hydride (80% 
strength dispersion} was added. The clear solution 

10 formed was stirred for a further 30 minutes. 4. 75 g 

(25 mmol) of toluene-4~sulfonyl chloride in 15 ml of DMF 

were added dropwi~e {it 10 :to 15°C. The mixture was 
stirred for 48 hours at room temperatu~~ and poured into 

~ . 
. water. The crystalline precipitate was filtered off / 

15 washed with water and dried. ~he residue was chromato­
graphed over a silica gel column with methylene chloride. 

3.5 g of l,3-bis-[2,2,2-trifluoro-l-(toluene-4-sulfonyl-

oxy)-1-trifluoromethylethyl]-benzene 
{colorless crystals, m.p.: 131°C). 

were obtained 

20 Preparation Example 13: 

4.1 g (10 mtnol) of l,3-bis-(2,2,2-trifluoro-l-hydro~-l­
trifluoromethylethyl }-benz.ene were· dissolved in 20 ml of 

dry .PMF, ·and O. 75 g (25 mmol) of ·sodium hydride (80% 

strength dispersion) was added. The clear solution 
25 formed was stirred for a further 30 minutes. 5 .25 g 

(25 mmol) of 4-chlorobenzenesulfonyl chloride in 15 ml of 
DMF were then added dropwise at 10 to 15°C. The mixture 
was stirred for 48 hours at room temperature and poured 
into water. The crystalline precipitate was filtered 

30 off 1 rinsed with water and dried. The residue was 

chromatographed over a silica gel column with methylene 

chloride. 4.2 g of 1,3-bis-[l-(4~chlorobenzenesulfonyl­
oxy)-2,2,2-trifluoro-l-trifluoromethylethyl]-benzene were 
obtained (colorless crystal~, m.p.: 125°C). 

35 Preparation Example 14: 

7.75 g (30 rnmol} of l,l,1,3,3,3-hexafluoro-2-p-tolyl-
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propan-2-ol were dissolved in 45 ml of DMF, and 1.2 g 

(40 mmol) of NaH (80% strength dispersion in mineral oil) 

were added. After a clear solution had formed, · 5. 0 g 

(14 mmol) of 2,4,6-trimethylbenzene-l,3-disulfonyl 

5 chloride were added and the mixture was stirred for a 

further 72 hours at room temperature. The mixture was 

poured into water and the precipitated product was 

filtered off and dried. 7.8 g of 1,3,5-trimethyl-2,4-

bis-(2,2,2-trifluoro-1-p-tolyl-1-trifluoromethylethoxy-

10 sulfonyl)-benzene were obtained (colorless crystals, 

m.p.: 178°C [from acetonitrile]). 

. . 

Preparation Example 14A: 

· ·4 .5 g (7. 8~ mmol) of 1,3 ,s-tris-(2 ,'2 ,2-trifluoro-1-

. hydroxy-1-t~ifluoromethylethyl)-benzene were dissolved in 

15 40 ml of dry DMF, and O. 95 g ( 31.5 mmol) of sodium 

hydride was added while flushing with nitrogen. After 

dissolution of the hydride, 6.56 g (30 mmol) of 4-iso­

propylbenzenesulfonyl chloride were added at 0 to 5°C. 

Slight evolution of heat was observed. The mixture was 

20 stirred for 20 hours at 5°C, ethyl acetate was added and 

the mixture was washed with water, dried, filtered and 

evaporated down. 9.6 g of crude product were obtained, 

and said crude product. was eluted over a silica gel 

column with a 1:1 mixture of methyle~e-~hloride/hexane. 

25 The ·third fraction obtained wa~ freed from the -solvent 

and gave 6.8 g of l,3 1 5-tris-[2,2,2-trifluoro-l-(4-

isopropylbenzenesulfonyloxy)-1-trifluoromethylethyl]­

benzene. M.p. 105°C. 

Preparation Examples 15 to 209: 

30 The compounds of the general formula I which are shown 

below in Tables 1 and lA and in which n = 1 were prepared 

similarly to Preparation Examples 1 to 5, the number in 

the·final column of the Table indicating the analogous 

Example in each case. Table 2 shows compounds of the 

35 general formula II in which fluorinated bis-(2-hydroxy­

propane) derivatives were esterified according to Prep­

aration Examples 6 to 13 with two or three times the 
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molar amount of sulf onyl chloride. Table 3 shows ex-

amples of compounds of the general formula I where n = 2 

or 3, in which a polyfunctional sulf onyl chloride was 

esterified according to Preparation Example 14 with 

5 fluorinated 2-hydroxypropane derivatives. 
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Table 1 
Compounds of the general formula I 

R1-C(CF3 ) (R2 }-0-S02-R3 

No. R:l R2 R3 according 

s to Example· 

15 -c6Hs -H -C6H4-Cl(p) l 

16 -c6H4-cH3 (p) -H -c6H4-CH3 (p) 1 

17 -c6H4-oCH3 (p) -H -c6H4-CH3(P) 1 

18 -c6H4Br(p)- -H -c6H4-CH3 (p) l. 

19 -CsH4-C~3-{:m) -H -c6H4 -CH3_ (p) l. 

-20 -C5H5 -CH3 -C6H4-Cl(p} . 2 

21 . -c6H4-cH3 (p) -CH3 -c6H4-cH3 (p) 2 

22 -c6H4-cH3 (m) -CH3 -c6H4-CH3 (p) 2 

23 -C6H4-c6H5(P) -CH3 -C6H4-CH3 (p) 2 

24 -c6H4Cl(p)- -CH3 -c6H4-cH3(P) 2 

25 -CsH4Cl(m)- -CH3 -c6H4-CH3 (p) 2 

26 -c6H4-cF3 (p) -CH3 -c6H4-CH3 (p) 2 

27 -c6H4-CF 3 {m) -CH3 -c6H4-cH3 (p) 2 

28 .;:;.C5H5 -CN -c6H4-cH3 (p) 3 

29 -c6H4-cH3 (p) -CN -C6H4-CH3 (p) 3 
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Table lA 

Compounds of the general formula I, in which R2 = -CF3 

No. 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

-C6H5 

-C6H5 

-c6H5 

-C6H5 

-C5H5 

-C6H5 

-C6H5 

-C6H5 

-c6Hs 

-C6H5 

-C6H5 

-c6Hs 

-C6H5 

-C6H5 

· -c6H4 -CH3 (~) . 

-c6H4 -CH3 (p) 

-C6H4-cH3 (p) 

-c6H4 -CH3 (p) 

-c6H4-CH3 (p) 

-c6H4-CH3(P) 

-c6H4-CH3 (p) 

-c6H 4-CH3 (p), 

-CH3 

-CF3 

-cH2-c2H5 

~cH2-c6H5 
-c6H4-cH3(p) 

-c6H4 Cl(p) 

-c6H4-No2 (p) 

-c6H4-co2 cH3 (p) 

-c6H4-co2 CH3 (m) 

-c6H4-oBun(p") 

-c6H4-0CF3 (p) 

-.B-C10H7 

s-c1-thi9phen~2-y1 

according 
to ~xample 

4-C6H5-so2-thiophen-2-yl 

·.~C2H5 

-C4H9 

-C12H25 

-c6H4-cH3 (p) 

-c6H4Cl(p)-CH3 (o) 

-c6H4Cl(p) 

-c6H3F2 (2,4)-

-c6H3Cl2(2,4)-

4 

* 
5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

4 

5 

4 

5 

5 

5 

5 

5 

5 

5 
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Rl R3 according 
No. to Ex~ple 

52 -c6H4 -CH3 (P). -c6H3c12 (3,4)- 5 

53 -c6H4-CH3 (p) -c6H3Cl2 (2,5)- 5 

54 -c6H4-cH3 (p) . -c6H3cl2 (3, 5) 5 

55 -c6H4-CH3 (p) . -c6H2Cl3 (2,3,4) 5 

56 -c6H4-cH3 (p) -C6H2cl3 (2,4,6) 5 

57 -c6H4-cH3 (p) -c6H4-CN(o) 5 

58 -c6H4-cH3 (p) -c6~4-CH(CH3 ) 2 (p) 5 

59 -c6H4-tH3 (p) -C6H4-C(CH3)3(P) 5 
,• 

·6b -c6H4-cH3 (p) -C6H(CH3) 4 (2,3,S,6) ·s 

61 -c6H4-CH3 (p) -C5H4-0-CaH17 5 

62 -C6H4-CH3 (p) -c6H4-0(CH2) 2-c6Hs 5 

63 -c6H4-cH3 (p) -c6n4-0"(CH2) 3-c6n5 5 

64 -C6H4-cH3 (p) -c6n4-0(CH2) 2o-c6H5 5 

65 -c6H4 -CH3 (p·) -?6H4-0(CH2 ) 3o-c6H~ 5 

66 -c6H4-cH3 (p) -C6(CH3)5 5 

67 -C6H4 -CH3 {p·~ ·~-C10H7 5 

68 -c6H4-CH3 (p) · 4-cl-a-c10u 6·: · 5 

69 -c6H4-cH3 (p) Anthraquinon-2-yl 5 

70 -C6H4-cH3 {p) Thiophen-2-yl 5 

71 -c6H4-cH3 (p) 2,s-c12-thiophen-3-yl 5. 

72 -c6H4-cH3 {p) 4 1 5~Br2-thiophen-2-yl 5 

73 -c6H4-CH(CH3 ) 2 (p} -c6H4F(m} 5 

74 -c6n 4-Bun(p) -C6H2cl3 (2,3,4) 5 

75 -c6H4-C(CH3) 3 (p) -CF3 _ * 
76 -c6H3 (CH3 ) 2 (2,5) -c6H4-C(CH3 ) 2-c2H5 (p) 5 
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No. Rl R3· 
according 
to Example 

77 -c6H4F(p) -CH3 4 

78 -c6H4F(p) -c6H4-CH3 (p) 5 

79 -C6H4F(p) -c6H:4-0(CH2 ) 2-c6H5 5 

80 -c6H4F(p) -C6H4-0(CH2)3-C6H5 5 

81 -c6H4F(p) -c6H4-0(CH2)30-C6Hs 5 

82 -c6lt4Cl(p) -c6H4-CH2-c2H5(P) 5 

83 -c6H4Cl(p) -c6HF2 (3,6)Br2 (2,S) 5 

.a·4 -c6H4Cl(p) -c6H4I(p) 5 

85 -c6H4Cl(p) -c6H4-0(CH2) 3-c6Hs(P) 5 

86 -c6H4Cl(m) -c6H4-CH3 {p) 5 

87 -c6H4Cl (o) -c6H4Br(p) 5 

88 -c6H4Br(p) -c6H4-CN(p) 5 

89 -c6H4-ocH3 (o) -c6H4-0(CH2) 2-c6H5 (p) 5 

90 -c6H4-0CH3 (o} -C6H3cl2 (2,3) 5 

91 -C5H4-0CH) (o) Cl-C10H7 5 

92 _-c6~4-0CH3 (p) -C2H5 4 

93 -c6H4-oCH3 (p.} -C5H4-CH3 (p} 5 

94 -c6R4-ocH3 (p) 4,5-Br2-thiophen-2-yl 5 

95 -C6H3 (0CH3 ) 2 (J,4) -c6H3cl2 (3, 4) 5 

96 -C6H4-oBu n fl-C10H7 5 

97 -C6H4-N(CH3) 2 (p) -c6H3F-CH3 (3,5) 5 

98 -c6H4-CH=CH2 (p) -CH3 4 

99 -C6H4-CH=CH2 (p) -c6H4-cH3 (p) 5 

100 -c6H4-cH=CR2 (p) -c6H4-0(CH2 ) 2-c6Hs(P} 5 

101 -c6H4-CH=CH2 (p) ~c6H4 -o(CH2 ) 30-C6H5 (p} 5 
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No. Rl RJ according 
to E~ple 

102 -c6H4-CH=CH2 (p) -c6H4Cl(p) .5 

103 -c6H4-CH=CH2 (p) /3-C10H7 5 

104 -c6H4-CH=CH2(m) -C2H5 s 

105 -c6H4-CH=CH2 (m) -c6H4-cH3 (p). 5 

106 -c6H4-CH=CH2 (m) -:C6H4-013un (p) 5 

107 -c6H4-CH=CH2 (m) . -c6H4-oc2H4-C6H5 (p) 5 

108 -c6H4-CH=CH2(m) 
.. -c6H4-0(CH2 ) 3o-c6H5 (p) 5 

109 -c6H4-CH=CH-CH3 (m) _-c6H4:--CH3 (p) 5 

11.0 -c6H4-C=C-CH3 (p) -C6H5 5 

111 -c6H4-C5H5 (p} -cH3 4 

112 -c6H4-c6H5 (p) -C2H5 s 

113 -c6H4-c6H5 (p) -c6H4-Cl(p) 5 

114 -c6H4-oCH2-C5H5 (p} -c6H4Br(p} 5 . 

115 -c6H4 -OCH2-c6H5 (m) -C5H5 s 

116 -c6H4-sCH3 {p) -c6H3 C12 ("3, 4) s 

117 -c6H4-so2-cH3 (p) -C2H5 4 

118a -c6H4-o-so2-cH3 (p} -CH3 4 

119a -c6H4-o-so2-c2H5 (p) -C2H5 4 

12oa -c6H4 -NH~so2-CH3 (p) -cH3 4 

121 -C6H4-C(CF3) 2-0H{p) -cH3 5 

122 -c6H4-C(CF3) 2-oH(m) -CH2-c2H5 5 

123 -c6H4-C(CF3 ) 2-0H(rn) -c6H4Cl(p) 5 

124 -c6H4-C(CF3 ) 2-0H(m) -c6H3cl2 (3, 4) 5 

125 -c6H4-C(CF3 ) 20H(m) -c6H3-cl2 (2 1 5) 5 

126 -c6H4-C(CF3 ) 20H(m) -c6H4-ocH3 (p) 5 
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No. Rl R3 

127 -c6H4-C(CF3)2-0H(m) -C6H3Br(3}~CH3 (4) 

< 

128 -c6n4-C(CF3 ) 2-0H(m) -c6H4-No2 (p) 

128A -c6H3 (-C(CF3 ) 2-ocH3) 2 (3,5) -CH3 

128B -c6H3 (-C(CF3) 2-ocH3 ) 2 {3,5) -c6R4-CH3 (p) 

128C -c6H3 (-C(CF3 ) 2-~cH3 ) 2 (3,5) -c6H4 Cl{p) 

1280 -c6H3 {-C(CF3 ) 2-ocH3)2(3,5) -c6H4-No2 (o) 

128E -c6H3 (-C(CF3 ) 2~0CH3 ) 2 {3,S) ,8-C10H7 

129b -c.::_6H3 (-o-so2-cH3 ) 2 (2 1 4) -C6H5 

129A -c6H2 (-o-so2-cH3 ) 3 (2,3,4) -CH3 

129B -c6H2 (-o-so2-c6H4Cl(p}) 3 (2,3,4) -c6H4Cl(p) 

130 ,B-C10H7 -c6H4-cH3 (p) 

131 Thiophen-2-yl -c6H4-cH3 {p) 

132 Thiophen-~~yl -c6H4-No2 (m) 

133 Bepzo{b]thiophen-2-yl -C6H4-CH3 (p) 

134 ·aenzothiazol-5-yl 

135 Quinolin-3-yl 

Compounds No. 127, 128, 129 and 130 to 135 are prepared 

according to Example 5 

a 

b 

Use twice the molar amount of sulf onyl chloride 

since an OH or N~ group was reacted simultaneously 

in addition to the 2-hydroxypropane group 

Use three times the molar amount of sulfonyl chlor­

ide since two OH groups were reacted simultaneously 

in addition to the 2-hydroxypropane group. 



'· 

5 

10 

- 30 -

Preparation was carried out according to G.W. 

Astrologes et al., J • .Amer. Chem. Soc. 99 (1977) 

4400. 

Bun = n-Butyl (also in the following Tables) 

= Naphth-1-yl 

= Naphth-2-yl 

Melting point of the compound: 128A = 
128B = 
128C = 

128D = 
128E = 

129A = 

129B = 

60°c 

90°C 

86°C 

97°C 

117°C 

l90°C 

160°C 
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Table 2 

Compounds of the general formula 

where R2 is -CH3 in Examples 136 and 172 and -CF3 in the 

5 other Examples 

No. Rl R3 

136 1,3-C6H4 -CH3 
137 l,J-C6H4 -C2H5 

.. 138 l, 3!""'C6H4 -CH2-C2H5 

139 l, 3-C6H4 -·CH.(CH3) 2 

140 1,3-C6H4 -[CH2 ] 3._CH3 
141 1,3-C6H4 -c2H4-o-c2H5 
142 1,3-C6H4 -CH=CH2 
143 1,4-C6H4 -C2H5 

144 l,4-C6H4 -CH2-c2H5 
145 l,4-C6H4 -CH(CH3) 2 

146 l,4-C6H4 -ttH2J3-CH3 

147 l,3-C6H4 -C5H5 

148 l,3-C6H4 -c6H3 (CH3 ) 2 (3,4) 

149 l, 3-C6H4· -C6H4Br(p) 
150 l,3-C6H4 -c6H4cl2 (2,4) 

151 . 1, 3-C6H4 -c6H4 Cl2 (-J,4) 

152 1,3-C6H4 -C5H4 -0BUn(p) 

153 l,3-C6H4 -c6H4-No2 (m) 

154 l,3-C6H4 -C6H4-N02(P) 

155 l,3-C6H4 -CH2-c6H5 
156 l,3-C6H4 -CH=CH-C6H5 
157 l,3-C6H4 -c6H4-0(CH2) 2 -C6H5 (p) 
158 ~, 3-C6H4 -c6H4 -0(CH2 ) 2o-c6H5 (p) 

159 l,3-C6H4 -c6H4-0(CH2) 3o-c6H5 (p) 

160 l, 3-C6H4 .8-C10H7 

161 1,3-C6H4 ~4-c6H5-so2-thiophen-2-yl 
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No. 

162 l,4-C6H4 -C6H5 

163 1,4-C6H4 -c6H4Cl(p) 

164 l,4-C6H4 -c6H4-CH3(P) 

165 1 1 4-C6H4 -CH2-C.6H5 

166 4-CH3-l,3-C6H3 -CH3 

167 4-CH3-l,3-C6H3 -C2H5 

168 4~CH3-l,3-C6H3 -c6H4-CH3(P) 

169 4-CH3-1,J-C6H3 -c6H4Cl(p) 

170 4-CH3-l,3-C5H3 -c6H4-o(CH2 )20-C6H5 (p) 

17la 4.-CH3so3-1, 3-C:6H4. -C6H4-CH3 (p) 

172 

173 

. 174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 
186 

187 
188· 

189 

a 

4,4 1 -c6~4-C6H4- -CH3 
4,4 1-c6iI4-c6H4-. -CH3 
.. 
4·, 4 1-c6H4-c5H4- -CH2-c2H5 

4,4'-C6H4-c6H4- -c6H4 CJ!'_(P) 

4,4 1 -C6H4-c6H4- -c6H4-oc2H5 

4,4 1-c6H4-c6H4- -/3-C10H7 

4,4•-c6H4-C6H4- Benzo[b)thiophen-2-yl 

4,4 1 -C6H4-0-C5H4- -CH3 
4,4 1-c6H4-o-c6H4- -c6H4-CH3(P) 

3,3•-c6H4-C(CH3 ) 2-C5H4- -CH3 
3,3 1 -c6H4-c(CH3) 2-c6H4- -c6~4Cl(p) 
3,3 1 -C6H4•so2-c6H4- ~CH3 

3 , 3-t -c6H4 -so2-c6H4 -· -~6H4-CH3(P) 

3,3'-C6H4~co-C5H4- -CH3 
3,3 1-C6H4-co-c6H4- -c6H4-CH3(P) 

3,J 1 -c6H4-C(CF3 )2-C6H4- -cH3 
3,J•-c6H4-c(CF3) 2-c6H4- -C6H4-CH3(P) 
3,3•-c6H4-c(CF3) 2-C6H4- -c6H4-o(CH2 ) 2-oc6Hs(P) 

Prepared using three times the molar amount of 

sulfonyl chloride since a phenolic hydroxy group had 

to be esterified in addition to the two aliphatic 

hydroxyl groups. 
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Table 3 

Compounds of the general formula R3-[S02-0-C(CF3 ) {R2 )-R1 ) 11 

in which R2 is -CF3 

No. Rl n R3 

190 -CGHS 2 -CH2-

191 -c6H4-CH3 (p} 2 -CH2-

192 -C6H4-ocH3 (o) 2 .-cH2-

193 -c6H4F(p) 2 -C3H6-

.:i94. -c6H4F(p) 2 -c4H8.,.. 

195 -c6Hs 2 1,3-C6H4-

196 -C6H4-cH3 (p). 2 1,3-c=6H4 -

197 -c6H4-CH(CH3)2(P) 2 l,J-C6H4-

198 -c6H3 (CH3 ) 2 (2,4) 2 l,3-C6H4-

199 -C6H4F(p) 2 l,3-C6H4-

200 -C6H49l(p) 2 1,3-C6H4-

201 -C6H4-c6H5(P) 2 1,3-C6H4-

202 -C6H5 2 2,4,6-(CH3 ) 3-l,3-C6H-

203 -c6H4Cl(m) 2 2,4,6-(CH3 ) 3-l,3-C6H-

204 -C6H5 2 .. l, 5-c10H6-* 

205 -c6H4-CH3 (p) 2 1,5-C1oH6-* 

206 -C6H5 2 2,6-c10H6-

207 -c6H4-cH3 (p) 2 2,6-c10H6-

207A -CH3 3 l,3,S-C6J!3*** 

207B -CH2-c2H5 3 1,3,5-C6H3*** 

207C -C5H4Cl(p) 3 1,3,S-C6H3*** 

2070 J3-C10H7 3 1,3,5-C6H3*** 
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Rl n R3 

-C6H5 3 l, 3, 7-c10Hs-**. 

-C6H4-cH3 (p) 3 1,3,7-c10Hs-** 

1,5-C10H, = Naphthalene-1,5-diyl 

1, 3, 7-C10H5 = Naphthalene-1, 3, 7-triyl 

Benzene-1,3,5-triyl 

The Examples described· below are ·merely .a. .. selection from 

5 t~e inventl~e ~oncept~' The ~atter i~ therefore not 

intend~d to be restricted to the Examples. 

10 

15 

Example 1: 

A coating solution was prepared from 

6.86 parts by weight of a poly(4-hydroxystyrene) having 

an average molecular weight (Mw) of 

18,800 g/mol, 

2.94 parts by weight of a poly-N,O-acetal obtained from 

0.2 part by weight 

40 parts by weight 

benzaldehyde and 2-hydroxyethyl n­

propylcarbamate CMw = 8,700 g/mol), 

of 2,2,2-trifluoro-1-trifluoro­

-methyl-1-(3-vinylphenyl)-ethyl 4-

chlorobenzenesulfonate (cf. Prep-

aration Example 5) and 

of propylene glycol monomethyl 

2 0 ether acetate. 

The solution was filtered through a filter having a pore 

diameter of 0.2 µm and applied to a silicon wafer treated 

with an adhesion promoter (hexamethyldisilazane), by 

spin-coating, so that a lay~r thickness of 1.04 µm was 

25 obtained after drying at 120°C for 1 minute on a 

hotplate. 

The positive-working recording material was exposed 
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imagewise under an original to the UV radiation from a 

xenon/mercury vapor lamp at 254 nm having an ene~gy of 

8 mJ I cm2 • 4 minutes after exposure I the mixture was 

further heated to 60°C for 60 seconds on a hotplate. 

5 The recording material was then developed with a 0.21 N 

aqueous solution of tetramethylammonium hydroxide (TMAH). 

After a development time of 60 seconds at 21°C, the 

irradiated parts had been completely removed. The mask 

had been exactly reproduced. Even the small structures 

10 of the mask having a size of 350 nm or less were repro­

duced true to detail. 

:Example 2: 

A coating solution was prepared from 

7. 0 parts by weight of a copolymer of 2 parts of 3-

15 methyl-4-hydroxystyrene and 1 part 

of 4-hydroxystyrene {M,, = 14,000 g/ 

mol) , having an OH number of 

425 mg/g, 

3.0 parts by weight of a poly-N,O-acetal obtained from 

20 1 part of benzaldehyde and 1 part 

of 2-hydroxyethyl polycarbamate (Mw 
= 5,000), 

25 

0.25 part by weight of 2,2,2-trifluoro-l-p-tolyl-l-

40 parts by weight 

trif luo~omethylethyl 4-chloro-

benzenesulfonate (compound No. 49 

in Table 1) and 

of propylene glycol monomethyl 

ether acetate. 

The solution was pretreated as described in Example 1 and 

3 0 applied to the wafer. After drying, a layer having a 

thickness of 1.02 µm remained. 

The recording material was exposed imagewise under an 

original to the UV radiation from a xenon/mercury vapor 

lamp at 254 nm having an energy of 20 mJ/cm2. After 
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4 minutes, the mixture was further heated to 60°C for 60 

seconds on a hotplate. 

The recording material was then developed with a 0.27 N 

aqueous TMAH solution. Once again, the ~ask was exactly 

5 reproduced down to structures having a size of 300 nm. 

Example 3: 

A wafer coated as in Example 1 was exposed under an 

original to the UV radiation from a KrF excimer laser 

(248 nm} having an energy of 9 mJ/cm2 • ~he material was 

10 stored for 4 minutes and then further heated and develop-
~ .. . . 

ed as. described above. Th~ resolution of the recording 

material proved to be excellent. The wall slope in the 

case of 350 run structures was better than 87°. 

Example 4: 

15 A wafer coated as in Example 1 was exposed under an 

original to the UV radiation from a KrF excimer laser 

(248 run) having an energy of 9 m.J/cm2 (same dose as in 

Example 3) and was stored for 60 minutes at room tempera­

ture before further heating. During the development, an 

20 image which corresponded to that of Example 3 was ob­

tained. Thus, the storage time between exposure and 

further heating was not found to have any effect on the 

exposure dose. 

Example 5: 

25 A coating solution was prepared from 

7.5 parts by weight of a copolymer of styrene and 4-

hydroxystyrene (20/80) (Mw = 

28,000), 

3.1 parts by weight of piperonal bis(phenoxyethyl)-

30 acetal,, 

0.45 part by weight of 2,2,2-trifluoro-l-p-tolyl-l-

trifluoromethylethyl 4-( 2-phenoxy­

ethoxy) -benzenesulfonate (compound 
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No. 64) and 

of propylene glycol monomethyl 

ether acetate. 

The solution was pretreated and coated as described in 

5 Example 2. The 1.2 µm thick film was exposed imagewise 

under .an original to the UV radiation from a xenon/ 

mercury vapor lamp at 254 run having an energy of 

28 mJ/cm2 • After 5 minutes, the mixture was further 

heated to 70°C for 60 seconds on a hotplate. 

10 The recording material was i;hen '~~veloped · with 0 .18 N 

· aqueous TMAH solution •. Structures smaller than 500 nm in 

size were reproduced true to detail.. The contrast of the 

material was > 4. 

Example 6: 

15 A coating solution was prepared from 

7.0 parts by weight of a homopolymer of 3-methyl-4-

hydroxystyrene having an average 

molecular weight of 1 7 , 0 0 0 and an 

OH number of 385 mg/g, 

20 3.0 parts by weight of a poly-N,0-acetal obtained from 

1 part of benz~ldehyde and 1 part 

of 2-hydroxyethyl · propylcarbamate 

(Mw = 3,500) I 

0.2 part by weight of 2,2,2-trifluoro-1-trifluoro-

25 methyl-1-(4-vinylphenyl}-ethyl 

40 parts by weight 

naphthalene-2-sulfonate (compound 

No. 10'3 in Table 1) and 

of propylene glycol monomethyl 

ether acetate. 

30 After a standard pretreatment, the resulting 1. 02 µm 

thick film was exposed under an original to KrF excimer 

laser radiation in a dose of 18 mJ /cm2 • After 5 minutes, 

the mixture was further heated to q0°C for 60 seconds on 
a hotplate. 
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The recording material was then developed with 0. 27 N 

aqueous TMAH solution. The mask was exactly reproduced 

as described in the above Example. Even structures of 

< 400 nm were reproduced true to detail. 

5 Example 7: 

The coating solution from Example 6 was changed in such 

a way that, instead of the poly-N,O-acetal, a polyortho­

ester prepared by condensation of trimethyl orthoformate 

and 7,7-bis-hydroxymethylnonan-1-ol was used. 

10 After the usual pretreatment, the mixture was dried at 

11Q°C t~ give a film thickness of T.06 µm. 

-The recording material was exposed imagewise under an 

original to UV radiation from a xenon/mercury vapor lamp 

at 254 nm having an energy of 11 mJ/cm2 • After 5 

15 minutes, the wafer was further heated to 65°C for 60 

seconds on a hotplate. 

Development was then effected with a 0.24 N aqueous TMAH 

solution. The material resolved the original details of 

the mask down to structures ·of 600 run. 

20 Example 8: 

A coating solution was prepared· from 

6.5 parts by weight of a copolymer of 1.5 parts of 3-

methyl-4-hydroxystyrene and 1 part 

of 4-hydroxystyrene, having an 

25 average molecular weight of 14,000 

and an OH number of 410 mg/g, 

30 

3.5 parts by weight of a poly-N,O-acetal obtained from 

1 part of benzaldehyde and 1 part 

of 2-hydroxyethyl propylcarbamate, 

0.3 part by weight of b,2,2-trifluoro-1-phenyl-l­

trifluoromethylethyl propane­

sulfonate (compound No. 32 in Table 

lA) and 
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of propylene glycol monomethyl 

ether acetate. 

The solution was filtered through a filter having a pore 

diameter of 0. 2 µm and applied, by spin":'coating at 

5 3000 revolutions, to two silicon wafers treated with an 

adhesion promoter (hexamethyldisilazane). After drying 

at 120°C for 1 minute on a hotplate, a layer thickness of 

0.99 +/- 0.03 µm was obtained. 

The recording material .was exposed imagewi~e under an 

10 original to UV radiation f'i:;9m. a xenon/inert!ury vapor lamp 

at 254 run having an energy of 16 mJ/cm2 • After 5 minutes 

in the case of one wafer and after 60 minutes in the case 

of the second wafer, heating to 60°C was carried out for 

60.seconds on a hotplate. 

15 The exposed wafers were then developed with a 0. 24 N 

aqueous TMAH solution. The mask was exactly reproduced, 

similarly to that described in the Example above. In 

both cases, 350 run structures were clearly resolved. The 

change in the line width was only slight. 

20 Example 9: 

A coating solution was prepared from 

6. 5 parts by weight of a copolymer of 2 parts of 3-

methyl-4-hydroxystyrene and 1 part 

of· 4-hydroxystyrene, having an 

25 average molecular weight of 14,.000, 

30 

3.5 parts by weight of a poly-N,O-acetal obtained from 

1 part of benzaldehyde and 1 part 

of 2-hydroxyethyl propylcarbamate, 

0.4 part by weight 

40 parts by weight 

of 2,2,2-trifluoro-1-trifluoro­

methyl-1-(3-vinylphenyl)-ethyl 4-

butoxybenzenesulfonate (compound 

No. 106 in Table lA) and 

of propylene glycol monomethyl 

ether acetate. 
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The solution was filtered through a filter having a pore 

diameter of 0. 2 µm and applied, by spin-coating at 
' 

3000 revolutions, to three silicon wafers treated with an 

adhesion promoter (hexamethyldisilazane). After drying 

5 at 120°C for 1 minute on a hotplate, a layer thickness of 

1.02 +/- 0.03 µm was obtained. 

The recording material was exposed imagewise under an 

original to UV radiation from a KrF excimer laser having 

an energy range of from 15 to 22 mJ/cm2. A,fter 5 minutes 

10 in the case of the first :wafe;c, after 60 minutes in the 

case of the second wafer and after 120 minutes in the 

-case of the third wafer, heating to 60°C was carried out 

for 60 seco~ds on a. hotplate. 

The exposed wafers were then developed with a 0 .27 N 

15 aqueous TMAH solution. In all three cases, the best 

results were obtained at a constant exposure dose of 

18 mJ/cm2: the flanks were vertical and the resolution 

limit was 0.25 µm. In the case of the wafer stored for 

120 minutes, a slightly more pronounced undercutting of 

20 the structures was detectable. 

Example 10: 

· o·. 3 part by weight of an ·~ne ( ca>Tinuvin 440) was added 

to the coating solution of Example·9." The procedure was 

continued as described in Example 9, an expqsure dose of 

25 24 mJ/cm2 being required for dimensionally accurate 

reproduction of the mask. Once again, all wafers could 

be developed in the same quality at this dose. Under­

cutting was not observed, even after 120 minutes. 

Example 11: 

30 The recording material of Example 9 was exposed imagewise 

to electron radiation having an energy of 8. 32 µC/cm~ 

(20 keV). The script was clearly recognizable after the 

processing described in Example 9. 
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Example 12: 

A coating solution was prepared from 

9.6 parts by weight of a copolymer of pyrocatechol 

monomethacrylate and tert-butoxy-

5 carbonyl pyrocatechol monometh­

acrylate (25 : 75), 

10 

15 

0.5 part by weight 

40 parts by weight 

of 2, 2, 2-trifluoro-1-p-tolyl-1-tri­

f l uoromethylethyl 3,5-dichloro­

benzenesulfonate (compound No. 54) 

and 

of propylene glycol monomethyl 

ether acetate. 

After a pretreatment was carried out 

Example 1, a film having a thickness of 

obtained by drying at 110°C for 1 minute. 

similarly to 

0.8 µm was 

The recording material was exposed to a dose of 11 mJ/cm2 

according to Example 2, further heated to 100°C for 1 

minute and immersed for 1 minute in a 0.3 N aqueous TMAH 

developer. Exact reproduction of the original was 

20 obtained, even. structures smaller than 0. 5 µm being 

satisfactorily resolved. 

25 

30 

Example 13: 

A coating solution was prepared from 

6.86 parts by weight of a poly(4-hydroxystyrene) having 

an average molecular weight (Mw) of 

18,800 g/mol, 

2~94 parts by weight of a poly-N,O-acetal obtained from 

benzaldehyde and 2-hydroxyethyl n­

propylcarbamate (~f = 8, 700 g/mol), 

0.2 part by weight of l,3-bis-(2,2,2-trifluoro-l-

methanesulfonyloxy-1-trifluoro­

methylethyl)-benzene (compound of 

Preparation Example No. 6) and 
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of propylene glycol monomethyl 

ether acetate. 

The solution was filtered through a filter having a pore 

diameter of 0. 2 µm and applied by spin coating to a 

5 silicon wafer treated with an adhesion promoter 

(hexamethyldisilazane), so that, after drying at l20°C 

for 1 minute on a hotplate, a layer thickness of 1.06 µm 
was obtained. 

The positive-working .rec_ording material was exposed 
. . 

10 imagewise under an original to uy · radiation from a .. 
xenon/mercury. vapor·· :I.amp at 254 nm having an energy of 

B.6.mJ/cm2 • 4 minutes after the exposure, the mixture 

was further heated to 60°C for 60 seconds on a hotplate. 

The recording material was then developed with a 0.21 N 
15 aqueous TMAH solution. After 60 seconds at 21°C, the 

irradiated parts had been completely removed. The mask 

was exactly reproduced in the positive image obtained. 

Even the small structures of the mask having a size of 

350 nm or less were reproduced true to detail. 

20 Example 14 :· 

A coating solution was prepared from 

8.0 parts by weight of a copolymer of 3-methyl-4-
hydroxystyrene/4-hydroxystyrene 

(molar ratio 75 25), having a 

25 mean softening point of > 150°C and 

an average molecular weight of 

28,000, 

30 

2.0 parts by weight 

0.5 part by weight 

42 parts by weight 

of hexa-N-methoxymethylmelamine and 

of l,4-bis-(2,2,2-trifluoro-1-

methanesulfonyloxy-1-trifluoro­

methylethyl)-benzene (compound of 

~reparation Example No. 8) in 
of propylene glycol monomethyl 

ether acetate. 
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The mixture was pretreated as described in Example 1, 

applied -t;:o a wafer and dried at 110°C for 1 minute to 
give a film thickness of 1.01 µm. 

Exposure was effected through a negative original to 

5 radiation from a xenon/mercury vapor lamp {254 nm) in a 
dose of 4.2 mJ/cm2. The mixture was then heated to 120°C 

for 2 minutes on a hotplate. 

The mixture was itnmersed for 1 minute in a 0.27 N aqueous 
TMAB developer, even very fine unexposed details of the 

10 original being removed• The negative image obtained had 
a resolution down to structures of 0.35 µm •. 

15 

20 

25 

Example 15: 

A coating solution was prepared from 

7.0 parts by weight 

3.0 parts by weight 

0.4 part by weight 

40 parts by weight 

of the copolymer described in 

Example 1, 

of the poly-N,O-acetal described in 

Example 1, 

of 1,3-bis-(2,2,2-trifluoro-1-

methanesulf onyloxy-1-trifluoro­

methylethyl}-benzene according to 

Preparation Example 6 as a photo­
sensitive acid generator producing 

methanesulf onic acid and 
of propylene glycol rnonomethyl 
ether acetate. 

Comparative Examples 16 to 21: 

Coating solutions were prepared according to Example 15, 
the photosensitive acid generator being replaced in said 
solutions as follows: 

30 16: 2,6-Dinitrobenzyl methanesulfonate 
17: Benzoin me.thanesulfonate 
18: Pyrogallol trismethanesulfonate 
19: N-Methanesulfonyloxysuccinimide 
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20: 1-Methanesulfonyloxy-4-methyl-6-phenylpyrid-2-one 

21: 2-Methanesulfonyloxy-2-p-tolylpropane 

The solutions according to Example 15 and Comparative 

Examples 16 to 21 were filtered and were each applied by 

5 spin-coating to two wafers. After drying at 110°C, the 

layer thickness in all cases was i.O +/- 0.04 µm. 

The transmittance of the films for radiation having a 

wavelength of 248 nm increased in the sequence 17 < 16 < 

20 < 21 < 15 = 18 = 19, i.e. only the films of Compara-

10 tive Examples 18 and 19 had an advantageous transparency 

similar to.that of Example 15. 

The recording materials were exposed imagewise under an 

original to UV radiation from a xenon/mercury vapor lamp 

at 254 nm. The exposure dose required for reproduction 

15 was from 5.5 mJ/cm2 to 75 mJ/cm2 (5.5 mJ/cm2 = 15 = 19 < 

18 < 20 < 16 < 17 << 21 = 75 mJ/cm2 ). After 5 minutes 

for one of the wafers in each cas·e and after 60 minutes 

for the second wafer, further heating to 60°C was carried 

out for 60 seconds on a hotplate. 

20 The exposed wafers were then developed wit.h a 0.27 N 

aqueous TMAH solution. In the case · ·~f the materials 

stored for 5 minutes, the mask,wa~ reproduced down to 

400 run by all materials. Structures of < 400 nm were 

resolved by the recording materials of Examples 15, 18, 

25 19 and 21. In the case of the wafers exposed to the same 

dose and stored for 60 minutes, reproductions in the 

region of 450 nm could be obtained only with the record­

ing materials of Examples 15 and i·a; in all others, the 

structures of this size had been completely eliminated. 

30 Structures in the region of 350 nm or less were repro­

duced only by the recording material of Example 15, but 

with a clearly detectable -qndercut. These re'sults show 

that the latent image of the recording materials is 

considerably stabilized when the mixture according to the 

35 invention is used and a constancy of exposure dose 



- 45 -

independent of the storage time is ensured only with 

these materials. The result obtained with the mixtures 

according to the invention can be further improved if 

basic additives, for example amines, are added to the 

5 mixture (cf. Example 10). 

10 

15 

Example 22: 

A coating solution was prepared from 

8.0 parts by weight 

-· 
· 2 • 0 parts by weight 

0.5 part by weight 

42 parts by weight 

of a copolymer of 3-methyl-4-
hydroxystyrene / 4-hyd~oxystyrene 
(molar ratio 75 : 25), having a 
mean softening point > 150°C and an 

average molecular weight of 28,000, 

of hexa-N-methoxymethylmelamine and 

of 2,2,2-trifluoro-1-phenyl-l­
trifluoromethylethyl 5-chloro­

thiophene-2-sulfonate (compound No. 
42) in 
of propylene glycol monomethyl 

ether acetate. 

20 The mixture was pretreated as described in Example ·1, 

applied to a wafer. and dried at 110°C for 1 minute to 
give a film thickness of i.·03 µm. 

Exposure was effected through a negative original to 

radiation from a xenon/mercury vapor lamp (254 nm) in a 
25 dose of 3.8 mJ/cm2. The mixture was then heated to 120°C 

for 2 minutes on a hotplate. 

The mixture was immersed for 1 minute in a 0.27 N aqueous 
TMAH developer, even very fine unexposed details of the 
original being removed. The negative image obtained had 

30 a resolution down to structures of 0.35 µm. 
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Example 23: 

A coating solution was prepared from 

7.5 parts by weight of a homopolymer of 3-methyl-4-
. hydroxystyrene, having an average 

5 molecular weight of 14,000, 

10 

2.5 parts by weight of 4,4'-bismethoxymethyldiphenyl 

ether and 
0.5 part by weight 

4.2 parts by weight 

of l-(4-chlorophenyl)-2,2,2-tri­
fluoro-l-trifluoromethylethyl 4-( 3-
phenylpropoxy)-benzenesulfonate 

(compound No. 85) in 
of propylene glycol monom~thyl 

ether~ 

The mixture was pretreated as described in Example 1, 
15 applied to a wafer and dried at 110°C for 1 minute to 

give a film thickness of 0.98 µm. 

Exposure was effected through a negative original to 
radiation from a xenon/mercury v~por lamp (254 nm) in a 
dose of 7. 6 mJ/cm2. The mixture was then heated to 115°C 

20 for 2 minutes on a hotplate. 

The mixture was imme~~ed for 1 minute in a 0.27 N aqueous 
TMAH developer, even very fi.ne unexposed details of the 
original being removed. The negative image obtained had 
a resolution down to structures of 0.45 µm. 

25 Examples 24 to 72: 

Coating solutions were prepared analogously to Example 1 
(tonality +) or Example 22 (tonality -), the sulfonic 

acid esters stated in the Table below being used in the 
same amount by weight. Processing was effected as stated 

30 in the Examples. The sensitivity and resolution of small 
lines (not optimized) are stated below. The Examples are 
intended to show that highly sensitive recording materi­
als can be produced virtually with all compounds accord­
ing to the invention, of the formulae I and/or II, and 
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their sensitivity is determined mainly by the presence of 

the -C(CF3 )R-O-S02 group. 

No. Compound Tonality Sensitivity Resolution 

No. (mJ/cm2 ) (µm) 

24 18 + 32 < 0.4 

25 23 + 22 0.4 

26 28 + 25 < 0.4 

27 34 16 < 0.4 

28 39 + 22 < 0.4 

29 40 +. 16 < 0.4 

30 45 + 28 < 0~4 

31 46 + 35 0.4 

32 49 + 17 < 0.4 

33 52 + 14 < 0~4 

34 55 + 12 < o.4 

35 61 +. 45 0.4 

36 64 + 38 < 0.4 

37. 68 + 32 < 0.4 

38 79 + 29 < 0.4 

39 83 14 < 0.4 

40 94 21 0.4 

41 98 + 8,2 < 0.4 

42 101 ·+ 11 < 0.4 

43 103 + 12 < 0,4 

44 104 + 7,5 < 0.4 
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No. Compound 
No. 

45 108 

46 111 

47 114 

48 125 

49 130 

50 134 

51 138 

52 142 

. 53 149 

54 1s1· 

55 156 

56 158 

57 158 

58 160 

59 166 

60 169 

61- 173 

62 179 

63 183 

64 183 

65 187 

66 187 

67 189 

68 193 
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Tonality 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+· 

+ 

+ 

+ 

+ 

Sensitivity 

(mJ/cm2 ) 

10 

7. 

9,5 

0,2 

18 

22 

11 

10 

6 

< 6 

8 

ll 

9 

12 

8 

4,5 

11 

9 

7 

6 

7 

6 

12 

22 

Resolution 

(µm} 

< 0.4 

< 0.4 

< 0.4 

< 0.4 

0.4 

0.4 

< 0.4 

< 0.4 

< o.4 

< 0.4 

< o.4 

< 0.4 

< 0.4 

< 0.4 

< 0.4 

< 0,4 

< 0.4 

< o.4 

< 0.4 

< 0,4 

< 0,4 

< 0,4 

< 0.4 

0.4 
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No. Compound 

No. 

69 196 

70 

71 

72 

196 

202 

207 
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Tonality Sensitivity Resolution 

(mJ/cm2} (µm) . 

+ 19 < 0.4 

13 < 0.4 

+ l.9 < 0.4 

+ 17 
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Patent Claims 

1. Radiation-sensitive, positive-working or negative­

working mixture comprising 

a) a compound forming a strong acid on irradiation, 

b) either, for a positive-working mixture, a com­

pound having at least one acid-cleavable C-0-C or 

c-o-si bond or, for a negative-working mixture, 

a compound having at least two acid-crosslinkable 

groups and 
c} a binder which is insoluble.in water but soluble 

or at least swellable in aqueous alkaline 

soiutions, 

wherein the compound a) is a su~fonic acid ester of 

the formula 

in which 

[R1-CR2 (CF3 )-0-S02-JnR3 

R1 [-CR2 (CF3 )-0-S02-R3
] 111 

(I) or 

(II) 

R1 in the compounds of the formula I is a mono­

nuclear or polynuclear unfused or. fused ( c,­
C14) aryl or ( CrC11 ) heteroaryl. radical containing 

oxygen, sulfur or nitrogen as a heteroatom and, 

in the compounds of the formula II, a divalent 

or trivalent radical of a mononuclear or 

polynuclear unfused or fused ( c,-C14 ) aromatic or 

(C4-C12 ) heteroaromatic containing oxygen, sulfur 

or nitrogen as a heteroatom or a divalent 

radical of the formula -C,HcX-C6H4-, in which X 

is an oxygen atom, a carbonyl or sulf onyl group 

or a group CR7R8
, in which R7 and R8 are 

identical or different and are a methyl or 

trifluoromethyl radical, 

is a hydrogen atom or a methyl, trifluoromethyl 

or cyano radical, 
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2. 

3. 
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R3 in the compounds of the formula I where n = 1 
and in the compounds of the formula II is a 
straight-chain or branched, unsubstituted or 
substituted (C1-C18 )alkyl radical, a (C4-C10 )­

cycloalkyl radical, a (C2-C,) alkenyl radical, 

an unsubstituted or substituted (C,-C14 )aryl or 
( C4-C12 ) heteroaryl radical containing oxygen, 
sulfur or nitrogen as a heteroatom or a (C7-

C18) aralkyl radical and, 
in the compounds of the formula I where n = 2 

or 3 1 a divalent or trivalent radical of a 
straight-chain or branched, unsubstituted or 
substituted (C~-C18 ) alkan~ ar cycloalkane, of a. 
mononuclear or polynuclear (C,-C14 ) aromatic or 
of a: (C4-C12 )heteroaromatic containing oxygen, 
sulfur or nitrogen as a heteroatom, 

and 
n is an integer from 1 to 3 and 
ltl is 2 or 3. 

The radiation-sensitive mixture as claimed in claim 
1, wherein R1 is a phenyl, naphthyl, thiophen-2-yl, 
thiophen-3-yl, benzo[b]thiophen-2-yl or benzo[b]­
thiophen-3-yl or a phenyl radical to which a five- . 
membe.red or six-membered ring.having 1 to 3 hetero­
atoms, such.as oxygen, nitrogen.or sulf~r, is fused, 
preferably a chromanyl, chromenyl, thiochromanyl, 
isochromanyl or isothiochromanyl, indolinyl, benzo­
thiazolyl, quinolyl, 1,2,3,4-tetrahydroquinolyl or 
isoquinolyl radical. 

The radiation-sensitive mixture as claimed in claim 
1 or 2, wherein the radical R1 is substituted by one 
to three identical or different substituents, such 
as fluorine, chlorine or bromine atoms, (C1-C,)alkyl, 
{C2-c,) alkenyl, (C2-C4 )alkynyl, {C1-C6 ) alkoxy, (C,­
C10) aryl, (C6-C10 )aryloxy, (C7-C14 )aralkyl, (C7-C14 )­

aryloxyalkyl, { C7-C14 ) aryloxyalkoxy, ( c1-c,) alkyl thio, 
( C 1 .- C 4 ) d i a 1 k y 1 a m i n o , 
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(C1-C&)carboxyalkyl! cyano, nitro, (C1-c10 )alkane­

sulfonyl or ( c,-C14 ) arylsulfonyl groups or the groups 

R 3 -S02 -0-, R3 -S02 -NH-, HO-C ( CF 3 ) -R2 ~ or 

R3-S02-o-c ( CF3 ) R2
-, in which R2 and R3 have the 

meaning stated in claim 1. 

The radiation-sensitive mixture as claimed in claim 

1, wherein the radical· R2 is a trifluoromethyl 

radical. 

5. The radiation-sensitive mixture as claimed in claim 
10 1, wherein the radical R3 in the .compounds of the 

formula I ·where n = 1 .and in the c;:.ompounds. of the 
~ .. . . 

formula II is a (C1-C,)alkyl radical; such as methyl, 

. ~thyl, propyl, isopropyl or. butyl, a cycloalkyl 

radical, . such as cyclohexyl, a perfluorinated or 

15 _highly fluorinated (C1...,;C6 ) alkyl radical, such as 

trifluoromethyl, a {C6-C10 )aryl radical, such as 

pl:tenyl, tolyl, naphthyl or dihydronaphthyl or tetra­

hydronaphthyl, a (C7-C14 ) arylalkyl radical, such as 

benzyl, or a ( C4-C9 ) heteroaryl radical, such as 
20 

25 

30 

6. 

7. 

thiophen-2-yl or thiophen-3-yl, and, in the com­

pounds of the formula II where n = 2, is a 

( C1 -c10 ) alkylene,. in particular methylene, ethane-

1, 2-diyl or p;ropane~l,3-diyl, or a (C,-C10 }arylene, 

such as ortho-, meta- or para-phenylene or naph-
thalenediyl. 

The radiation-sensitive mixture as claimed in claim 

5 , wherein the radical R3 has not more than 15 

carbon atoms. 

The.radiation-sensitive mixture as claimed in one or 

more of claims l· to 6, wherein the amount of the 

compound of the formula I and/or II is 0.5 to 25% by 

weight, preferably 1 t6 10% by weight, based in each 

case on the total weight of the solids. 

8. The radiation-sensitive mixture as claimed in one or 



5 

9. 

I If If Ill lllllf lllll lllll /I llJ/ 
C l M S * 

- 53 -

more of claims 1 to 7, wherein the content of the 
hinder is 1 to 95% by weight, preferably 5 to 90% by 

weight, particularly preferably 30 to 85 % by 

weight, based in each case on the total weight of 

the solids. 

The radiation-sensitive mixture as claimed in any of 
claims 1 to 4, wherein the amount of acid-cleavable 

compounds in the positive-working mixture is l to 
50% by weight, preferably 5 to 40% by weight, based 

10 in each case on the total weight of the solids. 

10. The radiation-sensitive mixture as claimed in one or 

more of claims 1 to 8, wherein the content of acid­
crossli~kable compounds in the negative-working 
mixture is 1 to 50% by weight, preferably 5 to 40% 

15 by weight, based in each case on the total weight of 
the solids. 

11. A positive-working or negative-working radiation­

sensitive recording material having a substrate and 
a radiation-sensitive layer, wherein the layer 

20 comprises the radiation-sensitive mixture as claimed 
in one or more of claims 1 to·10. 

25 

12. A sulfonic acid ester of the formula 

in which 

[ R1-CR2 (CF 3 ) -0-502-] 11R
3 

R1 [-CR2 
( CF3 )-0-S02 :_R3 Jm 

(I) or 
(II) 

R1
, R2 and R3 have the meanings stated in.claim 1 and 

n and m are each 2 or 3, 

a sulfonic acid ester of the formula (F3C) 2C [C,H4-

( CH1) -c (CF 1 ) 2-0-S02 -CH3 J 2 being excluded. 
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13. The use of sulfonic acid esters of the formula 

[R1-CR2 
( CF3 )-O-S02-JnR3 

R1 [-CR2 
( CF3 ) -O-S02-R3 ] 111 

(I) or 
(II) 

as photosensitive acid generators in a radiation­
sensitive mixture, where R1 , R2 , R3 , n and m have the 
meanings stated in claim 1 • 

. . 


